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ABSTRACT There is a marked increase in the development and use of electronic nicotine delivery
systems or electronic cigarettes (ECIGs). This statement covers electronic cigarettes (ECIGs), defined as
“electrical devices that generate an aerosol from a liquid” and thus excludes devices that contain tobacco.
Database searches identified published articles that were used to summarise the current knowledge on the
epidemiology of ECIG use; their ingredients and accompanied health effects; second-hand exposure; use of
ECIGs for smoking cessation; behavioural aspects of ECIGs and social impact; in vitro and animal studies;
and user perspectives.

ECIG aerosol contains potentially toxic chemicals. As compared to conventional cigarettes, these are
fewer and generally in lower concentrations. Second-hand exposures to ECIG chemicals may represent a
potential risk, especially to vulnerable populations. There is not enough scientific evidence to support
ECIGs as an aid to smoking cessation due to a lack of controlled trials, including those that compare
ECIGs with licenced stop-smoking treatments. So far, there are conflicting data that use of ECIGs results
in a renormalisation of smoking behaviour or for the gateway hypothesis. Experiments in cell cultures and
animal studies show that ECIGs can have multiple negative effects. The long-term effects of ECIG use are
unknown, and there is therefore no evidence that ECIGs are safer than tobacco in the long term. Based on
current knowledge, negative health effects cannot be ruled out.
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Introduction
Smoking of tobacco products is one of the major preventable risk factors for death related to
cardiovascular, neoplastic, infectious and respiratory diseases. There has recently been a marked increase
in the development and use of electronic nicotine delivery systems or electronic cigarettes (ECIGs). This
statement covers ECIGs, defined as “electrical devices that generate an aerosol from a liquid” and thus
excludes devices that contain tobacco (such as heat-not-burn tobacco products). ECIGs contain nicotine,
propylene glycol and/or glycerine, flavourings (>8000 different types are available), water, alcohol and
other substances, which are vapourised and delivered to the lungs. Analysis of published literature
demonstrates that worldwide research activity on ECIGs has been and still is increasing [1].

An intense discussion is ongoing on the potential benefits and harms of the use of ECIGs. Related to the
European Respiratory Society (ERS) view that “human lungs are made to breathe clean air and any
substance inhaled long term may be detrimental”, many publications provide data on the toxicology and
harm-causing effects of ECIGs. The discussion on ECIGs focuses on the questions whether changing from
smoking of tobacco products to ECIGs could reduce harm. A large number of publications address this
approach. The main issues analysed in this discussion are: 1) health concerns related to exposure to ECIG
constituents, including nicotine; 2) risks from second-hand emissions; 3) the role of ECIGs as a gateway,
particularly to the young, both for tobacco smoking and nicotine dependence; and 4) their potential role
as a smoking cessation tool.

The Forum of International Respiratory Societies (FIRS) issued a position statement on ECIGs asking for
more independent studies on the benefits and potential harms of ECIG use, and a prudent restriction of
the usage of these products at least until their safety can be established [2].

As this scientific field is quite young, a potential bias might be introduced by active authors or groups that
have published multiple papers in a specific direction. In addition, specific authors have a documented
conflict of interest with the ECIG industry (relevant for references [39, 40, 52, 53, 91, 104, 105, 108, 109,
110, 153, 180, 185, 210, 211, 217, 218, 220, 247, 279, 282]).

On this basis, the ERS has established a task force to collect, analyse and integrate the current knowledge
on ECIGs, and to provide an evaluation of the subject for various stakeholders, including physicians,
scientists, patients, users and policy makers. The task force group was geographically balanced and experts
from 10 different European and American countries were included. A potential conflict of interest,
especially with the tobacco or ECIG industry, was evaluated by using the International Committee of
Medical Journal Editors form according to ERS guidelines. No such conflicts of interest were identified.

Methods
The task force collected publications on research published in peer-reviewed journals and publicly
available documents on ECIGs. Eligible studies were original papers with empirical data including
experimental studies, including preclinical studies (work on molecules, cells, animals); observational
studies (including case–control, cohort and cross-sectional studies); case reports and case series; clinical
trials using ECIGs; and systematic reviews with or without meta-analysis.

Only studies in the English language published before August 2016 were included (except two non-English
papers). Later publications that were relevant were added as the report was finalised. If individual papers
were not identified by the search strategy, experts from the task force could propose the inclusion of
studies from other sources. The task force conducted literature searches in the National Library of
Medicine’s PubMed electronic database (MEDLINE, PubMed), Scopus, PsycINFO and Embase. The
database searches were performed by CM and RB and all results were put in a reference management
system (Mendeley team package; Elsevier, Amsterdam, the Netherlands). All other members of the task
force were eligible to include references. Based on the database searches, a total number 2271 of
publications was identified. The publications were allocated to eight working groups of the task force. The
allocation was supervised by the two co-chairs (RB, FB). The full-text publications were obtained and
inserted into a web-based database system. The analysis and discussion of each topic area were performed
both in face-to-face meetings and web-based conferences. During this process, documents were excluded
(nonsystematic reviews, small observational studies, commentaries) and 289 references included in the
present publication.

For the identification of user-specific items, the work groups responsible for identifying and reviewing the
literature for each chapter of the manuscript were asked to identify specific articles that contained user
perspectives particularly around their values (attitudes, beliefs and motivations) for using ECIGs, the aim
being to complement the studies identified from the systematic review to provide further insight into
user-centred values and preferences in relation to ECIG use. A total of 35 articles were identified. These
articles were then passed to the European Lung Foundation (ELF) to review and analyse using thematic
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content analysis. Following review, 16 articles were selected by ELF as within the scope of the manuscript
and having content relating to user values and preferences. A summary of the themes from the articles
identified was written by ELF to produce the user-focused section of the manuscript.

The initial draft of the manuscript was prepared by the co-chairs together with members of the working
groups. The manuscript was reviewed, edited and approved by all authors prior to submission. Despite the
intense literature search, this paper is not a systematic review.

Epidemiology of ECIG use
ECIG use among teenagers and young adults
Several studies have shown that awareness and use of ECIGs has been increasing in teenagers. Dual
cigarette and ECIG use increased from 0.8% in February 2010 to 1.9% in June 2011 (p=0.03) in a United
States high-school population; >80% of the ECIGs users also used cigarettes [3]. In Korea, 4341 students
from middle and high school (mean age 14.0 and 16.5 years, respectively) responded to a questionnaire in
2008; 10.2% had seen or heard of ECIGs, but only 0.5% had tried them [4]. The Florida Youth Tobacco
Survey was a self-completed, school-based paper survey that has been administered to a random sample
(>12000 students) of public middle- and high-school students annually since 1998 in the state of Florida,
USA. In 2011, 6.0% of high school students had tried ECIGs, while in 2012 the proportion increased by
40% to 8.4%; the use of ECIGs within the past 30 days was 3.1% and 3.5%, respectively [5]. The US
Population Assessment of Tobacco and Health (PATH) study, a nationally representative study conducted
in 2013 and 2014, which included 13651 youths aged between 12 and 17 years, found that 13.4% had ever
used an ECIG, 3.1% had used ECIGs in the past 30 days and 0.2% used them daily [6]. Numerous other
studies show similar results, which indicate that adolescents use or experiment with ECIGs [4, 7–14]. A
number of studies investigated risk factors for ECIG use in teenagers and the social levels of school forms
were associated with ECIG use frequency [15]. A strong predictor of frequency of ECIG use is cigarette
smoking. Most youths who use ECIGs are also cigarette smokers [16]. Among never-smokers who use
ECIGs, most only use them 1–2 days per month, and many use nicotine-free ECIGs. The designation
“nicotine-free” was based on information supplied by the manufacturers. Among cigarette smokers the
frequency of past 30-day use of ECIGs is much higher. Other risk factors include family smoking
behaviour [17] or current cigarette smoking [10, 18]. These studies indicate that ECIG use among
teenagers and young adults has increased over the past few years [16, 19].

ECIG use among adults
A large number of studies show that the use and awareness of ECIGs has been increasing in adults over
the past few years. In 2012, the prevalence of use was still low and ECIG use was associated with lower age
and better education [20]. Larger studies are sparse and often compare results from several countries [21].
Data regarding ECIG use was collected in 2012 from 25 European countries, with the highest prevalence
in Denmark (4.2%) and lowest in Portugal and Lithuania (0.6%) [22]. More recent data from 2017 from
28 European Union (EU) member states indicated that since 2014, the proportion of those who have at
least tried ECIGs has increased (12% in 2014 versus 15% in 2017). However, the proportion of adults
currently using ECIGs appears to remain stable at 2% of the EU population [23]. Studies involving French
college students revealed a prevalence of ever-use and current use of ECIGs of 23.0% and 5.7%
respectively, while prevalence of the combined use of conventional cigarettes and ECIGs was 14.5% [24].
Awareness was high and variable in a survey involving 10 countries [25]. In addition, a telephone survey
in France showed similar data [26], as did related studies in other European countries [27]. There have
been repeated surveys in USA comparing ECIG use in 2010 and 2013 in study samples of 2505–4170
individuals. During this period, ever-use of ECIG increased among current and former cigarette smokers
(9.8–36.5% and 2.5–9.6%, respectively), while it remained at a similar level among never-smokers (1.3–
1.2%) [8]. Several studies showed increasing use and awareness of ECIGs, especially in countries where
they can be obtained legally and companies have open market access [28–36]. The number of tobacco
cigarettes smoked per day and high income was associated with ECIG use [30, 37]. Repeated
cross-sectional surveys in USA during the years 2010, 2011, 2012 and 2013 included >3000 individuals
aged ⩾18 years in each sample. Both ever- and current use of ECIGs increased, from 1.8% to 13.0% and
0.3% to 6.8%, respectively, between 2010 and 2013. Current use of ECIGs, defined as any use within the
past 30 days, was associated with smoking status; it was 30.3% among daily smokers, 5.4% among former
smokers and 5.4% among never-smokers [34]. The PATH study, which included 45971 adults, reported
ECIG use in 6.7% in the past 30 days and 1.2% daily [6]. Similar prevalence of ECIG use has been found
in patients with cancer [21, 38]. However, more regular use of ECIGs (weekly or daily) is seen almost
exclusively in smokers [39, 40]. It is important to also note that 1.2% of never-smokers of cigarettes
reported having ever used an ECIG in the EU, which is ∼29.3 million adults.
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The most common reasons for using ECIGs is to quit or cut down tobacco usage based on the assumption
that they are less harmful than other tobacco products, but also that they can be used where smoking is
prohibited [24, 41]. In addition, curiosity is a main factor for the use of ECIGs [42, 43]. Individuals with
mental health conditions show a high prevalence of ECIG use [44–46]. In addition, it is important to note
that there is much discussion over how best to monitor the prevalence of ECIG use [47, 48].

Conclusion
Taken together, the use of ECIGs has increased over the past decade among both adolescents and adults.
Regular use of ECIGs is most common among individuals who are current or former smokers.

In vitro and in vivo animal studies
A variety of in vitro and in vivo model systems have been used in the evaluation of effects of ECIGs. In
many studies, effects of ECIGs were compared to those resulting from exposure to traditional tobacco
cigarettes (TCIGs). This section is focused on effects of ECIG liquid and vapour, whereas effects of
individual constituents such as nicotine are discussed in the following section on ingredients and health
effects.

In vitro model studies on ECIGs
Different models have been used to study the effect of ECIGs on a variety of cell types. These include
studies focusing on the vapour generated by ECIGs, but also studies of e-liquids and individual
constituents of ECIGs. Study designs show marked differences with regards to the exposure systems used,
including the puffing regimen used.

Cytotoxicity to various cell lines, causing cell death, decreased cell proliferation and increased oxidative
stress have been reported [49–51]. Studies using a variety of cell types showed that effects of ECIGs on cell
death and changes in gene expression were markedly lower than TCIGs [52–58]. However, it has been
documented that ECIGs do cause a variety of adverse cellular effects on a range of cell types. Airway
epithelial cells are a principal target for inhaled ECIG vapour, and primary airway epithelial cells are
increasingly used in cytotoxicity studies because they are thought to better represent the airway epithelium
than the widely used continuous tumour or immortalised cell lines. An overview of the effects of ECIGs
on such human primary airway epithelial cells is provided in table 1. The design of such studies differed
markedly, and only two used exposure of cells differentiated at the air–liquid interface (ALI) to ECIG
vapour [54, 60]. Therefore, these studies are discussed in detail. Both studies used the same commercially
available culture model system using primary bronchial epithelial cells obtained from a single donor
cultured and differentiated at the ALI (EpiAirway; MatTek, Ashland, MA, USA). A study from British
American Tobacco [60] showed that exposure to ECIG vapour did not induce cytotoxicity or a decrease in
epithelial barrier function, whereas TCIG smoke exposure caused marked effects on these parameters.
MOSES et al. [54] used a similar approach by exposing cells to aerosols generated by ECIGs (four different
ECIGs from one single manufacturer) or smoke generated by TCIGs (3R4F reference cigarettes; University
of Kentucky, Lexington, KY, USA) using a commercially available exposure system (Vitrocell, Waldkirch,
Germany). Whereas, in line with the study by NEILSON et al. [60], no overt cytotoxicity was noted with
ECIGs (as compared to TCIGs), both ECIGs and TCIGs caused similar changes in gene expression. In
particular, alterations in expression of genes related to xenobiotic metabolism, oxidative stress, DNA
damage, apoptosis and cilia formation and function were noted. While the magnitude of these changes

TABLE 1 Effects of electronic cigarettes (ECIGs) on human airway epithelial cells (HAECs)

HAEC culture system ECIG exposure Effect Reference

Type of analysis
Metabolomics ALI Liquid Change (comparable to TCIG smoke condensate) [59]
Transcriptomics ALI Aerosol Change (partly similar to whole TCIG smoke) [54]

Observed changes
Oxidative stress ALI# Aerosol Increase (mostly lower than with TCIG smoke) [54, 56]
Ciliary function ALI Aerosol Decrease in gene expression [54]
Cytotoxicity ALI Aerosol No toxicity [54, 60]

ALI# Aerosol Decreased viability [56]
Barrier function ALI Aerosol No effect on TEER [54]

ALI: air–liquid interface; TCIG: tobacco cigarette; TEER: trans-epithelial electrical resistance. #: HAECs in [56] were exposed at the ALI, but not
differentiated at the ALI.
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was higher in TCIGs than in ECIGs, nicotine-containing ECIGs caused more profound changes than
ECIGs that did not contain nicotine. The authors noted remarkably similar changes in gene expression in
airway epithelial cells derived from bronchial brushes of ECIG users and cultures exposed to ECIGs.

In addition to studies on primary lung epithelial cells, other studies used human immortalised or tumour
lung epithelial cells to assess cytotoxic effects, and changes in gene expression or function induced by
exposure to extracts of ECIG vapour or ECIG liquid, as shown in studies using A549 [49, 57, 58] and
BEAS-2B cells [61]. In addition, effects of ECIGs on other cell types have been explored. Such studies
showed cytotoxic and other adverse effects of (extracts from) ECIG vapour or e-liquid on human gingival
and lung fibroblasts [49, 62], vascular smooth muscle cells [63], embryonic stem cells [64], neutrophils
[65] and a macrophage cell line [66], as well as a myocardial cell line [52].

While many studies assessing effects of ECIGs have used cell death, epithelial barrier changes or changes
in gene expression related to inflammation [49, 67] or oxidative stress [49, 54, 56, 61] as a read-out, fewer
studies have explored the effect of ECIGs on tumour development and growth. This is highly relevant,
since TCIG smoke has been shown to contain various carcinogens. Heating of ECIG liquid was found to
result in the release of carcinogenic substances [68], and ECIG vapour, both with and without nicotine,
was found to be cytotoxic and cause DNA strand breaks in keratinocyte and head and neck squamous
cancer carcinoma cell lines [69].

In selected studies, the contribution of nicotine to the observed adverse effects was assessed. Those studies
showed clearly that effects were not mediated only by nicotine in e-liquid or vapour [56, 57, 61, 67, 69].
Thousands of ECIG flavours are marketed, but little is known about their toxicity, especially following
heating and inhalation. The contribution of such flavourings and of other constituents, including nicotine,
is discussed later, showing that more information is needed on the cytotoxic potential of ECIG flavours.

Limitations of in vitro studies
In vitro studies exploring effects of ECIGs frequently use nondifferentiated, continuous cell lines, such as
the A549 lung epithelial cell line. However, in vitro toxicology studies are increasingly using more
advanced systems using primary epithelial cells that have been differentiated and are exposed at the ALI
(table 1). An important issue in such studies is the consideration of puffing regime, and of deposition
efficiency; information on the latter is usually not available. It is therefore difficult to determine whether
exposure conditions in vitro can be extrapolated to the situation in ECIG users.

Animal models
A limited number of animal studies have been used to investigate the effect of ECIGs on the lung and
other organs. In a murine model of ovalbumin (OVA)-based asthma, the application of diluted ECIG
solution increased airway inflammation illustrated by an increase in eosinophils, levels of type 1 T-helper
cell cytokines interleukin (IL)-4, IL-5 and IL-13, OVA-specific IgE, and airway hyperresponsiveness [70].
4 months’ exposure to inhaled nicotine-containing ECIG fluids triggered effects normally associated with
the development of a chronic obstructive pulmonary disease (COPD)-like tissue damage in a
nicotine-dependent manner [71]. A 7-month cigarette smoke inhalation study (industry sponsored) in
C57BL/6 mice showed nicotine-dependent lung inflammation and emphysema after ECIG exposure;
however, it was lower than that observed following exposure to smoke from conventional cigarettes [72].
Acute exposure to electronic and conventional cigarettes showed lower, but still measurable adverse effects
of ECIGs with regard to barrier disruption and cytokine release [58].

Several studies investigated the effect of ECIG exposure on host defence. One study investigated the effect
of exposure to ECIG vapour for 2 weeks, and showed an increased susceptibility to infection with
influenza A and Streptococcus pneumoniae [73]. A 4-week exposure to ECIG vapour decreased
macrophage and neutrophil antimicrobial function and increased susceptibility in a mouse pneumonia
model [74]. Exposure of rats to a commercial ECIG device in whole-body mode showed induction of
mutations and activation of carcinogen-bioactivating enzymes [75].

Extrapulmonary effects
Neonatal mice were exposed to ECIGs for the first 10 days of their life and were found to have modestly
impaired lung growth, alveolar cell proliferation and total body weight [76]. A whole-body exposure to
cigarette smoke or ECIG vapour showed that nicotine-containing ECIG vapour induces addiction-related
neurochemical, physiological and behavioural changes [77]. The offspring of the mice excposed to ECIG
vapour showed significant behavioural alterations [78].

Systemic application of ECIG liquid in a rat model showed that e-liquid with or without nicotine leads to
diminished sperm density and viability, and a decrease in testicular lactate dehydrogenase activity and
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testosterone level [79]. An identical experimental setup from the same research group revealed decreased
food and energy intake and a significant decrease in cholesterol and low-density lipoprotein LDL levels
[80], and alterations of the anti-oxidant defence and minor changes in renal function parameters [81].
Cardiac development was studied in zebrafish (Danio rerio) and in human embryonic stem cells (hESCs),
and showed that ECIGs have a less detrimental effect in these outcomes as compared to conventional
cigarettes [82]. Larva of Caenorhabditis elegans worms were exposed to ECIG liquids and this study
showed that propylene glycol exposure is sufficient to induce an oxidative stress response in nematodes,
while nicotine is not. Both propylene glycol and nicotine independently influence physiological measures
of health and viability [83].

Conclusion
An increasing number of studies have used cell culture and animal models to investigate the effects of
ECIGs. Most of these studies revealed adverse effects of ECIGs, although these were less pronounced than
with TCIGs. ECIGs were found to affect cell viability in some but not all studies, but also in the absence
of cytotoxic effects changes in oxidative stress, inflammatory mediator production and host defence against
infection were noted. These studies focused on acute and subacute effects of ECIGs, and cell culture
experiments cannot be used to show long-term effects. Notably, nicotine and flavouring agents present in
ECIG products are thought to contribute to their toxic effects. Caution is needed in extrapolating ECIG
studies performed in cell culture or animals to human exposures. Aerosol exposure studies in cell culture
and animals are technically difficult, and therefore some researchers used extracts of vapours. Other
researchers focused on e-liquids, which reflects a different exposure than inhalation of ECIG vapour.
Whereas these in vitro and in vivo exposure studies raise concern regarding the use of ECIGs, conclusive
answers will only be obtained with carefully conducted long-term studies in ECIG users.

Ingredients and health effects
ECIGs include a wide variety of battery-powered devices that heat a liquid, usually containing nicotine, to
generate a vapour/aerosol that is inhaled [84]. Devices vary considerably in design, including the size of
the device, battery power and characteristics of the liquid chamber, composition of the coil and of the
wick. As discussed below, different devices can generate very different chemical exposures, and most likely
different levels of toxicity.

Constituents
E-liquid
The liquid (e-liquid) is generally comprised of propylene glycol and/or vegetable glycerine, nicotine and
flavourings. The concentrations of nicotine may vary widely, but are typically 3–50 mg·mL−1, and some
e-liquids are nicotine-free. The stated nicotine concentrations are not always accurate [85, 86]. A recent
study of 27 US e-liquids with nominal nicotine concentrations of 6–22 mg·mL−1 found that actual
concentrations were 45–131% of the stated concentration, and that 67% had >10% variance from stated
values [86]. In most cases the measured concentrations are lower than those stated. Nicotine in e-liquids is
extracted from tobacco, so the liquid may contain low levels of minor tobacco alkaloids and
tobacco-specific nitrosamines (nicotine-derived nitrosamine ketone, N-nitrosonornicotine), depending on
the degree of purification [85]. The ratio of propylene glycol to vegetable glycerine differs between e-liquids,
with many containing more propylene glycol than vegetable glycerine. Thousands of different e-liquid
flavourings are available. Flavourings consist of complex mixtures of chemicals, and may include aldehydes
(such as benzaldehyde in fruit flavours and cinnamaldehyde in cinnamon flavours), diacetyl, acetyl
propionyl and acetoin (butter flavours) and alcohol [87–90]. The pH of e-liquids can vary widely from 6 to
9.8, depending on nicotine content (higher pH with higher nicotine content) and various flavourings [91].

Aerosol
When the ECIG is activated, a current is applied to the metal coils that surround the wick, which is
saturated with e-liquid. The characteristics of the aerosol depend on the composition of the liquid, the
heating temperature of the coil and wick, and an individual puffing pattern. ECIGs do not generate carbon
monoxide or many other toxic chemicals produced by a burning cigarette. However, at high temperatures
and with frequent puffing using a puffing machine, propylene glycol and vegetable glycerine undergo
thermal degradation to form acetaldehyde, formaldehyde, acrolein and other potentially toxic carbonyls
[92–94]. In some devices, heating of mixtures of propylene glycol, vegetable glycerine, benzoic acid and
benzaldehyde generates benzene, a human carcinogen, which is present at lower levels than in cigarette
smoke [95]. In addition, thermal degradation products can be derived from the flavouring agents [96]. In
general, the more powerful the battery, the higher the coil temperature, the more aerosol produced and the
more potentially toxic thermal degradation products formed. The levels of formed carbonyls in ECIG
aerosols are usually much lower than those generated by cigarettes, but with high-voltage settings the

https://doi.org/10.1183/13993003.01151-2018 6

ERS TASK FORCE REPORT | R. BALS ET AL.



concentration of carbonyls can be as high, or higher, than those produced from cigarettes. However,
research on the generation of carbonyls and other thermal degradation products with high-voltage
batteries and high temperatures have been conducted with smoking machines, and there is some evidence
that ECIG users will rarely operate ECIG devices under these conditions due to the potentially adverse
taste of the aerosol [68].

Heating of the coils and the wick, as well as solders, can release metals into the aerosol, such as nickel and
chromium (from nichrome coils), cadmium, manganese, lead, silver, tin and silicates [97]. While exposure
to metals can be toxic, the levels of metals in the aerosol are generally quite low and the risk of toxicity is
likely low. In addition, metals in the aerosol may be released as nanoparticles [98]. Heating of the liquids
generates oxidising chemicals, including reactive oxygen species. Levels of oxidants are reported to be
orders of magnitude lower than those in cigarette smoke, but higher than that of air pollution [99].
However, oxidant generation has been reported for only a few products and use conditions.

The ECIG generates a vapour that rapidly condenses to an aerosol (particles suspended in a gas) when
leaving the device. The particles exhibit a bimodal size distribution [98]. The larger particles appear to
consist of liquid (primarily propylene glycol and vegetable glycerine), which vapourise quickly in the air
or are absorbed quickly in the lung. Very fine particles (nanoparticles), thought to consist of semivolatile
chemicals and possibly metals generated near the hot coil, are also generated and persist longer as particles
than the larger liquid particles.

Health effects
This section discusses data from studies with health effects as the main outcome; other sections of the
statement also discuss health effects of ECIGs. Only a few studies have addressed the effects of ECIGs on
users, often referred to as vapers. A human study (30 smokers versus controls) showed that acute inhalation
of ECIG vapour increased respiratory impedance and airway resistance, but did not immediately impact
forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) ratio [100]. Another study showed an
acute effect of ECIGs on airway resistance, showing increasing of airway resistance in asthmatic smokers,
healthy smokers and never-smokers (ECIGs with and without nicotine) [101]. A separate study with
15 smokers and 15 controls found no effect of acute ECIG exposure on lung function as determined by
FEV1/FVC ratio [102]. Two studies (1-year prospective and retrospective evaluation) showed improvements
in lung function and symptoms in smokers who switched to vaping [103, 104]. Of note, these studies
contain small group sizes and some originate from the same research group. Authors of references
[103, 104, 108, 109] reported conflicts of interest with companies involved in ECIG manufacturing.

To date, human ECIG studies have reported an acute increase in heart rate, probably secondary to the
acute effects of nicotine exposure [105, 106]. An ECG study found that acute ECIG exposure did not
impair myocardial relaxation, in contrast to conventional cigarettes [107]. While ECIG use may acutely
increase blood pressure, smokers with hypertension who reduced or quit smoking by ECIG use had a
significant reduction in blood pressure in two small studies [108, 109].

Several studies of the acute cardiovascular effects of ECIGs have been reported. One study found that
ECIG use acutely increased aortic stiffness, while another found no change in aortic stiffness [110, 111].
Endothelial unction, assessed by flow-mediated dilation, was impaired by cigarette smoking and ECIG use,
with ECIG use having a smaller effect [112]. The effects may be related to effects of nicotine, oxidative
stress and/or particulates. ECIG use acutely increases circulating levels of endothelial progenitor cells,
which may be evidence of endothelial injury, but can also be an acute effect of nicotine [113]. However, in
this study ECIG use did not increase microvesicles associated with activation of inflammation or platelet
activation, which are major mechanisms of smoking-induced cardiovascular injury. Reduced heart rate
variability was reported in a study of regular ECIG users [114]. While reduced heart rate variability is a
predictor of future cardiovascular events, it is likely that this is a consequence of underlying disease, rather
than acute changes in heart variability (reflecting sympathetic stimulation) being a determinant of future
cardiovascular events. Additionally, this study reported increased levels of oxidised LDL, consistent with
increased oxidative stress, but no effect on biomarkers of inflammation. Nothing is known about the
long-term effects of chronic ECIG use on lung or cardiovascular function in humans.

Toxicity of constituents
Nicotine
Nicotine is an important constituent of ECIGs, and therefore evaluation of its effects is discussed
separately. While most adult consumers choose e-liquids that contain nicotine, many younger users may
choose nicotine-free liquids [115]. In one study, ECIGs were found to release up to 93 µg of nicotine per
puff, compared to 147 µg per puff for a conventional cigarette [116], but this may vary significantly
between ECIG devices and liquids.
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Effects of nicotine are mediated by nicotinic acetylcholine receptors (nAChRs). Nicotinic receptors have
been most intensely studied with respect to psychoactive effects or in neurological diseases, yet they are
also widely expressed in a variety of cell types, including immune cells, epithelial cells, endothelial cells
and adipocytes and keratinocytes [117]. In the lung, nicotinic receptors are abundantly present in
epithelial cells [118, 119]. The bronchiolar epithelium expresses the α3, α4, α5, α7, α9, β2 and β4 subunits
of nAChRs [120–122]. This expression is most intense on the apical surface [123], where exposure to
nicotine mainly occurs [124]. Moreover, activation of these receptors triggers protease expression [125],
mucin production [126] and smooth muscle contraction [127, 128], which mediate airway obstruction
[129, 130]. Increasing evidence indicates that the expression of these receptors, in particular α7nAChR,
could play a pivotal role in the development of COPD [131]. The α7nAChR regulates epithelial cell
proliferation [132], differentiation [123] and mediates intracellular calcium ion influx [133], which
activates protein kinase C (PKC) [134]. In addition, nicotine-induced α7nAChR activation decreases
cystic fibrosis transmembrane receptor channel activity in the airway epithelium [131], thereby increasing
mucus viscosity.

Consequences of nicotine inhalation
Nicotine promotes proliferation of airway smooth muscle [135, 136] and epithelial cells [137], which may
contribute to small airway remodelling in COPD. Despite these findings, few studies have directly
examined the impact of nicotine inhalation alone on emphysema in the adult lung. In elastase-treated rats,
cigarette smoke from high-dose nicotine-containing cigarettes does induce more emphysematous changes
than smoke from low-dose nicotine cigarettes [138]. Several animal studies have demonstrated that
nicotine exposure alone could induce pathogenic responses similar to those that occur in COPD.
Intranasal administration of nicotine in mice resulted in impaired autophagy, enhanced oxidative stress
and bronchial epithelial cell apoptosis [61, 139]. Thus, acute exposure to nicotine in mice induced lung
processes that play a central role in the development of COPD in humans [140].

As noted previously, very few studies have evaluated how chronic nicotine inhalation impacts the
development of lung disease. One recent study in mice examined the effects of a 4-month exposure to a
nicotine-containing ECIG aerosol in mice. The study found that mice exposed to an ECIG aerosol
containing nicotine developed airway hyperresponsiveness and histological changes consistent with
emphysema, while mice exposed to the same aerosol without nicotine showed no pathological changes
[71]. The emphysema that resulted from this exposure was similar to that reported in cigarette
smoke-exposed mice [141]. In addition, the study found that airborne exposure to nicotine impaired ion
conductance and ciliary function, and increased cytokine release in normal human bronchial epithelial
cells [71]. Aside from this inhalational study, it has been shown that chronic intraperitoneal injection of
nicotine induced emphysematous changes in A/J mice [142]. These studies provide early evidence
implicating nicotine as a potential aetiological factor in the pathogenesis of COPD. It needs to be noted
that the animals in these studies received high nicotine doses that may not correspond to human exposure.
Further studies are needed to establish effects of nicotine on the human lung that may be relevant for
obstructive lung diseases.

Nicotine suppresses apoptosis in lung tumours through PKC activation [143]. Although it is not a
carcinogen, nicotine promotes tumour proliferation [144] and chemotherapeutic resistance [145]. Some
animal studies have implicated nicotine [146], but others found that nicotine had no impact on
tumourigenesis [147, 148].

While animal studies suggest that nicotine may contribute to COPD and cancer, human epidemiological
studies on smokeless tobacco users do not find evidence of such effects. Smokeless tobacco (snus) exposes
the user to as much nicotine as cigarette smoking, but without exposing the user to toxic products of
combustion and avoiding a topical exposure of the lung. In some countries like Sweden, snus use is
common, especially in males. Swedish snus delivers high levels of nicotine with relatively low levels of
carcinogenic nitrosamines. Swedish males have the lowest smoking prevalence and the lowest lung cancer
and COPD rates of any European country [149]. Aside from pancreatic and oesophageal cancer, which are
probably nitrosamine-mediated, there is no increased incidence in any other cancer compared to
nontobacco users in Sweden [150]. This suggests that nicotine, at least in an oral form without inhalation,
is not a major cause of cancer or COPD in people. However, a study of survival in prostate cancer patients
found that both cancer-related and total mortality was higher to a small but significant extent in either
exclusive smoker or exclusive snus users [151].

The level of nicotine generated by ECIGs depends on the device and amount of nicotine in the liquid. The
first-generation cigarette-like devices delivered low levels of nicotine, while the more advanced devices can
deliver levels similar to cigarettes [152–154]. Cotinine levels in regular vapers have been reported to be
similar to those of smokers, suggesting comparable levels of nicotine exposure [155, 156]. Of note, users of
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high battery voltage, advanced devices with low nicotine content liquids have similar cotinine levels to
users of lower voltage devices with much higher nicotine content, reflecting titration of desired nicotine
levels in the body [155].

The primary pharmacological effect of nicotine is sympathetic neural stimulation [157]. Such actions could
contribute to acute cardiovascular events and accelerated atherosclerosis. Epidemiological studies of
Swedish snus users who, as noted above, are exposed to nicotine without combustion products, find no
increase in overall rate of myocardial infarction or stroke, and no evidence of accelerated atherosclerosis
based on carotid intima thickness, but do find a small but significant increased mortality after myocardial
infarction [158]. One study found that in the 2 years after myocardial infarction, mortality in snus users
who continued to use snus was substantially higher than that of those who quit snus [159]. The presence
of confounding cannot be excluded in this retrospective study. Overall, based on studies of Swedish snus
users, who are exposed to high levels of nicotine without combustion products, and studies of long-term
users of nicotine medications, nicotine appears to have little cardiovascular toxicity in healthy individuals,
but may pose some risk in those with underlying cardiovascular disease [158–163]. It should be noted
that no data exist on a direct comparison of ECIGs, conventional cigarettes and snus, and that the role
of the route of exposure is unknown. Nicotine has adverse reproductive effects, including a fetal
neuroteratogenicity, impaired fetal lung development and complications of pregnancy, including premature
birth, low birthweight and pre-eclampsia, and possibly impaired wound healing [164, 165]. Minor tobacco
alkaloids have nicotine-like activity and tobacco-specific nitrosamines are carcinogenic. These substances
may be present in ECIG vapour, but at lower levels than conventional cigarettes.

Propylene glycol and vegetable glycerine
Propylene glycol and vegetable glycerine are common food additives, and propylene glycol has been used
as a diluent in parenteral medications and in some medicinal inhalers. propylene glycol is also used to
produce fog in theatrical productions and in that context has been reported to produce respiratory
irritation [166]. Animal studies of the inhalational toxicity of propylene glycol have reported relatively few
adverse effects [167]. As noted previously, temperature-dependent thermal degradation of propylene glycol
and vegetable glycerine results in formation of potentially toxic aldehydes including acetaldehyde,
formaldehyde and acrolein. Such aldehydes in adequate concentration can be irritants, can be carcinogenic
and can contribute to cardiovascular and pulmonary toxicity [168, 169]. Generally, concentrations of these
aldehydes n ECIG aerosol are much lower than those in cigarette smoke, but can be quite high under
conditions of high heating coil temperature devices or during “dry puffing”, i.e. when the liquid overheats
and the wick dries out. Whether users will actually use devices that generate high levels of aldehydes,
including “dry puffs”, has been questioned because the resultant aerosol is harsh and unpleasant tasting.
Human exposure studies of urine metabolites of acrolein, a thermal degradation product of propylene
glycol and vegetable glycerine, find levels much lower than those of smokers and similar to those of
nonsmokers, suggesting that actual exposure levels are low [170–173].

Oxidising chemicals
Oxidising chemicals can damage cell membranes, produce endothelial dysfunction and inflammation,
promote atherogenesis and activate thrombogenesis. Oxidising chemicals are thought to be the major
contributors to cardiovascular disease in smokers [174, 175]. Reported levels of oxidants in ECIG aerosol
are much lower than those generated by cigarettes [99]. However as noted previously, relatively few
different ECIG devices have been tested, so the range of exposure levels is unknown.

Particles and metals
Particle exposure from cigarettes and from air pollution is associated with increased incidence of
cardiovascular disease [176]. Particles have irritant and oxidant effects as described earlier, and can affect
cardiac autonomic function. However, the composition of ECIG particles is quite different from that of
particles generated by combustion of organic materials. The latter are much more complex and include
solid carbonaceous materials. Nanoparticles are of concern because they are more persistent, and some
nanoparticles are known to cross capillaries in the lung and enter the systemic circulation. The hazards
posed by nanoparticles generated by ECIGs are unknown at this time.

Metals are released from heating coils and possibly from other components of the device [97, 177, 178].
Metals such as cadmium, nickel and chromium in high concentrations are carcinogenic and can cause
cardiovascular and/or pulmonary disease. Levels of metals in ECIG aerosols are typically lower than those
from cigarettes. Larger metal particles have been found in some liquids, and such particles could
potentially cause pulmonary toxicity [177]. The chemical composition of the vapour phase, which is
probably different from that of the liquid phase, has still not been studied in depth.
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Flavorants
Several flavour constituents are of toxicological concern. Benzaldehyde and cinnamaldehyde are irritants
and are cytotoxic, and are of concern in terms of chronic respiratory effects [88, 89]. Diacetyl, acetyl
propionyl and acetoin have been associated with pulmonary inflammation and injury, including
bronchiolitis obliterans [87, 179, 180]. Diacetyl is an example of a flavouring substance that has been
approved and is safe when ingested, but has established adverse health effects upon inhalation. Diacetyl
was found to be present in a substantial proportion of sweet-flavoured ECIG liquids [90], but at much
lower levels than those in cigarette smoke (>6700 μg per day [181]). There is evidence that some
flavouring chemicals undergo thermal degradation, which could be a source of other toxic organic
chemicals [96].

Due to the large number of available flavourings, a detailed toxicological evaluation of each component is
not available, leaving the health effects of many ECIG flavourings largely unknown.

Human health effects
There have been few systematic studies of the health effects of ECIG use. Health effect studies are difficult
to design because most ECIG users are either past or current cigarette smokers. Short-term, experimental
use of ECIGs has been shown to have acute effects on airways physiology and respiratory symptoms in
COPD smokers, asthmatic smokers, “healthy” smokers and healthy never-smokers [101]. Common adverse
effects include throat irritation and cough [182]. Experimental studies on the effect of ECIGs on heart rate
and blood pressure are discussed in the health effects section. In vitro platelet activation has been reported
after exposure to ECIG extracts, similar to effects of tobacco smoke extract [183]. However, another study
examined microvesicle release in vivo after ECIG use and found no evidence of markers of activation of
leukocytes (reflecting inflammation) or platelet activation [113]. In a small cross-sectional study, LDL
oxidisability was increased in ECIG users when compared to nonusers, consistent with elevated oxidant
stress, but there were no differences in C-reactive protein or fibrinogen levels, markers of inflammation
[114]. Acute pulmonary effects include increased dynamic airway compliance, which could be a result of
lung irritation. Various studies in which cigarette smokers switched to vaping exclusively or who vaped
and smoked fewer cigarettes per day have reported benefits consistent with harm reduction. After
switching, smokers with hypertension had lower blood pressure [108, 109]; those with asthma and COPD
had improved pulmonary function and symptoms [104, 184]; and smokers without COPD demonstrated
improved pulmonary small airway flow [103]. In contrast, another study showed that acute use of ECIGs
in smokers with or without asthma results in cough and decreased lung function [101]. Smokers who
switched to vaping reported a reduction in upper respiratory tract infections [185], but the finding is based
on an online survey of vapers and needs to be interpreted with caution. In contrast, one study has
reported an association between ECIG use in adolescents and chronic bronchitis symptoms, although there
was no association when controlling for smoking status [186]. One case of atrial fibrillation associated
with ECIG use has been reported [187].

Nicotine in high concentrations is extremely toxic and potentially fatal. A number of cases of nicotine
toxicity and some deaths in children who ingested nicotine-containing e-liquids have been reported [188].
Poison centres have received numerous calls about nicotine toxicity from e-liquids, including inhalation,
dermal exposure and ingestion [189, 190]. Cases of exploding ECIG batteries, some associated with serious
burns, have been reported [191].

Conclusion
ECIG aerosol contains a number of potentially toxic chemicals. The composition and probably the toxicity
of ECIG aerosols varies considerably across devices and liquids. Experimental human studies demonstrate
acute cardiovascular effects consistent with stimulant effects of nicotine, but there is a lack of studies
evaluating the long-term effects of ECIGs. Evidence that ECIGs use cause disease in users is lacking, but
the products have not been in use long enough to observe possible chronic disease associations. Most
ECIG users are former and current smokers, making causation difficult to establish. As compared to
conventional cigarettes, the chemicals found in the vapour are fewer and generally in much lower
concentrations. A few studies with limited numbers of participants suggest short-term harm reduction in
smokers with COPD, who have completely switched to the use of ECIGs or who smoke fewer cigarettes
per day. In this area, numerous publications have been published from only a few groups of authors,
which might introduce the possibility of research subjectivity. Due to the lack of long-term studies, no
conclusions are available on the long-term effects of switching.

Second-hand exposure
Unlike tobacco cigarettes, ECIGs do not produce side-stream emissions, and therefore bystanders are only
exposed to chemicals that are exhaled by vapers into the indoor environment [192]. Most of the pollutants
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that occur in ECIG aerosols are retained in the respiratory tract of the user, but a fraction of the toxicants
in exhaled vapour may also impact nonusers through second-hand exposures. Several studies have
confirmed the presence of harmful substances in passive vapour during ECIG use, including nicotine
[193], fine and ultrafine particles [194–197], polycyclic aromatic hydrocarbons [195, 198], metals (e.g.
nickel, zinc, silver) [199], reactive oxygen species [49] and volatile organic compounds [195, 196, 200].
SOULE et al. [201] recently showed that ECIG use can generate fine particles (with a 50% cut-off diameter
of 2.5 μm) in high concentrations during natural use conditions in indoor environments (average mean
607.12 μg·m−3). A study monitoring fine-particle air concentrations in homes of low-income families
identified no air pollution from vaping (while conventional cigarettes, use of candles, etc. did contribute to
indoor air pollution) [202]. This effect is caused by the evaporation of the liquid particles in the lung of
the user and in the environment after exhalation. Depending on exposure conditions (e.g. room size,
number of vapers), bystanders of ECIG users may experience irritation of the throat, nose and eyes when a
number of people vape in close proximity. Nicotine analysis in oral fluids of nonusers exposed to ECIG
aerosols confirmed passive uptake of nicotine during vaping activity [203], although at much lower levels
than passive exposure to conventional cigarettes [204, 205]. The amount of nicotine exhaled by ECIG
users into the indoor environment varies greatly and depends on the device and nicotine concentration in
the e-liquid. First-generation ECIG devices deliver less nicotine than late-generation devices, whereas more
advanced devices with larger liquid reservoirs and higher voltage batteries produce larger amounts of
aerosol and can deliver as much nicotine as a tobacco cigarette to users in the mainstream vapour [105,
152, 206]. Currently there are no studies that analyse the nicotine exposure to bystanders during the use of
third-generation devices (mods) or tank models in small indoor environments (e.g. passenger
compartments of cars). Nicotine released from ECIGs can stick to various surfaces [207] and may
contribute to passive exposure by subsequent desorption from surfaces to indoor air [208], but whether
this could result in levels that could pose any risks is not known.

Conclusion
The harm potential of second-hand exposure to ECIG aerosols is currently not known. Potential health
risks for bystanders are strongly dependent on the individual exposure conditions, such as the composition
of the e-liquids used, the vaping topography of the ECIG users, the number of vapers, the dimensions of
the room, the amount of ventilation, and the duration of exposure. While it is highly likely that
involuntary indoor exposure to ECIG chemicals is much less hazardous than exposure to second-hand
cigarette smoke, it is possible that such exposure could present a potential health risk, especially to
vulnerable populations, including children, pregnant women and people with cardiovascular or respiratory
impairments. More research is needed in order to allow for a solid risk assessment.

ECIGs as a tool for smoking cessation
The effects of ECIGs on smoking cessation can be examined in two different ways. One approach
examines the effects of ECIGs as part of a smoking cessation treatment in which they are provided
proactively by healthcare professionals. The other is to assess effects of ECIG use by smokers who
purchase them as consumer products. The general view and use of ECIGs as a quitting tool varies between
different countries.

Effects of vaping in the treatment context
Only three randomised studies addressed this issue [209–212], and the available evidence is much weaker
than the evidence available for licensed stop-smoking medications. A Cochrane meta-analysis [213] of two
trials that used early ECIG models with poor nicotine delivery but provided long-term outcomes found
evidence that ECIGs help smokers quit compared with placebo ECIGs, with one trial showing the same
(low) effect for ECIGs and for the nicotine patch [211]. The small number of trials, low event rates and
wide confidence intervals around the estimates mean that the confidence in the result is rated “low” by
GRADE (Grading of Recommendations, Assessment, Development and Evaluations) classification of the
quality of evidence, but the uncertainty concerns the size rather than the direction of the effect. This is
because there are >100 randomised trials of nicotine replacement treatments that show that a provision of
an alternative source of nicotine helps smokers to quit [214]. The third randomised controlled trial only
had a 2-month outcome and so was not included in the meta-analysis, but it showed a significant effect of
a more advanced ECIG product [212].

Five intervention studies provided smokers with ECIGs and followed them up for ⩾6 months [209, 215–
218]. All reported good abstinence rates (36–40%) or reduction of cigarette consumption (50–80%); some
in populations that are normally hard-to-reach, such as smokers not wanting to quit [217] and
schizophrenic patients [209, 219]. The outcomes of this last group of studies are difficult to interpret
because of the absence of control groups or small group sizes. In addition, several of these publications
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originated from the same group. A recent “pragmatic trial” applying different protocols for smoking
cessation in a cohort of 6131 smokers found no significant effect of ECIGs as compared to the usual-care
group [220]. At the present time, the evidence for licensed stop-smoking medications is stronger. Authors
of references [209, 210, 216, 217, 219] reported conflicts of interest with companies involves in ECIG
manufacturing.

Effects of vaping on smoking cessation on the population level
Extrapolated data from the cross-sectional survey of EU citizens in 2015 (Eurobarometer survey data)
suggest that an estimated 6.1 million people in Europe report that ECIGs helped them to stop smoking
[39]. Some would have stopped anyway, with other methods or unaided, but analyses of trends in quitting
outcomes and ECIG impact in England suggest a net benefit [221, 222]. The most recent Eurobarometer
data show that among ex-smokers in Europe, 7% had quit with the help of licensed stop-smoking
medications and 6% quit with the help of ECIGs [23]. Of note, the Eurobarometer data are a collection of
surveys and often not analysed in detail. The most recent UK survey estimates (population forecast based
on prevalence) that there are currently 1.5 million ex-smokers in Great Britain alone who switched
completely to vaping [223]. The rise in vaping experimentation among the youth is considered alarming
by some authorities [224], but in France, UK and USA where data on smoking and vaping exist, the rise
in vaping has been accompanied by a decline rather than an increase in smoking prevalence, particularly
among young people [225–227]. The increase in ECIG use among US adult smokers has been associated
with a statistically significant increase in the smoking cessation rate at the population level [228].
Compared to smokers who did not use ECIGs, those who did use ECIGs were more likely to have tried to
quit (40.1% versus 65.1%) and more likely to have quit successfully (4.8% versus 8.2%). These results could
have been confounded by factors such as increased education, population awareness and other traditional
tobacco control factors, and ongoing monitoring is needed.

Two reports provided quit rates in smokers who used different quitting methods at their last serious quit
attempt [229, 230]. In both cases, quit rates with ECIGs were significantly higher than quit rates with
other methods. This needs to be interpreted cautiously because treatments were self-selected.

Finally, several studies recruited smokers who had never tried ECIGs and smokers who did try ECIGs but
continued to smoke, and reported their smoking status at a later stage. A systematic review and
meta-analysis of a number of studies that have examined the association between ECIG use and smoking
cessation reported that ECIG use was associated overall with a significant 28% decrease in smoking
cessation in the general population [231]. Other researchers have commented that the findings may be
artefactual because many of the studies excluded vapers who had successfully stopped smoking from the
sample at baseline [232]. A meta-analysis on ECIGs and smoking cessation in real-world and clinical
settings showed that ECIGs use is associated with significantly less quitting among smokers [231]. The
results of these meta-analyses come to opposing conclusions to the more recent USA longitudinal study
finding that ECIG use increases the likelihood of stopping smoking, as discussed earlier [228]. Data from a
prospective US cohort (random sample of 1284 smokers) showed no increased cessation rates [233].

More data on the effectiveness of ECIGs as a quitting tool on the population level will emerge when
comparisons of trends in smoking prevalence and cigarette sales in countries that allow and countries that
ban ECIGs become available.

Conclusion
At a population level, a number of smokers claim to have successfully stopped smoking using ECIGs.
Observational studies have obvious limitations and cannot rule out the effects of self-selection. Controlled
studies are needed to compare the putative effectiveness of ECIGs to the proven effectiveness of other
cessation interventions to substantiate these uncontrolled observations. In the treatment context, only a
few relevant studies have been published so far. Early models of ECIGs have shown a limited yet
significant long-term efficacy in two randomised controlled trials and a more advanced ECIG type showed
a significant short-term effect. In contrast, another study comparing different cessation approached found
no significant effect of ECIGs. The evidence is limited and further studies are needed, especially studies
that compare ECIGs with licensed stop-smoking treatments.

Behavioural aspects and social impacts of ECIGs
This section deals with the evidence regarding potential consequences of ECIG use, i.e. the impact of
ECIGs on the social perception of smoking and with the potential interplay of ECIG use and tobacco use.
The central question with regards to the social perception of smoking was whether ECIG use in public
places leads to renormalisation of tobacco smoking. Central questions concerning the interplay between
ECIGs and tobacco use were 1) whether ECIG use deters smoking cessation; 2) whether and why ECIG
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users continue using conventional cigarettes (dual use), which would not necessarily be associated with
reduced health risks; and 3) whether ECIGs act as a gateway to smoking initiation for youths.

Effect of ECIGs on renormalisation of smoking
Only two articles directly or indirectly investigated whether ECIGs might lead to a renormalisation of
smoking. One experimental study in US-Americans studied reactions to depictions of vaping in ECIG
commercials and found an increase in the urge to smoke in current cigarette smokers, and a lower
intention to continue abstaining from smoking in former smokers, indicating that visual depictions of
vaping might increase cigarette consumption and smoking rates [234]. A cross-sectional study in
US-American adolescents reported an association between a social environment favourable to ECIG use
and susceptibility to cigarette use independent of respondents’ own ECIG use, suggesting that an increase
in ECIG use might be followed by an increase in cigarette use in adolescents through mechanisms of social
normalisation [235].

Does ECIG use deter smoking cessation?
As noted previously, a meta-analysis of a number of different types of studies has reported that ECIG use
is associated with a decreased likelihood of smoking cessation [231]. However, some methodological
concerns about the studies and analysis have been raised [232]. Several studies indicated that the intention
to quit smoking is one of the main reasons reported by adults for initiating ECIG use [42, 236–239]. In
addition, studies show that ECIG use is associated with quit intentions [36, 240] and that ECIG users are
more likely to have tried unsuccessfully to quit smoking in the past [241, 242]. Indeed, those who use
ECIGs to quit smoking are more likely to reduce or quit tobacco use [36, 238], and longer duration of
ECIG use has been shown to conicide with decreases in daily consumption of cigarettes [243]. Regularity
of use seems to be critical as well. Daily use is associated with increased likelihood of quitting, while
intermittent use has been associated with a reduced likelihood of quitting [244, 245]. Certain use
characteristics and expectancies seem to moderate behavioural changes, as one cross-sectional study found
positive ECIG expectancies among users to be associated with a greater likelihood of having quit smoking
[238], and one longitudinal study indicated that smokers who found ECIGs more satisfying were more
likely to reduce or quit smoking [246]. Product characteristics may also be important; for example, one
study found the number of flavours used to be independently associated with smoking cessation [247].
However, the interplay between smoking and ECIG use might be different among young adults, as two
studies reported that ECIG use among college students appears to be motivated by enjoyment rather than
by the desire to quit smoking [248, 249]. A recent study based on representative population surveys found
that ECIG use is associated with increased quit attempts and increased quitting success at a population
level [228].

Does ECIG use co-occur with smoking (dual use)?
Several cross-sectional studies have investigated correlates of dual use, i.e. concomitant use of ECIG and
tobacco cigarettes, reporting very different prevalences of dual use. The combination of ECIGs and
cigarettes was less common than other dual tobacco product use (such as cigarettes + filtered cigars and
cigarettes + waterpipe) among young US-Americans in a survey from 2010/2011 [250]. However, the
PATH study found that 37.4% of adults and 43% of youths used multiple nicotine products, the most
common combination being cigarettes and ECIGs [6]. Other surveys have showed comparably high
prevalence of dual use, with more than half of all ECIG users concomitantly smoking cigarettes in a
survey among youths in the US [251] and in a survey among youths in Poland [252]. A German study
reported a dual use prevalence of ∼50% [253]. However, a large worldwide online survey among adults
revealed dual use among roughly one-fifth of ECIG users [247], and a similar prevalence was found
among adults in a US-American online survey [238]. Correlates of use were quite inconsistent. The dual
users among US-youths generally had a higher prevalence of current tobacco product use and lower harm
perceptions for these products [251]. The findings of the Polish study suggested that adolescent dual users
are more addicted to nicotine in view of their smoking behaviour (e.g. time to first cigarette, smoking
intensity) [252], a finding supported by a study from Germany, in which adult dual users had significantly
higher scores in the Fagerström test for nicotine dependence [253]. The aforementioned large worldwide
online survey among adult ECIG users indicated that dual use was associated with higher risk perceptions
about ECIGs and less frequent ECIG use [247]. This is supported by the results of the US-American
online survey, which showed dual use being associated with negative expectancies about ECIGs, such as
ECIGs being addictive, physically irritating and less satisfying [238]. Dual users in another US-American
study described ECIGs as less harmful and addictive, but less enjoyable than tobacco cigarettes [236].
A study of ECIG use among stable smokers showed that these dual users possess characteristics that are
associated with difficulty in achieving smoking cessation [242], which is also supported by a German
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study in which dual users had lower self-efficacy for abstinence, lower quit intention and higher cravings
than those using only ECIGs [253].

ECIGs as a potential gateway to smoking
Quite a few studies have investigated whether ECIG use is associated with the later use of more harmful
tobacco products, such as cigarettes; most of them were conducted in the USA or the UK. Several mostly
cross-sectional studies found higher susceptibility to trying cigarettes among adolescent or young adult
ECIG users who had never smoked cigarettes [235, 254–258], while others found tobacco use to be a
predictor of intention to use ECIGs [259, 260]. Several cross-sectional studies found an association
between ECIG use and smoking [260–266]. One study suggested that ECIG use leads to tobacco smoking
[261], while others indicate that tobacco use is a risk factor for ECIG use [260, 262, 263, 266]. One study
did not support an association between ECIG and cigarette use [267]. In longitudinal studies, and in a
meta-analysis of many of the studies, ECIG users were more likely to try cigarettes than nonusers of
ECIGs [235, 256, 268–270]. A recent meta-analysis on longitudinal studies on the initial use of ECIGs and
subsequent cigarette smoking found that ECIG use was associated with greater risk for subsequent
cigarette smoking initiation and past 30-day cigarette smoking [271]. A meta-analysis on ECIG use and
intention to cigarette smoking among never-smoking adolescents and young adults showed that previous
ECIG use was associated with increased smoking intention [272]. While this might be considered as
evidence supporting the gateway hypothesis, it is possible that these studies did not control sufficiently for
other characteristics confounding the association, such as common liability factors influencing the
susceptibility to experiment with substances, including alcohol, cannabis and other tobacco products [273].
Such an alternative explanation is supported by studies finding associations between ECIG use and use of
other legal and illegal substances in general [262, 264, 265, 274], and by studies demonstrating that
cigarette and ECIG users share common risk factors, such as peer smoking, parental smoking and higher
sensation-seeking [18, 275, 276].

Conclusion
Regarding the question of renormalisation of smoking through ECIGs, there is still limited evidence due to
a lack of studies. No evidence was found for the view that ECIGs might deter smoking cessation, but only
a few studies were available on this matter. The available studies rather suggest that smokers often use
ECIGs to aid in smoking cessation, at least among adults. The inconsistency in characteristics correlated
with dual use suggests that a diverse group of smokers and ECIG users is gathered in this category: those
who want to quit smoking with ECIGs and for whom dual use represents a transition phase; those who
fail to quit smoking completely; and those who, for a variety of reasons, do not want to switch to ECIGs
completely. For the gateway hypothesis, there are not enough methodologically strong data to draw
definite conclusions. While most longitudinal studies find a strong association between adolescent ECIG
use and the likelihood of later cigarette smoking, their designs and methodological shortcomings do not
prove a gateway effect as opposed to a common liability to substance use. Likely alternative explanations
supported by the literature are that shared risk factors (such as parent smoking, peer smoking, other drug
use and sensation-seeking) make these adolescents generally more inclined to experiment with substances.
Furthermore, there are no data on the question on duration of cigarette smoking in those who initiated
tobacco with ECIGs. To conclude, the leading questions concerning the undesirable consequences of ECIG
use could not be answered unequivocally, as the evidence base thus far is still insufficient. More
longitudinal and methodologically sound studies are needed to understand potential long-term behavioural
impacts of ECIG use, and a continuous monitoring of the potential societal and public health effects of
increasing ECIG use seems justified. Recent data show that there is sufficient evidence to conclude on
ECIGs as gateway to smoking initiation in children.

ECIG user perspectives
Studies within the wider empirical literature review that contained user perspectives were identified by the
work groups reviewing the literature. Of these, 16 studies [253, 277–286], incorporating views on attitudes,
beliefs and motivations relating to ECIGs were reviewed using thematic content analysis. All of these
studies used focus groups, questionnaires, surveys or interviews as their central methodology, with views
taken from a wide range of participants, including current smokers, former smokers, ECIG ever-users and
dual users, and across varied age groups, from school-aged children to adults.

Benefits
In the studies analysed, the main benefits of ECIGs versus traditional tobacco cigarettes expressed by users
included being a healthier option, being a useful aid when trying to reduce or quit smoking; receiving a
more positive reaction from friends and family; a lack of odour; and the added flexibility of being able use
them in places where smoking is banned or unacceptable. In one retrospective survey [279], participants
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reported improvements in pre-existing respiratory symptoms (including asthma and chronic obstructive
lung disease).

Side-effects
Participants in two studies [279, 287] revealed common side-effects such as dryness of the mouth and
throat [183].

Reasons for starting and stopping
One of the main reasons for trying ECIGs described across four studies [43, 277, 287, 288] was curiosity,
particularly for young adults among whom experimentation levels were higher than older users. For older
users, as well as current and ex-smokers, the potential for ECIGs to help reduce or quit traditional tobacco
products was one of the main reasons given in several studies [42, 43, 281–283, 285, 287, 289].

Other frequently expressed reasons for trying and using ECIGs included the attraction of the flavour
options and the approval of family and friends who saw them as an improvement on traditional cigarettes.
Some users also saw them as a recreational product, with young people in one study specifically viewing
them as part of the ever-growing technological culture in their daily lives [284].

Three studies [42, 43, 290] explored the reasons behind users stopping using ECIGs, which included loss
of interest, health concerns and the perception that they were not fashionable. According to recent 2017
Eurobarometer data, 55% of respondents think that ECIGs are harmful to the health of their users [23].

Lack of information
In three studies [278, 284, 287], users expressed low levels of knowledge about ECIGs, including their
ingredients and long-term effects. There were also some individual concerns expressed about monitoring,
regulation and safety.

Areas for further research
Areas indicated in these studies for further research in the view of the users included the motivations of
young people and their experimental behaviour with ECIGs; the extent to which flavours and nicotine
content contribute to initiation and regular use; exploration of the social norms surrounding ECIGs; the
possible role/potential as a harm-reduction or cessation tool among adult smokers; and to understand the
context and nature of use among the next generation, as this may be quite different to use among current
teenagers.

Conclusions
The scientific field of ECIGs is complex and grows quickly. In parallel, new products to replace
conventional cigarettes and current ECIGs are being developed continually by the industry. Therefore,
whereas the literature review within this statement is a snapshot of the present situation, it does highlight
several important issues regarding the use of ECIGs. The main conclusions of this statement are as follows.

• The use of ECIGs has increased in the past few years in adults and adolescents. In adults and
especially in adolescents, regular use of ECIGs is largely limited to current or ex-smokers.

• ECIG aerosol contains potentially toxic chemicals. There is a lack of data on their long-term effects
and thus the toxicity of ECIGs remains to be determined. Therefore, at the present time it cannot be
concluded that long-term use of ECIGs is safer than that of tobacco products.

• Second-hand exposure to ECIG chemicals may represent a potential risk, especially to vulnerable
populations. There are a limited number of studies on second-hand exposures to ECIGs, and they do
not provide sufficient evidence enough to exclude a potential risk.

• The use of ECIGs as a smoking cessation tool is insufficiently supported by controlled clinical trials.
In the treatment context, only a few relevant studies of early ECIG types have been published so far.
They show a small positive effect, but further studies are needed to evaluate the usefulness of current
ECIG products as cessation tools. There is a lack of evidence that ECIGs are an aid to smoking
cessation and there is a lack of studies that compare ECIG as smoking cessation tool to other
approaches to smoking cessation.

• So far, there are not sufficient data to exclude that the use of ECIGs results in a renormalisation of
smoking or for the gateway hypothesis in adults. Recent data show that there is sufficient evidence to
conclude on ECIGs as gateway to smoking initiation in children.

• Experiments in cell cultures and animal studies show that ECIGs can have multiple negative effects,
but fewer than conventional cigarettes or other tobacco products. One main shortcoming of the
available information on ECIGs is the absence of any long-term data on active and passive exposure.
By implication, it is not possible to exclude that new risks may emerge from ECIG use.
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These conclusions are in line with the FIRS position statement on ECIGs [2] underling the fact that “health
risks of electronic cigarettes have not been adequately studied” and thus “potential benefits to an individual
smoker should be weighed against harm to the population of increased social acceptability of smoking and
use of nicotine”. The task force identified several areas for future independent research, summarised in
table 2. In line with the ERS statement that “human lungs are made to breath clean air and any substance
inhaled long term may be detrimental” [291] and on the basis of the literature analysis, the task force
suggests a cautious use and application of ECIGs to avoid potential health problems or dangers. The area of
ECIGs and novel inhaled devices remains a challenging and interesting field for healthcare providers,
politicians and numerous other stakeholders. More independent and well-controlled studies are needed.
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