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Abstract

Electronic cigarette (e-cigarette) is spreading like an epidemic that threatens the public health. Last one year, e-cigarette use increased by 2
times in both adults and children, and just as the cigarette ads of 1950s and 1960s, e-cigarette ads are taking place in the television, radio,
internet, magazines and in the all kinds of advertising media. E-sigara should be recognized as a serious health threat, and should be fought
against it. The aim of this review is to show the effects of e-cigarette on health by the scientific evidences.
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INTRODUCTION

Turkey has been one of the countries implementing the most effective tobacco control in the world
with its successful and decisive studies over the past 15-20 years, and it is also the first and only coun-
try applying the criteria of MPOWER (the criteria of Monitor, Protect, Offer, Warn, Enforce, and Raise)
at the highest level. In accordance with the Report of Global Adult Tobacco Survey 2012, 27.2% of
individuals older than 15 years are smokers in Turkey (1). The general tactic of the tobacco industry
against the successful anti-smoking interventions in the world and in our country has been to find
various alternative ways to encourage smoking. The main bases of promotion strategies include the
development of more attractive products for people who have never tried smoking before and more
distracting products for the ones thinking to quit smoking (for instance, products thought to be less
harmful), and also to make smokers more addicted (2). The most important method used by tobacco
companies is to try to increase consumption by “decreasing the harms”and to create political pressure
for enabling products that will be produced for this aim to be allowed. In this regard, the design and
sale of electronic cigarettes (e-cigarettes) have spread like an epidemic that threatens public health.
In the last year, the use of e-cigarettes by both adults and children has increased 2-fold. As in the to-
bacco advertisements in the 1950s and 1960s, the promotion of e-cigarettes is done in the television,
radio, internet, magazines and all advertising media, and companies try to convince people about the
harmlessness of e-cigarettes (3, 4).

The invention of the e-cigarette dates back to 1963. It has a mechanism where it works with electric
power and vaporizes the liquid, and its use is similar to smoking. It comprises a replaceable cartridge
full of liquid in a stick with the same length of a real cigarette or a bit longer. This cartridge essentially
contains nicotine and propylene glycol. When air passes through the stick, the microprocessor system
powered by a battery activates, and micron-sized particles from the liquid in the cartridge are sprayed
into the passing air. The vapor is inhaled by the person, and it is delivered to the lungs. Nicotine is tak-
en in this way. Propylene glycol contained in the liquid in the cartridge creates a scent similar to that
of cigarette smoke. The microprocessor running on a battery also activates a red-orange colored light
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(light-emitting diode) at the end of the stick. When it lights up, a tem-
perature of approximately 50-60°C is reached, which heats nicotine
and thus provides the same sensation as a real cigarette. The battery
and cartridge can be replaced when necessary. There are forms of
cigar and pipe that work with the same mechanism. The amount of
nicotine contained in the product can vary between 0.1 and 30 pg
per inhalation. The amounts of other substances (propylene glycol,
tobacco essence, glycerin, organic acid, citric acid, alcohol, water, and
other agents) as well as nicotine also differ (3, 5, 6). Different flavors
such as tobacco, fruit, mint, chocolate, coffee, and coke can be added
into the liquid in the cartridge, or a specific cigarette brand can be
imitated. Flavoring agents rather than menthol in e-cigarettes have
been banned to decrease the attention of children and the young in
the United States of America (USA) (7).

The device was first introduced to the Chinese market as a method
for smoking cessation in 2004. By 2005 and 2006, China began to
export the device, and it gained a place in the markets of different
countries. However, the quality control test for the device has not
been adequately performed. It was found that users can modify it for
using addictive substances such as hashish (8, 9).

In our country, e-cigarettes were sold to people through both media
and direct marketing techniques (including door-to-door selling) in
spite of them not being a proven product in 2007 and 2008. With
the efforts of the Department of Struggle with Cancer at the Ministry
of Health, the promotion, formal sale, and marketing of this product
were restricted, and people were informed that it was not a medical
product. Until 2013, there was no law banning e-cigarettes in Turkey,
but only a circular letter was issued by the Ministry of Health (10).
With the amendments to the Law N0.4207 passed in 2013, e-ciga-
rettes were included in this law, and it was banned to promote them,
smoke them indoors, and sell them young persons under the age of
18 (11, 12). Similarly, bans on e-cigarettes are imposed in developed
countries such as USA and Canada (13).

Society-based studies show that e-cigarettes are more frequently
used by people who still smoke (dual use), then by people who have
quit smoking, and less frequently by people who have never smoked
(14-16). Although data for adolescents are less, it is known that the
dual use of e-cigarettes and conventional cigarettes is common
among them. The results show that the rate of the use of e-cigarettes
increases 3-fold faster in adolescents than in adults (14, 17). Indeed,
some of the young people, who do not smoke conventional ciga-
rettes but have tried e-cigarettes, continue to use e-cigarettes and
have become addicted to nicotine. All these demonstrate the extent
of the harmful effects of e-cigarettes on health.

The use of e-cigarettes contrast the two main principles of tobac-
co control: the first is the fight against nicotine addiction. Because
people who use e-cigarettes still take nicotine, it is not possible to
remove nicotine addiction. The second principle is to avoid behav-
iors that give a reminder of smoking. The users of e-cigarettes show
behaviors related to smoking (getting a cigarette from the pack, in-
haling the smoke, etc.) The continuance of these behaviors indicates
the continuance of smoking habit. However, Etter and Bullen (18)
selected people who had quit smoking and had just begun to use
e-cigarettes from the web site of e-cigarettes and followed them for
one year. They found in that 6% of people began to smoke again and
that 92% continued to use e-cigarettes every day. Based on these re-
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sults, the authors suggested that e-cigarettes could prevent relapses.
Because existing evidence is inadequate for the reliability of e-cig-
arettes, they have not been approved by any health institution for
smoking cessation treatment till now.

The effects of an e-cigarette on health can be examined under the
following headings in accordance with literature:
1. Toxic Chemical Substances It Contains
. Cytotoxicity
. Passive Smoke Exposure
. Difficulty in Controlling Nicotine Absorption
. Its Proven Harmful Effects on Health
. Its Effects on Smoking Cessation

oA~ WN

1. Toxic Chemical Substances it Contains

Studies show that an e-cigarette contains many toxic and carcino-
genic substances. Goniewicz et al. (19) revealed that toxic substanc-
es contained in a conventional cigarette are also contained in the
smoke inhaled from an e-cigarette (Table 1). As shown in the table,
some substances not contained in a cigarette are contained in an
e-cigarette. Kim and Shin (20) found that of carcinogenic nitrosa-
mines specific to tobacco, nitrosonornicotine, 4-(nitrosomethylami-
no)-1-(3-pyridyl)-butanone, and nitrosoanatabine are also contained
in an e-cigarette.

The proven toxic and carcinogenic content of an e-cigarette conflicts
the claim that “it is harmless,” which is mentioned in its promotion.

2. Cytotoxicity

The vapor of an e-cigarette shows toxic effect on the cells because
of its harmful content. In the study by Bahl et al. (21), it was revealed
that flavoring agents apart from nicotine lead to cytotoxic effects on
human embryo stem cells, rat neural stem cells, and less frequently,
human pulmonary fibroblasts. The fact that embryo stem cells are
more sensitive to the vapor released from an e-cigarette compared

Table 1.Toxic substances contained in an e-cigarette and its comparison
with a conventional cigarette (adapted from 19)

The mean for person | The meanin
inhaling 15 times the mainstream
from 12 different smoke of a
Toxic substance brands of e-cigarettes | cigarette
Formaldehyde, ug 0.2-5.61 1.6-52
Acetaldehyde, g 0.11-1.36 52-140
Acrolein, ug 0.07-4.19 2.4-62
o-Methylbenzaldehyde, 0.13-0.71
[¢)
Toluene, ug 0.0-0.63 8.3-70
p-, m-Xylene, ug 0.0-0.2
NNN, ng 0.0-0.00043 0.005-0.19
NNK, ng 0.00-0.0283 0.012-0.11
Cadmium, ng 0.0-0.022
Nickel, ng 0.011-0.029
Lead, ng 0.003-0.057

NNK: 4-(nitrosomethylamino)-1-(3-pyridyl)-butanone; NNN: nitrosonornicotine
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with adult pulmonary fibroblasts has contributed to an increased
awareness of the possible harms of e-cigarettes, particularly in preg-
nant females or people passively exposed to smoke. Farsalinos et al.
(22) found that toxicity on rat heart myoblast cells exposed to the va-
por of e-cigarette containing various additives is most likely caused
by the vapor of e-cigarette with the flavor of tobacco and cinnamon.
The severity of the toxic effects of e-cigarettes can vary depending
on the types and amounts of additives in it, which can result in seri-
ous outcomes.

3. Passive Smoke Exposure

It is doubtful if e-cigarettes do not lead to passive smoke exposure
because it does not burn and release sidestream smoke to the en-
vironment. Schober et al. (23) conducted a study for investigating
indoor air quality in association with the use of e-cigarettes and de-
tected seven polyaromatic hydrocarbons (included in group 1, group
2A, group 2B, and group 3 carcinogenic substances) classified as car-
cinogenic substances by the International Agency for Research on
Cancer, a high level of nicotine, propane-1-2-diol, glycerin, and alumi-
num (group 1 carcinogenic). Similarly, Schripp et al. (24) reported that
formaldehyde, acetaldehyde, isoprene, acetic acid (at different levels
depending on the brand), 2-butanedione, acetone, propanol, propyl-
ene glycol, diacetin released from aromatizing additives, aromatic oils,
and nicotine spread around from the vapor that emerged during the
use of e-cigarette. Flouris et al. (25) found that the level of serum co-
tinine is similar in people passively exposed to conventional cigarette
smoke and e-cigarette vapor (0.8 ng/mL for conventional cigarette,
0.5 ng/mL for e-cigarette). Czogala et al. (26) stated that both cigarette
smoke and e-cigarette vapor contains thin particles (PM 2.5) but that
the density of these particles is lower in e-cigarettes. There is strong
evidence that exposure to thin or very thin particles in the short or
long term can lead to inflammatory events in all systems, particular-
ly in the respiratory system, and increase cardiovascular system dis-
eases, respiratory tract diseases, and the risk of death (27-30). On the
other hand, Fuoco et al. (31) revealed that the distribution of particles
in e-cigarette vapor is similar to that in normal cigarette smoke and
that the amount of particles is directly proportional to the amount
of nicotine in the liquid and the exposure time. The study by Zhang
et al. (32) examining the distribution of thin particles released from
e-cigarettes in the human body is one of the major studies conducted
on this topic. In this study, it was shown that approximately 20-27%
of particles in e-cigarette vapor accumulate in the circulatory system
and also in all organs, which is comparable to the rate of 25-35% in a
conventional cigarette.

In e-cigarettes, 2-100-fold polyfill fibers, including heavy metals such
as nickel, copper, iron, and chrome, are used for heating and vapor-
izing the liquid. Nanoparticles of nickel and chromium emerge after
the heating process. These nanoparticles accumulate in the alveoli
and results in regional toxicity. They then enter the systemic circu-
lation (3).

All these studies prove that the amount and distribution of toxic par-
ticles in the content of vapor released during the use of e-cigarettes
are similar to those in the content of cigarette smoke. In a closed area
where an e-cigarette is used, these particles are available in the air,
and they cause passive smoke exposure.

Unlike the smoke of conventional cigarettes, the vapor of e-ciga-
rettes does not contain carbon monoxide.
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4. Difficulty in Controlling Nicotine Absorption

Studies have shown that an e-cigarette can provide an equal amount
of nicotine as a conventional cigarette does and that users can
change the number of e-cigarettes according to their habits and in-
crease their number of use (33-36). Hence, it was found that blood
cotinine levels of e-cigarette and cigarette users are similar (20 ng/
mL in average) (25). Bullen et al. (33) stated in their study that one
of three e-cigarette devices malfunctioned and did not provide ade-
quate nicotine. This suggests that the dose reliability of e-cigarettes
has not yet been ensured.

5. Its Proven Harmful Effects on Health

The liquid used in an e-cigarette contains glycerin and propylene
glycol, which have been proven to be toxic. Propylene glycol is a sub-
stance that can lead to irritation in the eyes and other mucosae and
show toxic effects on all systems on repeated exposure (37). Its use
has been banned in many areas because of its existent effects (38,
39). Propylene glycol converts into glycogen oxide, which is classi-
fied in the Group 2B carcinogenic group by the International Agency
for Research on Cancer, after the heating and vaporizing process-
es. Similarly, glycerin converts into glycerol and then into acrolein,
which causes upper respiratory tract irritation (40-42). Vardavas et al.
(43) found that the results of spirometry performed after the use of
e-cigarette for 5 min in healthy smokers are normal but that there
is a significant increase in the dynamic airway resistance (p=0.024)
and a decrease in the level of exhaled nitric oxide (16%, p=0.005).
The increased airway resistance probably results from the irritation
effect of propylene glycol in an e-cigarette and constriction in the
peripheral airways. Decreased levels of nitric oxide can be due to ox-
idative stress. The most common side effects of e-cigarette use are
irritation of oral and throat mucosae, cough, nausea, and vomiting.
In addition, life-threatening effects such as pneumonia, heart failure,
and hypotension have been reported (44).

Some users can get injured because of the explosion of the e-cig-
arette device (45, 46). There are a few studies about the harms of
e-cigarette on health. The studies conducted are mostly about the
biological effects occurring after short-term exposure to the vapor of
e-cigarette. It is still early to investigate the effects of long-term use.

6. Its Effects on Smoking Cessation

Companies plan to increase the sales by informing consumers that
e-cigarettes can be used for smoking cessation. There are significant
and remarkable studies including five society-based studies (four
long-term, one cross-sectional) and four clinical trials that were re-
cently conducted on this topic. The conclusion derived from all these
studies is that e-cigarettes are not useful for smoking cessation.
These studies are briefly mentioned below.

Adkison et al. (47) conducted a study including people from USA,
Canada, United Kingdom, and Austria, and they found no difference
between smokers who used e-cigarettes for the aim of smoking ces-
sation and ones who used them without this aim with regard to the
rates of smoking cessation 1-year later (p=0.52). On the other hand,
in the study of Vickerman et al. (48), the rate of smoking cessation
was found to be statistically lower in people using e-cigarettes than
that in people not using e-cigarettes (p<0.001). This result is an indi-
cator that e-cigarettes will cause the continuance of nicotine addic-
tion and negatively affect smoking cessation. In the study by Grana
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et al. (49) conducted in 2014, no difference was observed in terms of
the rates of smoking cessation between smokers using and not using
e-cigarettes (OR=0.76; 95% Cl=0.36-1.60). Similarly, Choi and Foster
(50) revealed that the use of e-cigarettes is not effective for smoking
cessation (p=0.93). Additionally, in an international cross-sectional
study, it was found that e-cigarettes were not useful to quit smoking
(OR=0.61, 95% Cl=0.45-0.83) (51).

In 3 of the 4 existing studies investigating the effect of e-cigarettes
on smoking cessation, there was no control group (52-54). In the
fourth study, the efficiency of e-cigarette was compared with 21 mg
nicotine patch treatment (55). Of these studies, in the study by Polosa
et al. (52), only 5 of 40 people could quit smoking in the second year
(12.5%). This rate was 14.3% (2 of 14 patients) in the study conduct-
ed by Caponnetto et al. (53). In another randomized controlled study
of Caponetto et al. (54), no difference was observed with regard to
the rates of smoking cessation between people using and not us-
ing e-cigarettes. Bullen et al. (55) compared e-cigarette and nicotine
patch in their study and found no significant difference between the
groups. On the other hand, some authors suggest that e-cigarettes
can be used for supporting the treatment for smoking cessation in
patients chosen among the ones who have treatment failure in their
history and who do not want to use the present treatment for smok-
ing cessation.

The general conclusion of all these studies is that e-cigarettes are not
effective in smoking cessation.

The American Heart Association has stated in their declaration that
the sale and use of e-cigarettes must be involved in the laws togeth-
er with other products, including tobacco, and that its sale to young
children must be forbidden (56). Furthermore, the World Health Or-
ganization (WHO) presented its detailed report on e-cigarettes in the
conference conducted in Moscow with the participation of many
countries and explained existing and possible harms of e-cigarettes
in this report (57). Following this report, the WHO has published an-
other report emphasizing the necessity of taking strict control mea-
sures regarding the sale and use of e-cigarette (58).

CONCLUSION

In conclusion, e-cigarettes threaten public health because of the sub-
stances they contain. Hereafter, the fight against e-cigarettes should
be another issue in the struggle with tobacco. Society should be in-
formed about the harms of e-cigarettes, and awareness should be
raised by political authorities for taking necessary precautions.
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