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Abstract: 
Electronic cigarettes (ECs) have quickly gained popularity among adolescents and adults, and have begun to replace convention-
al cigarettes as a source of nicotine. Although little is known about the impact of the exposure of chemical constituents of ECs, 
two major constituents, propylene glycol and vegetable glycerin have been implicated as formaldehyde-releasing agents. The wide 
variety of EC flavours appeal to users of all ages with reports showing a positive correlation between EC use and sweet flavorings. 
In addition, although marketing strategies advertise ECs as tools to facilitate smoking cessation, the evidence supporting this role 
is weak. In terms of its effect on users with pre-existing cardiovascular diseases, the data is conflicting regarding whether ECs 
have an impact on cardiovascular function. Although it is obvious that their safety and efficacy needs to be better understood, it 
is nonetheless essential to review what the research conducted so far has shown. 

Despite the prevalence of conventional cigarette smoking by 
adolescents and adults at historically low numbers, public 
health agencies across North America are grappling with 
a new and different type of problem – the use of electronic 
cigarettes (ECs) [1]. The mid to late 2000s saw a rapid increase 
in the use of these battery-powered electronic devices which 
heat liquids (mainly propylene glycol, glycerol, and nicotine 
solution) stored in a disposable cartridge into a vapour form 
for inhalation [2]. This is in contrast to conventional combus-
tible cigarettes which deliver nicotine primarily through the 
burning of tobacco and are widely known as a risk factor for 
several preventable diseases including cardiovascular and pul-
monary diseases, and certain types of cancers [3]. ECs have 
quickly risen in popularity with over 15.4% of the U.S. adult 
population having tried them at least once in the past [4]. Al-
though heavily marketed as a ‘healthy’ alternative to conven-
tional cigarettes due to their ability to deliver nicotine without 
the burning of tobacco and as an inexpensive smoking-cessa-
tion tool, recent evidence questions their safety, leading to the 
introduction of stringent regulations across North America 
[5]. Under the new proposed rules which took effect in 2014, 
the U.S. Food and Drug Administration (FDA) banned the 
sale of ECs to individuals under the age of 18 and regulated 
the sale of ECs as tobacco products [3]. As of 2017, Canada has 
prohibited manufacturing and sale of ECs containing nicotine 
[6]. In spite of such regulations, ECs remain widely available 
online and in retail outlets which calls for the need to better 
understand the effects on both short- and long-term health. 

In a conventional cigarette, majority of the smoke toxicants 
are generated due to the burning or combustion of tobacco 
containing nicotine at temperatures around 700-950 °C [7]. 
The smoke from this reaction contains over 7,000 chemicals, 
69 of which are known carcinogens that have been implicated 
in major diseases [8]. In contrast, ECs differ in product design 
such that they do not burn or contain natural tobacco [9]. In-
stead, they deliver nicotine directly through the heating of the 
EC-liquid solution containing nicotine, flavourings, and other 
products which produce an aerosol of ultrafine particles (often 
called "vapour") which are then inhaled by the user  [9,10] . 
It is still unknown whether these ultrafine particles produce 
similar toxicity effects to those generated by conventional 
cigarette smoke [11]. However, the available evidence sug-
gests that ultrafine particles from air pollution and tobacco 
smoke encourage pulmonary inflammation and consequently 
increase the risk of cardiovascular and respiratory diseases, 
even after short-term exposure [11]. 
 Despite the variability in EC-liquid composition due 
to a wide range of nicotine and flavouring concentrations 
used, two nicotine-solvent compounds, propylene glycol and 
vegetable glycerin, represent the majority of the EC-liquid 
volume [10,12]. Although these two ingredients have been 
approved by the FDA for commercial use, their role in ECs 
has not been well characterized [13]. Evidence has shown that 
repeated exposure to propylene glycol can cause irritation 
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The availability of over 7,000 EC flavours make them one of 
the most frequently used flavoured tobacco product around 
the world [20]. In a 2014 study, 81% of the youth attributed 
the flavour availability as the primary reason for their initial 
use and/or continued use of ECs [21]. Multiple studies have 
found that the addition of flavours increase the palatability 
of the liquid in the ECs [22]. In one study, higher ratings of 
perceived sweetness of different EC flavours were positively 
associated with liking the product [22]. Another study looking 
at EC flavour preferences of a high-school in the U.S. found 
that adolescents were significantly more likely to prefer fla-
vours perceived as sweet, such as “fruit,” “candy/dessert,” and 
“vanilla” compared to adults [23]. In the past, the dispropor-
tionate preference of flavoured tobacco cigarettes by the youth 

Impact of the wide availability of EC flavours 

There is substantial evidence supporting the adverse effects 
of conventional cigarettes on cardiovascular health. A key 
question is whether similar effects are evident with ECs. 
Although oxidative stress and endothelial dysfunction is more 
pronounced with conventional smoking, the use of ECs could 

Effects of ECs on the cardiovascular system  

of the respiratory airways [13]. To make matters worse, the 
degradation of propylene glycol and glycerin during the heat-
ing of ECs in the presence of oxygen produces formaldehyde 
and acetaldehyde, which are known human carcinogens, at 
levels approaching those from conventional cigarettes [14]. In 
comparison, the emission levels of other smoke toxicants such 
as volatile organic compounds and tobacco-specific nitro-
samines remain either undetectable or as a fraction of what 
is typically found in conventional cigarette smoke [14,15]. A 
study looking at EC vapours found that over 2% of the solvent 
molecules from the aerosol vapours were converted from pro-
pylene glycol and glycerol into formaldehyde-releasing agents 
[14]. Although the disposable cartridges themselves have 
shown to have zero or only trace amounts of these harmful 
chemicals, heating of propylene glycol in the EC cartridge 
may result in the formation of these chemicals [16]. Although 
it is unknown how formaldehyde-releasing agents affect the 
respiratory tract, the classification of formaldehyde as a group 
1 carcinogen calls for a more detailed understanding of its 
role in ECs [14]. Results from toxicological studies show the 
presence of formaldehyde in conventional cigarettes as well, 
where it is known to be generated during tobacco combustion 
from saccharides such as sugars and cellulose used as tobacco 
ingredients [17]. If formaldehyde-releasing products from ECs 
do carry the same risk per unit of formaldehyde as gaseous 
formaldehyde from conventional cigarettes, then long-term 
vaping may lead to a 5 times increase in lifetime cancer risk 
compared to long-term conventional cigarette smoking [14]. 
This data was based on earlier studies looking at daily expo-
sure of formaldehyde from ECs and was derived using proto-
cols from Health Canada and the International Organization 
for Standardization, and the Massachusetts Department of 
Public Health [14] . In addition, EC smokers experience an 
increase in serum cotinine levels which are comparable to 
levels seen in conventional cigarette users [18]. Cotinine is a 
major alkaloid metabolite of nicotine and has been used as a 
biomarker for tobacco exposure in humans [18]. These find-
ings demonstrate that the popular claim that EC emissions are 
“only water vapour” is false [19].

The tobacco industry has marketed ECs as a lower-risk smok-
ing-cessation tool for individuals who would otherwise be 
reluctant to quit smoking [24]. This includes promoting them 
as a healthier alternative on social media sites such as You-
Tube, Facebook and, Twitter which do not require age verifi-
cation from its users, and through banners on entertainment 
websites visited frequently by youth [24]. However, data from 
epidemiological studies have been inconsistent in terms of 
whether the use of ECs are associated with long-term absti-
nence from cigarette smoking [10]. Although some popula-
tion-based surveys have found a positive correlation between 
EC use and quit attempts, other longitudinal studies report 
no such association [10]. A randomized control trial con-
ducted in the U.K. found that EC smoking led to significantly 
higher rates of abstinence (18.0%) compared to those using 
nicotine-replacement products (9.9%) at a 1-year follow up 
[25]. Nicotine replacement products include nicotine-patches, 
gums, and lozenges which are commonly used as smoking 
cessation tools by individuals looking to quit conventional 
smoking [25]. However, these findings are contradicted by re-
sults from a randomized trial from New Zealand where adult 
smokers interested in quitting smoking achieved similar levels 
of smoking abstinence after 6-months using ECs compared 
to those given nicotine patch vouchers [26]. Meta-analyses of 
these studies suggest that there is little evidence to support the 
idea that nicotine-containing ECs help with smoking-cessa-
tion [27]. However, the number of attempts at smoking-ces-
sation may be dependent on the type of EC device used, the 
amount of nicotine in the product, as well as the frequency of 
use [10]. Cross-sectional data shows that individuals who use 
the earlier versions of ECs tend to be dissatisfied with their 
device and show lower cessation rates compared to those who 
use newer versions which allow them to customize flavours 
and nicotine strength [28]. Similarly, the amount of nicotine 
emitted per puff second (nicotine flux) by an EC can influence 
cessation rates [29]. Certain brands with low “nicotine flux” 
may not provide enough nicotine replacement for a smoker to 
quit, and others might provide too much leading to undesired 
side effects such as nausea [29]. However, the studies on the 
use of ECs as a smoking cessation aid has only been conduct-
ed in adult populations and remains untested in youth [24].

ECs as a smoking cessation tool 

population led to their ban by the FDA [23]. The wide avail-
ability of flavours can create the perception that their addition 
makes the ECs less harmful and therefore contribute to the 
increased popularity among youth [22]. 
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With the continuous rise in the use of ECs by the youth 
population, it is concerning that their potential health effects 
remain to be fully elucidated. Although multiple studies have 
looked at the chemical constituents of ECs, the research has 
been conducted under controlled conditions which may not 
be the best representation of actual EC use [40]. It is becoming 
clear that the appeal of wide selection of flavours, including 
non-tobacco flavours such as candy, fruit, and dessert, likely 
appeal to consumers of all ages and may play a part in the 
initiation of EC use especially in youth [21]. An argument 
often posed by the proponents of ECs is their supposed role in 
smoking-cessation [41]. However, current evidence support-
ing their smoking-cessation role is weak and may provide the 
same benefit as nicotine replacement products available on 
the market [41]. Finally, while cross-sectional studies suggest 
there is a slight advantage of ECs over conventional cigarettes 
in individuals with pre-existing cardiovascular conditions, 
this evidence does not allow for strong conclusions to be 
drawn [42]. Any correlation between ECs and cardiovascular 
health is further complicated by short-term animal studies 
showing endothelial dysfunction following EC consumption 
[42].
 With hundreds of EC brands dominating the market, 
it is important to develop a mathematical model which can 
accurately predict EC nicotine emissions and account for the 
variability in device design, ingredients in the EC-liquid solu-
tion, and user behaviour [40]. This would allow researchers to 
standardize parameters of the EC devices and generate results 
to determine causal relationships [40]. Furthermore, although 
observational studies can gather information on large num-
ber of users, randomized control trials can allow for experi-
mental control over variable factors such as a user’s nicotine 
dependence and previous attempts at smoking cessation [40]. 
Although these studies are conducted under idealized con-
ditions and might not accurately depict real-time use of ECs, 
they are still needed to confirm the results shown in observa-
tional studies. Nonetheless, it is important to recognize the 
gaps in knowledge and use them as the foundation for future 
studies to accurately characterize the risks of ECs.

Concluding remarks

predispose individuals to adverse cardiovascular conditions, 
and has been linked to short-term pulmonary inflammatory 
reactions [30]. Increased aortic stiffness was observed fol-
lowing a 30-minute session use of EC, which was similar to 
the effects observed after 5-minutes of smoking tobacco [31]. 
However, since arterial stiffness returned to normal within 30 
minutes after EC use, this may be only a short-term associ-
ation [31]. Limited preclinical studies using mouse models 
have aimed to establish the impact of chronic EC use on 
cardiovascular health. Mice subjected to 8 months of chronic 
EC use at low levels exhibited significantly increased arteri-
al stiffness and reduced vascular relaxation to a vasodilator 
[32]. Similarly, exposure to EC vapour increased systemic 
inflammation, systolic blood pressure, and showed an upward 
trend in diastolic blood pressure [33]. However, most of the 
current data on the cardiovascular effects of ECs comes from 
preclinical and cross-sectional studies. The results from these 
preclinical cell-culture and animal studies need to be replicat-
ed in human subjects in an ethical manner to assess for safety 
and efficacy of ECs. Similarly, since cross sectional studies rely 
on observational data from specific points in time, it is not yet 
possible to infer causation.
 In addition to looking at EC use by the general popu-
lation, it is also important to evaluate their impact on chronic 
tobacco users with pre-existing chronic obstructive pulmo-
nary disease [COPD]. One recent retrospective study found 
evidence of a reduction in respiratory conditions including 
decreased respiratory infections and absence of deterioration 
in respiratory physiology [34]. They also reported improved 
general health and physical activity in COPD patients who 
reduced their tobacco consumption after switching from 
conventional cigarettes to ECs [34]. Similar improvements 
in health outcomes has been reported by an internet-based 
survey of individuals with COPD, majority of whom were 
smokers who attempted to avoid the adverse effects of smok-
ing by switching to ECs [35]. These positive findings are in 
contrast with studies conducted in preclinical cell culture 
and animal models. For example, a study conducted using 
A/J mice widely used in cancer research due to their tendency 
to develop tumours, found increased cytokine expression, 
airway hyper-reactivity and lung-tissue destruction after 
prolonged exposure to nicotine-containing glycerol or pro-
pylene glycerol [36]. Another mouse  study found a significant 
decrease in bacterial clearance from the lungs of the animals 
exposed to EC vapour for one week following infection with 
Streptococcus pneumonia [37]. It is well-known that patients 
with COPD experience exacerbated viral and bacterial com-
plications which are a major cause of COPD-related morbidity 
and mortality [37]. Therefore, if EC use can impair immune 
responses against infections in mouse models, it is possible 
that they can accelerate disease progression in patients with 
COPD [37]. The contradictory findings among studies makes 
it difficult to get a clear understanding of the effects of ECs. 
Such differences result from a lack of defined models for EC 
exposure in both in vitro and in vivo studies and due to meth-
odological drawbacks including differences in EC devices or 

in the concentration of EC vapour used [38,39].
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