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Abstract  
The global rise of the number of smokers of electronic-cigarette (e-cigarette) who 
changed from conventional smoking of tobacco cigarettes in the last decade is a very 
interesting phenomenon which is connected with questionable benefits to human 
health. Electronic cigarettes (E‐cigarettes) are devices that can vaporize a nicotine 
solution combined with liquid flavours instead of burning tobacco leaves. The e-
cigarettes were introduced in 2004 and became very quickly widely available, and their 
use has increased exponentially worldwide. The companies selling E‐cigarettes are 
aggressively advertise their products as beneficial to human health, helping people to 
follow smoking cessation. The e-cigarettes are conceived especially among young 
people as healthier than conventional tobacco smoking cigarettes, cheaper, and more 
socially acceptable. At first impression e-cigarette smoke is not harmful to the 
respiratory system, but on better inspection the vapour contains some harmful 
substances, suspented particulates and decomposition products. But the types or 
concentrations vary by brand, type of device, and how it is used. As a result, in the last 
10 years there is some research on short-term health effects (in vitro, in vivo and 

observational studies) but studies on their long-term health risks are very limited. 
Research available has not shown that they are helpful for quitting smoking completely. 
Medical authorities are worrying that young people might get lured to start smoking e-
cigarettes on the assumption that are harmless. This review contains some of the 
important studies and reports from medical authorities on the short- and long-term 
adverse health effects of e-cigarettes in the respiratory system in comparison with 
conventional tobacco smoke. Recently (August 2019), there was an announcement by 
the Centers for Disease Control and Prevention (CDC) and FDA that followed very 
closely pulmonary diseases connected with vaping of e-cigarette and other substances, 
such as cannabinoids products. CDC recorded 215 possible cases of severe pulmonary 
disease associated with the use of electronic cigarette that have been reported by 25 
U.S. states and additional pulmonary illnesses are under investigation. Also, CDC 
announced hat at least 5 people have died from a mysterious lung disease linked to 
vaping (Illinois, Oregon, Indiana, etc), The CDC urges people in the USA to avoid 
vaping amid the outbreak of this misterious pulmonary disease. According to medical 
experts a possible explanation of developing lipoid pneumonia from vaping was that 
aerosolized oils deposited in their airways, causing local inflammation that impaired 
their lung function. 
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Introduction: The rise of e-cigarette use by smokers  

Electronic cigarettes, which are known as Electronic Nicotine Delivery 

Systems (ENDS, e-cigarette), were introduced commercially 15 years ago 

(2004) and since 2010 e-cigarettes use by smokers showed a dramatic 

increase in developed countries. Since then, the use of e-cigarettes has 

spread very fast worldwide and the inhalation of e-cigarette vapour or ‗vaping‘ 

has increased exponentially in both smokers and ex-smokers worldwide. The 

number E-cigarette users have been increasing rapidly globally, from about 7 

million in 2011 to 35 million in 2016. Market research Euromonitor estimates 

that the number E-cigarette users will reach 55 million by 2021.1 ,2 

Electronic cigarettes (E‐cigarettes) are devices that can vaporize a 

nicotine solution combined with liquid flavours instead of burning tobacco 

leaves. Now, e‐cigarettes have become widely available, and their use has 

increased exponentially worldwide. E‐cigarettes are aggressively advertised 

as a smoking cessation aid; as healthier, cheaper, and more socially 

acceptable than conventional cigarettes.3 

  

 
Figure 1. E-cigarettes do not burn tobacco products. They contain nicotine 
solutions that are heated to make a vapour (hence the terms vape or vaping), 
and they are usually powered by batteries. Some look like cigarettes and 
others can resemble flashlights. Some popular products contain little or no 
nicotine and levels can vary from brand to brand. 

 

Scientists in the last decade examined these claims and have tested 

health claims by numerous studies. The basic question that everybody asks is 

how beneficial are E-cigarettes for ex-smokers and what type of adverse 

http://www.medicalnewstoday.com/articles/216550.php
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health effects can we expect for prolonged use of vaping. In addition to health 

effects, scientific research also investigated various other aspects, including 

smoking cessation or reduction secondary health risks, social impact, and 

environmental consequences of e‐cigarettes.3,4 

 

How different is the E-cigarette from tobacco cigarette? 

 

The Electronic cigarette (E-cigarett or e-cig) is also known as vapour 

cigarette (thus ―vaping‖) and is a battery-operated device, which do not burn 

tobacco but instead, it has cartridges filled with nicotine and other chemicals. 

The e-cigarette heats the liquid chemicals into a vapor or steam that a person 

inhales, which is why using these is often called "vaping".5 

Most e-cigarettes consist of four different components: a cartridge or 

reservoir, which holds a liquid solution containing varying amounts of nicotine, 

flavourings, and other chemicals, a heating element (atomizer), a power 

source (usually a battery) and a mouthpiece that the person uses to inhale 

In many e-cigarettes, puffing activates the battery-powered heating device, 

which vaporizes the liquid in the cartridge. The person then inhales the 

resulting aerosol.5 

 
 

Figure 2. Tthere are approximately 450 different brands of e-cigarette 

products. Technically, all these devices are called Electronic Nicotine Delivery 
Systems (ENDS), and they come in many different sizes and shapes, 
refillable versus pre-filled, and rechargeable versus one-time use. There are 
electronic vape pens, electronic hookahs, electronic pipes, electronic 
tanks/mods, and more. 
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Although the first impression is that e-cigarette is not harmful to human 

health and in particular to the respiratory system, the vapour of the e-cigarette 

contains some harmful substances. But the types or concentrations vary by 

brand, type of device, and how it is used. E-cigarettes have been readily 

available in the United States and the European Union countries since 2006. 

As a result, there is some research on short-term health effects (in vitro, in 

vivo and observational studies) but their long-term health risks are very 

limited. Research available has not shown that they are helpful for quitting 

smoking completely. Medical authorities are worrying that young people might 

get lured to start smoking e-cigarettes on the assumption that are harmless. 

The Food and Drug Administration (FDA, USA) the authoritative 

scientific organization that regulates food, drugs, cosmetics and other 

products that affect health of the Americans, has not approved e-cigarettes as 

a way to quit smoking. In 2016, FDA finalized a rule extending the Center of 

Tobacco Products‘s (CTP) regulatory authority to cover all tobacco products, 

including electronic nicotine delivery systems (ENDS) that meet the definition 

of a tobacco product. FDA regulates the manufacture, import, packaging, 

labeling, advertising, promotion, sale, and distribution of ENDS, including 

components and parts of ENDS but excluding accessories. Examples of 

components and parts of ENDS include: [FDA, https://www.fda.gov tobacco-

products/products-ingredients-components/vaporizers-e-cigarettes-and-other-

electronic-nicotine-delivery-systems-ends].  

 

Figure 3. Under FDA regulation, designed to protect the health of young 

Americans, minors can no longer buy e-cigarettes in stores or online (see 
"Government Regulation of E-cigarettes"). The FDA now regulates the 
manufacture, import, packaging, labeling, advertising, promotion, sale, and 
distribution of e-cigarettes. [https://www.fda.gov/tobacco-products/rules-
regulations-and-guidance]. 

https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/fdas-deeming-regulations-e-cigarettes-cigars-and-all-other-tobacco-products
https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/fdas-deeming-regulations-e-cigarettes-cigars-and-all-other-tobacco-products
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From 2018 FDA required Nicotine Addictiveness Warning on 

Packages and Advertisements for e-cigarettes. This regulation is for all 

"covered" tobacco products and must bear the required nicotine addictiveness 

warning statement on product packages and advertisements. 

 

Figure 4. The U.S. Food and Drug Administration (FDA) became increasingly 

restrictive on when and where American citizens can light up, and its penalties 
for non-compliance are sternly punitive. In August  2016, the FDA established 
new e-cigarette regulations classifying them as ‗tobacco products‘ based on 
the fact that there is nicotine present in most of the devices. 
[https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/fdas-deeming-
regulations-e-cigarettes-cigars-and-all-other-tobacco-products.]. 

 

In September 2018, the U.S. FDA announced a series of critical and 

historic enforcement actions related to the sale and marketing of e-cigarettes 

to American kids. In the largest coordinated enforcement effort in the FDA‘s 

history, the agency issued more than 1,300 warning letters and civil money 

penalty complaints (fines) to retailers who illegally sold JUUL and other e-

cigarette products to minors during a nationwide, undercover blitz of brick-

and-mortar and online stores this summer. As a result of these violations of 

the law – and other indications that e-cigarette use among youth has hit 

epidemic proportions – FDA Commissioner Scott Gottlieb, M.D., signaled that 

the agency intends to take new and significant steps to address this 

challenge. [FDA e-cigarette, https://www.fda.gov/news-events/press-

announcements/fda-takes-new-steps-address-epidemic-youth-e-cigarette-

use-including-historic-action-against-more ].  

https://www.fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-products/covered-tobacco-products-and-roll-your-own-cigarette-tobacco-labeling-and-warning-statement
https://www.fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-products/covered-tobacco-products-and-roll-your-own-cigarette-tobacco-labeling-and-warning-statement
https://www.fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-products/covered-tobacco-products-and-roll-your-own-cigarette-tobacco-labeling-and-warning-statement
https://www.fda.gov/TobaccoProducts/Labeling/RulesRegulationsGuidance/ucm394909.htm#rule
https://www.fda.gov/TobaccoProducts/Labeling/RulesRegulationsGuidance/ucm394909.htm#rule
https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/fdas-deeming-regulations-e-cigarettes-cigars-and-all-other-tobacco-products
https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/fdas-deeming-regulations-e-cigarettes-cigars-and-all-other-tobacco-products
https://www.fda.gov/tobacco-products/newsroom/warning-letters-and-civil-money-penalties-issued-retailers-selling-juul-and-other-e-cigarettes
https://www.fda.gov/news-events/press-announcements/fda-takes-new-steps-address-epidemic-youth-e-cigarette-use-including-historic-action-against-more
https://www.fda.gov/news-events/press-announcements/fda-takes-new-steps-address-epidemic-youth-e-cigarette-use-including-historic-action-against-more
https://www.fda.gov/news-events/press-announcements/fda-takes-new-steps-address-epidemic-youth-e-cigarette-use-including-historic-action-against-more
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Why is FDA concerned with the popularity of E-cigarettes? 
 

FDA for many years was raising public concern for the consequences 

of the new vaping trend, and in particular among young Americans. The e-

cigarette brand JUUL that is shaped like a USB flash drive is very popular in 

the USA. JUUL is a battery-powered device that heats a nicotine-containing 

liquid to produce an aerosol that is inhaled. All JUUL e-cigarettes have a high 

level of nicotine. The Juul comprises two parts. There's the e-cigarette itself, 

which contains the battery, temperature regulator and sensors that read the 

charge level. The pod contains Juul's patented e-liquid formula. A mixture of 

nicotine salts, glycerol, propylene glycol, benzoic acid and flavorings. The 

nicotine salts in JUUL pods are a type of nicotine that supposedly feels more 

like a cigarette when inhaled, as opposed to other vapes that use freebase 

nicotine which can cause coughing and leave a film in people's throats. JUUL 

has gained popularity among American teenagers for its sleek design and 

easy-to-use pods. FDA forced Juul to shutter its social media presence while 

it investigated that Juul was promoting underage use of tobacco products. [US 

FDA. How FDA regulates E-cigarettes, 2019. https://www.fda.gov/news-events/ 

fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes ]. 

  

Figure 5. JUUL (a San Francisco-based e-cigarette company) is of great 

corcern in USA because it has gained substantial popularity among young 
people for its sleek design and easy-to-use pods. The company was forced to 
shutter its social media presence while the FDA investigated the use of Juul 
e-cigarette. Concerns were raised that Juul was promoting underage use of 
tobacco products. Juul continues to prove popular with rising sales and 
affectionate nicknames, such as the "iPhone of vaporizers." 

https://www.tobaccofreekids.org/assets/factsheets/0394.pdf
https://www.cnet.com/news/juul-is-shutting-down-on-social-media-halting-retail-orders-for-flavored-pods/
https://www.fda.gov/news-events/%20fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes
https://www.fda.gov/news-events/%20fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes
https://www.cnet.com/news/juul-is-shutting-down-on-social-media-halting-retail-orders-for-flavored-pods/
https://www.cnet.com/news/juul-hit-with-surprise-fda-inspection-over-marketing-practices/
https://www.cnet.com/news/juul-hit-with-surprise-fda-inspection-over-marketing-practices/
https://truthinitiative.org/news/juul-sales-increase-more-600-year-underscoring-popularity-among-teens
https://www.businessinsider.com/juul-e-cigarette-one-million-units-sold-2017-11
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What makes JUUL different from other E-Cigarettes? The increased 

harm of JUULs compared to other e-cigarettes is due to the concentration and 

contents of its juul pods. The e-liquid is 5% nicotine by volume, which is more 

than twice the concentration of nicotine in similar devices like the Blu e-

cigarette cartridge (2.4% nicotine).6,7 

Criteria for drug dependence were developed in the 1988 Surgeon 

General‘s (USA) report ―The Health Consequences of Smoking: Nicotine 

Addiction‖. Studies from leading scientists have established that nicotine is 

about as addictive as cocaine and even more addictive than alcohol and 

barbiturates (anti-anxiety drugs). Molecular biology studies suggest that the 

α4β2nicotinic acetylcholine receptor subtype is the main receptor mediating 

nicotine dependence. Nicotine acts on these brain nicotinic cholinergic 

receptors to facilitate neurotransmitter release (dopamine and others), 

producing pleasure, stimulation, and mood modulation. Neuroadaptation 

develops with repeated exposure to nicotine, resulting in tolerance to many of 

the effects of nicotine. When a smoker stops smoking, a nicotine withdrawal 

syndrome ensues, characterized by irritability, anxiety, increased eating, 

dysphoria and other symptoms.8,9 

 

The type of vaporised chemicals in the e-cigarette 

 
In January 2018, the National Academies of Science, Engineering 

and Medicine released a consensus study report that reviewed over 800 

different studies.10 The Center for Tobacco Products (CTP) of the Food 

and Drug Administration (FDA) requested that the National Academies of 

Sciences, Engineering, and Medicine (NASEM) convene a committee of 

experts to conduct a review on the health effects related to the use of e-

cigarettes. The resulting report is a comprehensive and systematic review 

of the literature that evaluates the evidence about e-cigarettes and health, 

highlights gaps that are a priority for future research, and makes 

recommendations to improve the quality of this research.10 

The main theme that the NASEM-FDA-CTP report emphasised was: 

―using e-cigarettes has certain benefits compared to the actual tobacco 
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smoking but carries certain health risks‖. The review concluded that e-

cigarettes both contain and emit a number of potentially toxic substances. 

Also it states that there is moderate evidence that youth who use e-cigarettes 

are at increased risk for cough and wheezing and an increase in asthma 

exacerbations. The report highlights some important sudies on e-cigarette:10 

a. A study from the University of North Carolina found that the two primary 

ingredients found in e-cigarettes—propylene glycol and vegetable 

glycerin—are toxic to cells and that the more ingredients in an e-liquid, 

the greater the toxicity.11 

b. E-cigarettes produce a number of dangerous chemicals including 

acetaldehyde, acrolein, and formaldehyde. These aldehydes are toxic 

and carcinogenic, can cause lung disease, as well as cardiovascular 

diseases (CVDs).12 

c. The vapour of E-cigarettes contains acrolein, a toxic herbicide. It can 

cause acute lung injury and Chronic Obstructive Pulmonary Diseases 

(COPDs) and may cause asthma and lung cancer.13 

d. Both the U.S. Surgeon General and the National Academies of Science, 

Engineering and Medicine have warned about the risks of inhaling 

secondhand e-cigarette emissions, which are created when an e-

cigarette user exhales the chemical cocktail created by e-cigarettes. In 

2016, the Surgeon General (U.S.) concluded that secondhand emissions 

contain, "nicotine; ultrafine particles; flavorings such as diacetyl, a 

chemical linked to serious lung disease; volatile organic compounds 

(VOCs) such as benzene, which is found in car exhaust; and heavy 

metals, such as nickel (Ni), tin (Sn), and lead (Pb)‖.14 

e. The FDA has not found any e-cigarette to be safe and effective in 

helping smokers quit. If smokers in the USA are ready to quit smoking 

for good, they can call a special emergency phone or talk with their 

doctor about finding the best way to quit. The FDA and other 

organizations do not approve to changes from active smoking to e-

cigarette as a safe alternative.
15 

The NASEM-FDA-CTP report concluded that e-cigarette aerosol 

contains a smaller number and lower levels of toxic chemical pollutants than 
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smoke from combustible tobacco cigarettes. Nicotine exposure can mimic that 

found with use of combustible tobacco cigarettes. The exposure from the e-

cigarette to nicotine and toxicants from the aerosolization of flavorings and 

humectants depends on device characteristics. The report expresses worries 

that use of e-cigarettes will result in dependence and addiction. Finally, 

reviewers agree that the health implications of e-cigarette for long-term effects 

on morbidity and mortality are not yet clear. Overall, the final conclusions. 

―Although e-cigarettes are not without risk, compared to combustible tobacco 

cigarettes they contain fewer toxicants; can deliver nicotine in a similar 

manner; show significantly less biological activity in most, but not all, in vitro, 

animal, and human systems; and might be useful as a cessation aid in 

smokers who use e-cigarettes exclusively. However, young people who begin 

with e-cigarettes are more likely to transition to combustible cigarette use and 

become smokers who are at risk to suffer the known health burdens of 

combustible tobacco cigarettes. The net public health outcome of e-cigarette 

use depends on the balance between positive and negative consequences. 

More and better research is needed to help clarify whether e-cigarettes will 

prove to reduce harm—or induce harm—at the individual and the population 

levels. The approach taken by the committee to evaluate the health effects of 

e-cigarettes in this report is anticipated to provide a generalizable template for 

future evaluations of the evidence‖. [National Academies of Sciences-

Engineering-Medicine. Consensus Study Report-Highlights, 23.1.2018. 

[https://www.nap.edu/resource/24952/012318ecigaretteHighlights.pdf ]. 

 

The way that e-cigarettes affect the human brain 

 

Scientists investigated the effects of nicotine in e-cigarette in the brain 

of e-smokers. Studies showed that the nicotine from the vapour of e-cigartte is 

readily absorbed from the lungs into the bloodstream of an e-cigarette 

smoker. Upon entering the blood, nicotine stimulates the adrenal glands to 

release the hormone epinephrine (adrenaline). In turn epinephrine stimulates 

the central nervous system and increases blood pressure, breathing, and 

https://www.nap.edu/resource/24952/012318ecigaretteHighlights.pdf
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heart rate. As with most addictive substances, nicotine activates the brain‘s 

reward circuits and also increases levels of a chemical messenger in the brain 

called dopamine, which reinforces rewarding behaviors. Pleasure caused by 

nicotine‘s interaction with the reward circuit motivates some people to use 

nicotine again and again, despite risks to their health and well-being.16 

 
 

Figure 5. As with most addictive substances, nicotine activates the brain‘s 
reward circuits and also increases levels of a chemical messenger in the brain 
called dopamine, which reinforces rewarding behaviours. Pleasure caused by 
nicotine‘s interaction with the reward circuit motivates some people to use 
nicotine again and again, despite risks to their health and well-being. 

 

The National Institute on Drug Abuse (USA) investigated how the 

nicotine-containing electronic cigarettes (e-cigarettes) produce brain changes 

similar to those caused by other nicotine sources, such as combustible 

cigarettes or nicotine lozenges. Researchers found that when 9 regular users 

of e-cigarettes resumed vaping the devices following 14 hours of abstinence, 

they exhibited some of the same changes in brain function that have been 

linked to relief from symptoms of withdrawal in studies using combustible 

cigarettes. Researchers focused their investigation in several brain regions 

that showed decreased engagement with neural networks that determine the 

importance and reward value of experiences. In addition, there was an 

increase in a functional association between the prefrontal reward network 

and the frontoparietal executive control network, whereby increased activity in 
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one was associated with decreased activity in the other. The 9 participants of 

the experiment reported reductions in nicotine craving, but also the inability to 

concentrate due to nicotine withdrawal was partially reversed when they 

resumed e-cigarette use. The study‘s findings suggest that the nicotine in e-

cigarettes is active in the brain, similar to other sources of nicotine [National 

Institute on Drug Abuse. Science Highlights of report, 2019. 

[https://www.drugabuse.gov/news-events/latest-science/study-shows-e-

cigarettes-affect-brain-similarly-to-other-nicotine-sources ].  

Prior research has shown, among cigarette smokers, that nicotine 

administration alters rsFC (resting state Funtional brain Connectivity), an 

important neuromarker of smoking behaviour within frontal and parietal 

cortices involved in executive control, as well as striatal regions that drive 

reward processing. These changes in rsFC have been associated with 

reductions in withdrawal symptom severity. Researchers currently have a 

limited understanding of how rsFC is affected by the use of electronic 

cigarettes (e-cigarettes). Researchers used fMRI  (Functional magnetic 

resonance imaging, measures brain activity by detecting changes associated 

with blood flow) to determine the effects of e-cigarette withdrawal symptoms. 

Independent component, dual regression, and permutation analyses were 

conducted on rsFC collected from e-cigarette users before and after an e-

cigarette use episode (n=9) that occurred after 14h of nicotine abstinence. 

Similar to the known effects of nicotine administration, e-cigarette use 

decreased rsFC of two clusters in the right frontal pole and frontal medial 

cortex with an attentional control salience network, and decreased rsFC of 

five clusters in the left thalamus, insula, and brain stem with a reward network 

encompassing the striatum. E-cigarettes use increased inverse coupling 

between the prefrontal reward network and the right frontoparietal executive 

control network. Reductions in craving and difficulty with concentration were 

correlated with decreases in coupling strength between reward and executive 

control networks. These preliminary results suggest that the effects of e-

cigarettes use on rsFC are similar to those seen with nicotine administration in 

other forms (combustible tobacco smoking).17  

 

https://www.drugabuse.gov/news-events/latest-science/study-shows-e-cigarettes-affect-brain-similarly-to-other-nicotine-sources
https://www.drugabuse.gov/news-events/latest-science/study-shows-e-cigarettes-affect-brain-similarly-to-other-nicotine-sources
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What are the health effects of e-cigarettes? Are they safer 

than conventional combustible tobacco cigarettes? 

 
The Centers for Disease Control and Prevention (CDC) is a federal 

agency of the USA that conducts and supports health promotion, prevention 

and preparedness activities in the United States, with the goal of improving 

overall public health. The USA CDC prepared a detailed and informative 

report on ―Smoking and Tobacco Control, Electronic Cigarettes.‖ which can be 

accessed [https://www.cdc.gov/tobacco/basic_information/e-cigarettes/ ], and 

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e-

cigarettes.html] (accessed  August 2019). 

This report states that e-cigarettes have the potential to benefit adult 

smokers if used as a complete substitute for regular tobacco cigarettes and 

other smoked tobacco products. But the report of CDC emphasises that e-

cigarettes are not safe for youth, young adults, pregnant women, or adults 

who do not currently use tobacco products. While e-cigarettes have the 

potential to benefit some people and harm others, scientists still have a lot to 

learn about whether e-cigarettes are effective for quitting smoking. CDC 

recommends. ―If you‘ve never smoked or used other tobacco products or e-

cigarettes, don‘t start‖. 

Some research suggests that e-cigarettes might be less harmful than 

tobacco cigarettes when people who regularly smoke switch to them as a 

complete replacement. But nicotine in any form is a highly addictive drug. 

Research suggests it can even prime the brain‘s reward system, putting 

vapers at risk for addiction to other drugs. Also, e-cigarette use exposes the 

smoker‘ lungs to a variety of chemicals, including those added to e-liquids, 

and other chemicals produced during the heating/vaporizing process. The 

CDC refers to a study that some e-cigarette products found in the vapour 

contain known carcinogens and toxic chemicals, as well as potentially toxic 

metal nanoparticles from the device itself. The study showed that the e-liquids 

of certain cigarette-a-like brands (cigarette-a-likes of a regular cigarette, vape 

pens and mid-size mods are also e-cigarettes) contain high levels of nickel 

(Ni) and chromium (Cr), which may come from the nichrome heating coils of 

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e-cigarettes.html%5d%20(accessed
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e-cigarettes.html%5d%20(accessed
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the vaporizing device. Cigarette-a-likes may also contain low levels of 

cadmium (Cd), a toxic metal also found in cigarette smoke that can cause 

breathing problems and disease. More research is needed on the health 

consequences of repeated exposure to these chemicals. The CDC report on 

E-cigarette and its harmful effects have been researched and their results are 

included in 12 scientific papers included in the reference list as 18-29.18-29 

The toxicological profile of e-cigarettes was compared with the 

toxicology of conventional tobacco smoke with a new methodology utilizing 

organotypic, in vitro tissue models. Tissues were exposed at the air-liquid 

interface to cigarette smoke or e-cigarette aerosol generated using a 

VITROCELL VC1 smoking/vaping robot. Researcher compared the two 

exposures and found that, there was a significant decrease in tissue viability 

and barrier function. Additionally, secretion of inflammatory cytokines, 

interleukin 6 and 8 (IL-6, IL-8) altered and a marker of DNA damage, γ-H2AX, 

was significantly increased. Conversely, tissues exposed to up to 400 puffs of 

e-cigarette aerosol (with or without blueberry flavor) did not differ compared to 

air-exposed tissues in any of the measured endpoints. Overall, the tested e-

cigarette products induced significantly less cytotoxicity than conventional 

cigarette smoke under the conditions of test, thus reducing health risks.30 

 

The latest studies on adverse health effects of e-cigarettes  
 

 E-cigarettes were introduced in commercial form from around 2005 and 

their use increased exponentially. It is common now to see vaping smokers in 

developed countries. In the last decade the majority of studies on their health 

effects were preliminary, especially in the lungs. Scientists agree that we need 

more time to assess thoroughly adverse health risks in the respiratory system. 

In this review we collected some of the latest investigations on the health 

effects of e-cigaretts.  

A review in 2019 investigated the use of e-cigarettes (ECs) and their 

health effects in the respiratory system. It is known that health professionals 

have raised concerns about the respirable aerosols (mixture of fine and 

superfine dusts and gases) generated by ECs containing several constituents 

of potential toxicological and biological relevance to respiratory health. The 
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review critically assessed published research on the respiratory system 

investigating the effects of ECs in preclinical models, clinical studies of people 

who switched to ECs from tobacco cigarettes, and population surveys.The 

findings of the review indicate that ECs under normal conditions of use 

demonstrate far fewer respiratory risks than combustible tobacco cigarettes 

(conventional smoking of tobacco cigarettes).31  

Another recent scientific investigation (2019) [Institute for 

Environmental Medicine and Dpt Physiology, University of Pennsylvania, USA  

and Lab for Structural, Physiologic and Functional Imaging, Dpt of Radiology, 

University of Pennsylvania Health System, Philadelphia, Pennsylvania] 

examined the effects of e-cigarette aerosol inhalation by nonsmokers (similar 

to passive smoking). The study evaluated the acute response to aerosol 

inhalation of non-nicotinized e-cigarettes in terms of oxidative stress and 

indices of endothelial activation in human pulmonary microvascular 

endothelial cell. The study use 10 smoking-naïve healthy subjects who were 

subjected to an e-cigarette challenge, following which their serum was 

monitored for markers of oxidative stress and inflammation [C-reactive protein 

and soluble intercellular adhesion molecule and nitric oxide (NOx) 

metabolites]. The results showed that serum indices of oxidative stress and 

inflammation increased significantly reaching a peak at approximately 1-2 

hour after e-cigarette aerosol inhalation and returning to baseline levels at 6 

hours. Reactive Ogygen Species (ROS) production by the vapour of e-

ciagarette was found to occur via activation of the NADPH oxidase 2 (NOX2) 

pathways. These findings suggest that even in the absence of nicotine, acute 

e-cigarette aerosol inhalation leads to a transient increase in oxidative stress 

and inflammation affecting the vascular endothelial network by promoting 

oxidative stress and immune cell adhesion. Scientists concluded that e-

cigarette inhalation has the potential to drive the onset of vascular 

pathologies.32 

Another experimental study determined the association between 

electronic nicotine product (e-cigarette) use and periodontal disease. 

Participants who smoked e-ciagarettes in this study had to report new cases 

of gum disease in phases 2 and 3 (but no history of gum disease in phase 1). 
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Odds ratios (OR) were calculated to determine the association between 

electronic nicotine product use and new cases of gum disease. Compared to 

never users, participants had increased odds of being diagnosed with gum 

disease (OR 1.76) and bone loss around teeth (OR 1.67). Researchers 

conluded that their findings show that e-cigarettes may be harmful to oral 

health (gum disease and dental bone loss).33 

From 2006, E-cigarette use increased exponentially worldwide. Studies 

for adverse health effects started much later and until now, short- and long-

term health effects remain largely unknown due to the novelty of e-cigarette. 

The majority of the investigations until now use very small number of 

volunters-participants. A recent study (2019) examined the acute effects of e-

cig inhalation on vascular and pulmonary function in healthy volunteers. The 

study used 17 healthy participants who inhaled e-cig aerosol, with and without 

nicotine on two separate occasions in a double-blinded crossover fashion. 

Blood pressure, heart rate, and arterial stiffness measured by pulse wave 

velocity and pulse wave analysis were assessed at baseline, and then at 0 

hour, 2 hours, and 4 hours following exposure. Dynamic spirometry and 

impulse oscillometry were measured following vascular assessments. E-cig 

aerosol with nicotine caused a significant increase in heart rate and arterial 

stiffness and a sudden increase in flow resistance as measured by impulse 

oscillometry, indicating obstruction of the conducting airways. Both aerosols 

caused an increase in blood pressure. Scientists concluded that inhaled e-cig 

aerosol with nicotine has an acute impact on vascular and pulmonary 

function.34 

A toxicological study in vitro (with microorganisms, cells, biological 

molecules) investigated the potential toxicity of e-vapours generated by a 

smoking machine in human bronchial epithelial (BEAS-2B cell) cultured at air-

liquid interface. The effects were compared with exposure to conventional 

tobacco cigarette smoke. The tobacco smoke decreased strongly cell viability 

from 48min exposure. While, e-vapours induced no cytotoxicity up to 4,8 

hours exposure. Other experiments studied biomarkers of oxidative stress 

and evidenced of adverse effects only after exposure to tobacco smoke. But 

exposure to e-cigarette vapours had minor effects. Finally, transcriptomic data 
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of exposed cells indicated that a large number of genes were deregulated in 

response to tobacco smoke, especially genes involved in important biological 

functions, while e-vapours elicited very discrete modulation. These results 

strongly suggest a lower toxicity of e-vapours compared to tobacco smoke in 

the BEAS-2B cell line.35 

 

 

Figure 6. The widespread use of e-cigarettes among young people and the 
lack of knoweldge about adverse effects of chemical constituents in the 
vapour of e-cigarette is a worrying concern among medical experts on 
tobacco smoking control and respiratory disease prevention. 
 

 

Medical experts are worrying about the adverse effects of e-cigarette in 

pregnant women and in young children. In particular, the nicotine itself in the 

vapour and the accompanying substances in the aerosol or to temperature 

modifications of the content of e-liquid. At the moment there is a lack of human 

studies to assess respiratory effects of nicotine exposure to the unborn or 

young child. A paper in 2018 summarized what is currently known about the 

use of E-cigarettes in children and in pregnancy, and discussed adverse effects 

of direct or in utero exposure to E-cigarette on the respiratory health of children. 

It provided a background for discussing potential harms to the respiratory 

system of children, in pregnancy and early post-natal life. Because at the 

moment most E-cigarettes, are marketed to be 95% less harmful than 

conventional cigarettes.36 
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Other studies focused their investigation on the inflammatory effects of 

e-cigarettes, since it is well established that conventional tobacco smoking 

cause inflammatory damage in the lungs with the potenmtial for respiratory 

diseases and lung cancer. Many studies used in their experimental setting cell 

cultures (in vitro) and experimental animal (in vivo) exposed to e-cigarette 

vapour. The experimental data of these studies indicate that e-cigarettes have 

the potential for inducing inflammation, albeit much less than tobacco 

smoking. On the other side of experiments, obervational studies in humans 

show that e-cigarette use is associated with substantial reductions in blood or 

urinary biomarkers of tobacco toxicants. There is a great variety of e-cig 

constituents and quantities. However, the extent to which these biomarkers 

are surrogates for potential lung toxicity remains unclear. Scientists in the 

USA suggest that the regulatory authority FDA must regulate e-cig products 

and e-liquid design features, such as nicotine content and delivery, voltage, e-

liquid formulations, and type of flavours, because these factors may impact 

pulmonary toxicit of e-cig vapour. A review (2017) summarized research data 

on pulmonary inflammation related to both tobacco smoking and e-cigarette 

use, with a focus on human lung biomarker.37 

 The use of e-cigarette has been worrying scientists, in particular the 

impact on asthma in smokers. Recent survey data indicate that adolescents 

with asthma had a higher prevalence of current e-cig use (12.4%) compared 

to their non-asthmatics peers (10.2%). Similarly, a study conducted among 

high school students from Ontario, Canada, indicated a greater likelihood of e-

cig use in asthmatics as compared to their non-asthmatic peers. Recent 

studies report that thermal decomposition of propylene glycol and vegetable 

glycerin, the base constituents of e-liquids, produces reactive carbonyls, 

including acrolein, formaldehyde, and acetaldehyde. These chemicals have 

known respiratory toxicities. Studies in the future must focused on the various 

flavored e-cigarettes and the likely induction of respiratory effects from 

vapours of propylene glycol and vegetative glycerin.38 

 In the year 2015-2017 a number of investigations appeared in the 

scientific literaure on the involvment and adverse effects of e-cigarettes in 

respiratory diseases. Results from studies in vitro and in vivo indicated a 
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variety of adverse effects induced by exposure to e-cigarette vapours.  

Exposure of pulmonary epithelial and immune cells to e-cigarette vapour 

showed increases in (pro)- inflammatory processes.39,40 

Additional investigations used neutrophils and macrophages for the 

exposure to e-cigarette vapours. Neutrophils are the primary white blood cells 

that respond to a bacterial infection, and Macrophages are a type of white 

blood cell, of the immune system, that engulfs and digests cellular debris, 

foreign substances, microbes, cancer cells, etc. The results of these 

experiments showed that e-cig vapours induced oxidative stress, decreased 

mucociliary clearance (Mucociliary clearance is the removal of foreign 

particles and dusts from the respiratory airways as the result of the movement 

of the mucus coating due to the beating of the underlying cilia in the lungs). 

and impaired functions of neutrophils and macrophages.41,42 

Studies of exposure of e-cigarette vapour in experimental animals 

(mice) demonstrated that it causes weight reduction, increased endothelial 

permeability, development of lung fibrosis (lung fibrosis is a respiratory 

disease that occurs when lung tissue becomes damaged and scarred) and 

neurobiological changes. Mice exposed to glycerin-based e-cigarette aerosols 

were also hyperresponsive to methacholine regardless of the presence or 

absence of nicotine. This study shows, for the first time, that exposure to e-

cigarette aerosol during adolescence and early adulthood is not harmless to 

the lungs and can result in significant impairments in lung function.
43,44 

 All the studies until now that compare e-cigarette vapour (in terms of 

constituents and toxicity) with conventional tobacco smoke showed that 

adverse health effects for exposure to e-ciagrette were much weaker (in terms 

of toxic potential) than those caused by conventional tobacco smoke.45,46 

A recent review (2018) summarized the latest evidence form various 

studies concerning the use of e-cigarettes and in comparison with tobacco 

smoking. Results showed that vaping does introduce some of the harmful 

substances that accompany cigarette smoke but their levels are very low.The 

final conclusion of the review is, that electronic cigarettes when compared to 

conventional tobacco smoking are less harmful, although they do not help 

quitting smoking among young and adults.47 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/clearance
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/neutrophil
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fibrosis
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Another recent review (2019) collected evidence exposure to nicotine 

and flavouringshave of e-cigarette have detrimental effects on several cell 

lines and animal models (in vivo experiments). But following exposure for 3.5 

years has not been linked to chronic lung disease and cardiovascular disease.  

Revieers concluded that future research is needed to evaluate the long-term 

health outcomes and efficacy of e-cigarettes as a smoking cessation.48 

 

European Union legislation for electronic cigarettes 

The European Union enacted a directive for the E-cigarette in 2014.  

Article 20 of the Tobacco Products Directive (2014/40/EU) lays down rules for 

electronic cigarettes sold as consumer products in the European Union 

[https://ec.europa.eu/health/tobacco/ecigarettes_en]. The Directive contained 

rules for the maximum nicotine concentration and volume for cartridges, tanks 

and nicotine liquid containers. The directive states that E-cigarettes should be 

child-resistant and tamper evident and have a mechanism that allows refilling 

without spillage to protect consumers. E-cigarette ingredients must be of high 

purity and e-cigarettes should deliver the same amount of nicotine when 

puffed at the same strength and duration. Manufacturers and importers must 

notify all products they place on the EU market through a standardised 

electronic format. E-cigarette packaging and labelling must carry health 

warnings advising consumers that they contain nicotine and should not be 

used by non-smokers (mandatory). Packaging must also include a list of 

ingredients contained in the product, information on the product's nicotine 

content, and a leaflet with instructions for use and information on adverse 

effects, risk groups, addictiveness and toxicity. Promotional elements are not 

allowed on e-cigarette packaging, and cross-border advertising and promotion 

of e-cigarettes is prohibited. The Directive lays down monitoring and reporting 

requirements for manufacturers and importers, EU countries and the 

Commission [Article 20 of Tobacco Products Directive (2014/40/EU]. 

In order to facilitate the implementation of Article 20 of the Directive, 

the European Commission adopted two implementing acts and a Commission 

report related to e-cigarettes. Commission Implementing Decision (EU) 

2015/2183 of 24 November 2015 establishing a common format for the 

https://ec.europa.eu/health/tobacco/ecigarettes_en
https://ec.europa.eu/health/euceg/introduction_en
https://ec.europa.eu/health/euceg/introduction_en
https://ec.europa.eu/health/euceg/introduction_en
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32015D2183
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32015D2183
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32015D2183
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notification of electronic cigarettes and refill containers. Commission 

Implementing Decision (EU) 2016/586 of 14 April 2016 on technical standards 

for the refill mechanism of electronic cigarettes. Commission Report 

COM(2016) 269 final - Report from the Commission to the European 

Parliament and the Council on the potential risks to public health associated 

with the use of refillable electronic cigarettes. In developing the implementing 

legislation and Commission report, the Commission asked an external 

contractor to provide it with an overview of potential risks associated with the 

use of refillable electronic cigarettes and information on technical 

specifications for refill mechanisms. The final report of the European 

Commission. ―Study of the indentification of potential risks to public health 

associated with the use of verifiable electronic gigarettes and dvelopemnt of 

technical specification for the refill mechanisms‖ FinalReport, May 106, 2016. 

Accessed in: https://ec.europa.eu/health/sites/health/files/tobacco/docs/ 

potentialrisks_specs_refillableecigarettes.pdf. EUREST Consortium: 

Biomedical Research Foundation, Academy of Athens, & European Network 

for Smoking and Tobacco Prevention, Vardavas C, Behrakis P (Eds). On 

behalf of the contributing experts, Potential Risks from Electronic Cigarettes 

and Their Technical Specifications in Europe. European Commission, 2016.  

All European Union countries implemented the new regulations for e-

cigarettes. The United Kingdom (UK) which has very strict rules for smoking 

implemented the new regulation between May 2016 and May 2017 that 

included limiting refills to 10ml, tanks/cartridges to 2ml and nicotine 

concentrations to 20mg/ml. The legislation was aiming to investigate: 

awareness of new regulations; product use before and after implementation; 

and association between use of compliant products and subsequent smoking. 

There is an ongoing debate in the UK about the regulation of e-cigarettes. 

Members of UK Parliament have recently written a report to the Government 

asking for greater advertising freedom, relaxation of tax duties, an annual 

review on the health effects of e-cigarettes, a debate on vaping in public 

spaces, licensing of e-cigarettes as medical devices and a consideration 

given to the limits on refi ll strengths and tank sizes. Currently, the use, sale 

and advertising of e-cigarettes are legal in the UK. It is, however, illegal to sell 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2016.101.01.0015.01.ENG&toc=OJ%3AL%3A2016%3A101%3ATOC
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2016.101.01.0015.01.ENG&toc=OJ%3AL%3A2016%3A101%3ATOC
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2016.101.01.0015.01.ENG&toc=OJ%3AL%3A2016%3A101%3ATOC
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1463746733783&uri=COM%3A2016%3A269%3AFIN
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1463746733783&uri=COM%3A2016%3A269%3AFIN
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1463746733783&uri=COM%3A2016%3A269%3AFIN
https://ec.europa.eu/health/sites/health/files/tobacco/docs/%20potentialrisks_specs_refillableecigarettes.pdf
https://ec.europa.eu/health/sites/health/files/tobacco/docs/%20potentialrisks_specs_refillableecigarettes.pdf
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e-cigarettes to minors. [GOV.UK. Guidance E-cigarettes: regulation for 

consumer products, [https://www.gov.uk/guidance/e-cigarettes-regulations-

for-consumer-products].  

 

Statement of the European Respiratory Society on E-cigarette 

In 2019 the European Respiratory Society (ERS) published a detailed 

and well researched report and statement covering electronic cigarettes 

(ECIGs), or Electronic nicotine delivery systems (ENDS). The report used 

database searches to identify 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. The report states that aerosol constituents, compared to 

conventional tobacco cigarettes, 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.49 

The European Repiratory Society (ERS) is very extensive and contains 

numerous research studies for in vivo and in vitro investigations on e-cigarette 

toxicity, oxidative stress and inflammation.  The main conclusion from these 

studies is that: cytotoxicity to various cell lines, causing cell death, decreased 

cell proliferation and increased oxidative stress and changes in gene 

expression were markedly lower than obacco cigarettes.49  

 The report of ERS contains some of the most important and relevent 

studies on animal models investigating the effect of E-cigarette on the lung 

https://www.gov.uk/guidance/e-cigarettes-regulations-for-consumer-products
https://www.gov.uk/guidance/e-cigarettes-regulations-for-consumer-products
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and other organs of the experimental animals. For example, there is a study 

for 4 months’ exposure (mice) to inhaled nicotine-containing e-cigarette fluids 

triggered effects normally associated with the development of a chronic 

obstructive pulmonary disease (COPD)-like tissue damage in a nicotine-

dependent manner.50  Another is 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 tobacco 

cigarettes.51   

In the report there is an added position statement of the Forum of 

International Respiratory Societies (FIRS). The FIRS issued (2014) a position 

statement on ECIGs asking for more independent studies on the benefits and 

potential harms of e-cigarette use, and a prudent restriction of the usage of 

these products at least until their safety can be established.52 

The Conclusion of the European Respiratory Society’s report on the 

safety of e-ciagrette was:  ―   An increasing number of studies have used cell 

culture and animal models to investigate the effects of e-cigarettes. Most of 

these studies revealed adverse effects of e-cigarettes, although these were 

less pronounced than with conventional tobacco cigarettes. E-cigarettes 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 e-cigarettes, and cell culture 

experiments cannot be used to show long-term effects. Notably, nicotine and 

flavouring agents present in e-cigarettes products are thought to contribute to 

their toxic effects. Caution is needed in extrapolating e-cigarette 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 reflect a different exposure than inhalation of e-cigarette vapour. 

Whereas these in vitro and in vivo exposure studies raise concern regarding 

the use of e-cigarettes, conclusive answers will only be obtained with carefully 

conducted long-term studies in e-cigarettes users…‖.49 
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Studies on health effects of e-cigarette to vapers with small 
numbers of participants  
 

This section of the European Respiratory Society (ERS) on e-cigarette 

discussed data from studies focusing their investigation on human 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 (Center for Global Tobacco Control, Department of 

Society, Human Development, and Health, Harvard School of Public Health, 

Boston, MA; Smoking and Lung Cancer Research Center, Hellenic Cancer 

Society, Athens, Greece] involved 30 smokers versus controls who do not 

smoke. 30 healthy smokers participated in laboratory-based experimental vs 

control group study. Ab lib use of an e-cigarette for 5 min with the cartridge 

included [experimental group, n = 30) or removed from the device (control 

group, n = 10) was assessed.]. Results showed that acute inhalation ofe-

cigarette vapour increased respiratory impedance and airway resistance, but 

did not immediately impact forced expiratory volume in 1 s (FEV1)/forced vital 

capacity (FVC) ratio.53  

Another investigation explored acute effect of e-cigarettes on airway 

resistance. Respiratory symptoms, vital signs, exhaled NO, airways 

temperature, and airways resistance, specific airway conductance and single 

nitrogen breath test were assessed before and immediately after short term 

use of an e-cigarette (with 11 mg of nicotine) in COPD ( Chronic obstructive 

pulmonary disease ), asthma, ‗‘healthy‖ smokers, and never-smokers. Results 

showed that short term use of e-cigarette has acute effects on airways 

physiology and respiratory symptoms in COPD smokers, asthmatic smokers, 

―healthy‖ smokers and healthy never smokers, irrespectively of nicotine 

concentration. But researchers concluded that more studies are needed to 

investigate both short and long term effects of e-cigarette.54 

Another investigation with 15 smokers [smoking ≥15 cigarettes/day; 7 

females; 8 males) and 15 never-smokers completed repeated-measures in a 

controlled study. Smokers underwent a control session, an active tobacco 

cigarette smoking session and an active e-cigarette smoking session. Never-
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smokers underwent a control session, a passive tobacco cigarette smoking 

session and a passive e-cigarette smoking session. The results found that 

neither a brief session of active e-cigarette smoking, nor a 1 hour passive e-

cigarette smoking significantly affected the lung function (p > 0.001). 

Researchers concluded that no effect of acute E-cigarette vapour exposure 

on lung function as determined by FEV1/FVC ratio.55  

A study invstigated the long-term changes in spirometric indices as well 

as in respiratory symptoms in smokers invited to quit or reduce their cigarette 

consumption by switching to e-cigarette vaping. This was a prospective 

evaluation of cigarette consumption, spirometry and symptoms. It was 

performed in a 1-year randomized controlled trial of smokers exposed in e-

cigarette vapour containing 2.4%, 1.8% or 0% nicotine. Smokers switching to 

e-cigarette showed steady progressive improvements in their FEF25-75% 

Normalization of peripheral airways function was associated with 

improvement in respiratory symptoms, adding to the notion that abstaining 

from smoking can reverse tobacco harm in the lung.56 

Another similar study investigated the long-term changes in objective 

and subjective respiratory outcomes in smokers with a diagnosis of chronic 

pulmonary diseseases (COPD) who quit or reduced substantially their 

tobacco consumption by supplementing with or converting only to e-cigarette 

use. The results showed a significant reduction in COPD exacerbations in e-

cigarette users who also smoked conventional cigarettes (i.e. ‗dual users‘). In 

the other hand, COPD symptoms and ability to perform physical activities 

improved statistically in the e-cigarette group at both visits, with no change in 

the control group. Researtchers concluded that e-cigarette vaping use may 

aid smokers with COPD reduce their cigarette consumption or remain 

abstinent.57 

Telephone survey is a useful way to contact large numbers of people 

for health effects of various products. Researchers conducted a nationally 

representative cross-sectional telephone survey of ~5,000 US adults age 18 

and over (2016-2017). Most were current (40%) or former (30%) cigarette 

smokers, and 30% never smokers. Respondents by 58% reported at least 

one symptom, like cough, dry or irritated mouth or throat, dizziness or 
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lightheadedness, headache or migraine, shortness of breath, etc. A majority 

of e-cigarette users reported at least one symptom, most commonly cough or 

dry or irritated mouth or throat. Researchers suggest that future research 

should examine frequency of symptoms among different user groups of e-

cigarettes.58 

E-cigarettes are commonly used in attempts to stop smoking, but 

evidence is limited regarding their effectiveness as compared with that of 

nicotine products (nicotine patch, gum, lozenge, nasal spray, inhalator, etc) 

approved as smoking-cessation treatments. Researchers in the United 

Kingdom (UK, funded by the National Institute for Health Research and 

Cancer Research UK) randomly assigned adults attending U.K. National 

Health Service (NHS) stop-smoking services to either nicotine-replacement 

products of their choice, or an e-cigarette starter pack. A total of 886 

participants underwent randomization. Among participants with 1-year 

abstinence, those in the e-cigarette group were more likely than those in the 

nicotine-replacement group to use their assigned product at 52 weeks. 

Overall, throat or mouth irritation was reported more frequently in the e-

cigarette group and nausea more frequently in the nicotine-replacement 

group. The e-cigarette group reported greater declines in the incidence of 

cough and phlegm production from baseline to 52 weeks than did the 

nicotine-replacement group. There were no significant between-group 

differences in the incidence of wheezing or shortness of breath. The 

conclusion is that E-cigarettes were more effective for smoking cessation than 

nicotine-replacement therapy, when both products were accompanied by 

behavioral support.
59 

 Medical experts are worrying the e-cigarette use is increasing among 

pregnant women on the assumption that is much safer alternative to tobacco 

smoking. A review collected research papers from various data bases of 

scintific research in the period 2007-2017 (PubMed, EMBASE, etc). The 

search identified 91 articles (40 of which were used in the review). Most of 

the animal model studies (in vivo) suggest a potential danger to the 

developing fetus primarily because of the nicotine effects on the immune 

system, neural development, lung function, and cardiac function. From the 
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studies researchers noticed that there is widespread flawed perception that 

e-cigarettes are safe to use during pregnancy among pregnant women. 

But the results of the studies in experimental animals confirm the dangers 

of nicotine to the developing fetus. More research is needed to investigate 

in detail the adverse effects and the toxicological implications.
60  

 Tobacco cigarette smoke is well known to cause adverse effets to 

cardiovascular health. Scienists from Italy and New Zeeland investigated the 

potential of e-cigarette to cause adverse cardiovascular effects compared to 

conventional tobacco smoking. A crossover single-blind study in 40 healthy 

participants (20 smokers, 20 nonsmokers, matched for age and sex) was 

conducted. Each participant smoked a conventional cigarette then returned 1 

week later to vape a study E-cigarette with the same nominal nicotine content. 

Blood samples were drawn shortly before and 5 minutes after each episode 

and analyzed for platelet aggregation, soluble CD40-ligand (sCD40L) and 

soluble P-selectin (sP-selectin). At baseline, smokers had significantly higher 

levels of sCD40L and sP-selectin (biomarkers) than nonsmokers. Within 5 

minutes of using either a conventional cigarette or E-cigarette, changes in the 

levels of sCD40L, sP-selectin [soluble sP-CD40 and its ligand control humoral 

and cell-mediated immune responses, promoting asthma-associated 

inflammatory responses in the airways. sP-selectin is a biomarker for 

atherosclerosis and inflammation. Both provide prognostic information on 

cardiovascular events, as reported in the literature], and platelet aggregation 

(the clumping together of platelets in the blood. Platelet aggregation is part of 

the sequence of events leading to the formation of a thrombus or clot). These 

effects were detectable in both smokers and nonsmokers. In smokers, there 

were no significant changes in sCD40L and sP-selectin but there was a 

significant increase in platelet aggregation. In nonsmokers, there was a 

significant increase in all markers of platelet activation following both cigarette 

and E-cigarette use. Both traditional tobacco cigarettes and E-cigarettes have 

short-term effects on platelet activation, although in nonsmokers the use of E-

cigarettes had a less important impact.61 

 An Italian research group started in 2013 the first observational study 

assessing e-cigarette long-term effectiveness and safety, through the 
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comparison with conventional tobacco smokers and e-cig users. Data were 

available for 228 e-ciagrette users (adults 30-75 years old, all were ex-

smokers of combustible tobacco), 417 tobacco smokers and 216 dual users. 

The study observed 73 subjects with smoking-related diseases. Researchers 

did not find differences across groups in smoking-related disease rates. It was 

observed that of the e-cigarette users, 63% remained tobacco abstinent. After 

4 years of follow-up, a scarce, non-significant harm reduction was 

observed among e-cigarette or dual users. Given the long-lasting health 

effects of tobacco smoking, the benefits of e-cigarette use may start being 

detectable at the next follow-up. Researchers noticed that switcing to e-

cigarette may help tobacco quitters remain abstinent, but e-cig use in 

addition to tobacco did not increase the likelihood of smoking cessation or 

reduction.
62 

 

Outbreak of severe pulmonary disease and first deaths linked 
to vaping in the USA 
 

In the last few years the CDC, Centers for Disease Control and 

Prevention (USA), and Food and Drug Administration (FDA) followed very 

closely reports and cases of pulmonary diseases connected with vaping of e-

cigarette and other substances, such as cannabinoid products. 

[https://www.cdc.gov/ tobacco/basic_information/e-cigarettes/severe-lung-

disease.html ].  

The CDC posted in 30 August 2019 the following report: Outbreak of 

Severe Pulmonary Disease Associated with Using E-cigarette Products.  

―….CDC, U.S. Food and Drug Administration (FDA), state and local health 

departments, and other clinical and public health partners (in the USA) are 

investigating a multistate outbreak of severe pulmonary disease associated 

with e-cigarette product (devices, liquids, refill pods, and/or cartridges) use. 

This investigation is ongoing and has not identified a cause, but all reported 

cases have a history of using e-cigarette products, which usually contains 

nicotine, flavorings, and other chemicals. E-cigarettes can also be used to 

deliver marijuana products or other substances. As of August 27, 2019, 215 

https://www.cdc.gov/%20tobacco/basic_information/e-cigarettes/severe-lung-disease.html
https://www.cdc.gov/%20tobacco/basic_information/e-cigarettes/severe-lung-disease.html
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possible cases of severe pulmonary disease associated with the use of e-

cigarette products, have been reported by 25 states (U.S.) and additional 

pulmonary illnesses are under investigation. These are preliminary case 

counts based on initial reports. A new standardized case definition was 

released by CDC on August 25, 2019…‖  

―….The available evidence does not currently suggest that an infectious 

disease is the cause of the illnesses. The investigation has not identified any 

specific substance or e-cigarette product that is linked to all cases. Many 

patients report using e-cigarette products with liquids that contain cannabinoid 

products, such as tetrahydrocannabinol (THC), responsible for most of 

marijuana's psychological effects. These investigations are ongoing. CDC will 

provide updates when more information is available…‖. 

 

2D structure of Nicotine 

 

2D strucutre of Tetrahydrocannabinol 

Figure 7. The 2D (2-dimentional) chemical strucutre of Nicotine and 
Tetrahydrocannabinol (THC). Nicotine is a stimulant, potent parasympa-
thomimetic alkaloid and highly addictive. Nicotine overdose causes nausea, 
vomiting, diarrhea, abdominal pain, tachycardia (rapid heart rate), 
hypertension, etc. THC is one of at least 113 cannabinoids identified in 

cannabis. THC is a lipophilic molecule binding non-specifically to a variety of 
entities in the brain and body, such as adipose tissue. THC is one of the 
oldest hallucinogenic drugs known. 
 

The CDC report continues: ―…Based on reports from several U.S. 

states, patients have experienced respiratory symptoms (cough, shortness of 

breath, or chest pain), and some have also experienced gastrointestinal 

symptoms (nausea, vomiting, or diarrhea) or non-specific symptoms (fatigue, 

fever, or weight loss). Some patients have reported that their symptoms 

developed over a few days, while others have reported that their symptoms 

developed over several weeks. Some patients have reported gastrointestinal 

symptoms began before respiratory symptoms. Fever, elevated heart rate, 

and elevated white blood cell count have been reported, even though no 

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/index.htm
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/index.htm
https://en.wikipedia.org/wiki/Stimulant
https://en.wikipedia.org/wiki/Potency_(pharmacology)
https://en.wikipedia.org/wiki/Parasympathomimetic
https://en.wikipedia.org/wiki/Parasympathomimetic
https://en.wikipedia.org/wiki/Alkaloid
https://en.wikipedia.org/wiki/Addictive
https://en.wikipedia.org/wiki/Nausea
https://en.wikipedia.org/wiki/Tachycardia
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Cannabinoid
https://en.wikipedia.org/wiki/Cannabis_(drug)
https://en.wikipedia.org/wiki/Lipophilic
https://en.wikipedia.org/wiki/Adipose_tissue
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infectious disease has been identified. Many patients sought medical care in 

ambulatory settings, sometimes over several visits, before they were admitted 

to the hospital. Many patients have required medical treatment with 

supplemental oxygen. Some patients required assisted ventilation, while other 

patients have been treated with corticosteroids with demonstrated 

improvement. Evidence does not suggest an infectious disease is the cause 

of the severe pulmonary disease. Antibiotic therapy alone has not consistently 

been associated with clinical improvement……‖ 

Few days before the CDC statement, the medical authorities in Illinois 

announced the first dath related to vaping. The CDC Director‘s gave a 

statement (23.8.2019) on the first death related to the outbreak of severe lung 

disease in people who use e-cigarette or ―vaping‖ devices [–Robert R. Redfield, 

MD, Director, Centers for Disease Control and Prevention]. Electronic access 

 [https://www.cdc.gov/media/releases/2019/s0823-vaping-related-death.html ]. 

―….. We are saddened to hear of the first death related to the outbreak of 

severe lung disease in those who use e-cigarette or ―vaping‖ devices. CDC’s 

investigation is ongoing. We are working with state and local health 

departments and FDA to learn the cause or causes of this ongoing outbreak. 

This tragic death in Illinois reinforces the serious risks associated with e-

cigarette products. Vaping exposes users to many different substances for 

which we have little information about related harms – including flavorings, 

nicotine, cannabinoids, and solvents. CDC has been warning about the 

identified and potential dangers of e-cigarettes and vaping since these 

devices first appeared. E-cigarettes are not safe for youth, young adults, 

pregnant women, or adults who do not currently use tobacco products..‖. 

 The news for the first death linked to vaping was reported in 

newspaper and TV stations reports: BBC News US & Canada, Firsty death 

linked to vaping reported in Illinois, 24.8.2019. 

https://www.bbc.com/news/world-us-canada-49452256]. 

―,,,,,A patient has died after developing a severe respiratory disease 

due to vaping in the first such death in the US, say health officials. It comes as 

experts investigate a mystery lung disease across the US that is linked to use 

of e-cigarettes. The CDC said there were 193 "potential cases" in 22 US 

https://www.cdc.gov/media/releases/2019/s0823-vaping-related-death.html
https://www.bbc.com/news/world-us-canada-49452256
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states. Many of the cases involve vaping THC, the main active compound in 

cannabis, CDC experts said. The cases were reported over the course of two 

months between 28 June and 20 August. The person who died was 

"hospitalized with unexplained illness after reported vaping or e-cigarette 

use". What is the illness? The cause of the mystery illness has not been 

identified, but all involve vaping in some form. "In many cases, patients have 

acknowledged recent use of THC-containing product (tetrahydrocannabinol). 

Symptoms in affected vapers including coughing, shortness of breath and 

fatigue as well as vomiting and diarrhoea. There is no evidence of an 

infectious disease, such as a virus or bacteria - being responsible…‖. 

A second death of vaper in Oregon was announced in September 2019 

by public health authorities and reported by the Associated Press [Published 

on September 5, 2019, https://eu.usatoday.com/story/news/health/ 

2019/09/05/vaping-death-oregon-man-dies-thc-vape-dispensary]. ―…Portland, 

Oregon.–Public health officials in Oregon said that a person who recently died 

of a severe respiratory illness had used an electronic cigarette containing 

marijuana oil from a legal dispensary, the second death linked to vaping 

nationwide and the first tied to a vaping product bought at a pot shop. Officials 

have not determined what sickened the middle-aged adult, whether the 

product was contaminated or whether they may have added something to the 

liquid in the device after buying it. The oficial declined to name the brand of 

the product or the dispensary during the investigation and said it‘s the only 

case of vaping-related illness or death in Oregon that authorities know about. 

The investigation has not yielded exactly what it is in this product…‖. 

In 6 September 2019, the prestigious medical journal New England 

Journal of Medicine publishedt a preliminary report on the subject  by Layden 

JE, Ghinai I, Pray I, et al. Pulmonary illness related to E-cigarette use in Illinois 

and Wisconsin—Preliminary Report. N Engl J Medic 6.9.2019, DOI: 

10.1056/NEJMoa1911614. Abstract: ―…There were 53 case patients, (83% 

male); the median age of the patients was 19 years. The majority of patients 

presented with respiratory symptoms (98%), gastrointestinal symptoms 

(81%), and constitutional symptoms (100%). All case patients had bilateral 

infiltrates on chest imaging (which was part of the case definition). A total of 

https://eu.usatoday.com/story/news/health/%202019/09/05/vaping-death-oregon-man-dies-thc-vape-dispensary
https://eu.usatoday.com/story/news/health/%202019/09/05/vaping-death-oregon-man-dies-thc-vape-dispensary
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94% of the patients were hospitalized, 32% underwent intubation and 

mechanical ventilation, and one death was reported. A total of 84% of the 

patients reported having used tetrahydrocannabinol products (THC) in e-

cigarette devices, although a wide variety of products and devices was 

reported. Syndromic surveillance data from Illinois showed that the mean 

monthly rate of visits related to severe respiratory illness in June through 

August of 2019 was twice the rate that was observed in the same months in 

2018. Scientists concluded: Case patients presented with similar clinical 

characteristics. Although the features of e-cigarette use that were responsible 

for injury have not been identified, this cluster of illnesses represents an 

emerging clinical syndrome or syndromes. Additional work is needed to 

characterize the pathophysiology and to identify the definitive causes….‖. 

In the beginning of September 2019 health officials in the US have 

urged people to stop vaping after 5 persons-vapers died from an unknown 

lung disease. Some 450 people have also fallen ill with serious breathing 

problems as concerns grow about the safety of e-cigarettes. The latest death 

was a 55-year-old man in California who had underlying health conditions. 

The first death happened in Illinois and since then another 4 people have also 

died in Oregon, Indiana, California (Los Angeles) and Minnesota. The US 

Centers for Disease Control and Prevention (CDC) has now advised people 

not to vape until they know what is causing the lung conditions. [Washington 

Post, 7.9.2019. https://www.washingtonpost.com/health/2019/09/07/what-we-

know-about-mysterious-vaping-linked-illnesses-deaths/‘]. 

The CNN NEWS reported in 6.9.2019 the new developemnts on the 

pattern of lipoid pneumonia. ―… In another report (New England Journal of 

Medicine) doctors said they found different imaging patterns on lung scans — 

which could suggest "different mechanisms of injury. One of these patterns 

was lipoid pneumonia.  Doctors suggested that "….It can occur when either 

oils or lipid-containing substances enter the lungs," explained one of the 

authors of that report, (Dr. Daniel Fox), a pulmonary and critical care 

physician at WakeMed Health and Hospitals in North Carolina. According to 

his report, one possible explanation for why five patients developed lipoid 

pneumonia was that aerosolized oils deposited in their airways, causing local 

https://www.washingtonpost.com/health/2019/09/07/what-we-know-about-mysterious-vaping-linked-illnesses-deaths/
https://www.washingtonpost.com/health/2019/09/07/what-we-know-about-mysterious-vaping-linked-illnesses-deaths/
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inflammation that impaired their lung function. Case reports from previous 

years have linked vaping to lipoid pneumonia. 

CNN-NEWS. 6.9.2019. https://edition.cnn.com/2019/09/06/health/cdc-vaping-

lung-disease-investigation-update-bn/index.html (accessed September 2019). 

 

Figure 8. Computed Tomographic Scans of the Chest Obtained from Patients 

with Vaping-Associated Lung Injury. Panel A. An image obtained from a 20-

year-old man with diffuse alveolar damage shows dependent consolidation 

and diffuse ground-glass opacity. The patient underwent intubation on 

hospital day 2 but eventually recovered after receiving glucocorticoid therapy. 

Panel B. An image obtained from a 19-year-old woman with acute 

eosinophilic pneumonia, shows diffuse nodular areas of consolidation and 

ground-glass opacity, with mild septal thickening and a small right pleural 

effusion. The patient‘s symptoms improved after cessation of vaping. Panel C, 

pattern of hypersensitivity pneumonitis. Panel D. image obtained from a 49-

year-old woman with giant-cell interstitial pneumonia, which was diagnosed 

on the basis of findings on surgical biopsy of the lung and was attributed to 

cobalt (Co) in her vape pen.  

Cristiani DC. Editorial: Vaping-induced lung injury. N EnglJ Med 6.9.2019, 

DOI:10.1056/NEJMe19120132. 

Correspondence in New England Journal of Medicine (6.9.2019). Imaging of 

vaping-associated lung diseases 6.9.2019, DOI: 10.1056/NEJMc1911995. 
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Conclusions 

Electronic cigarettes (e-cigs) are battery-operated devices that heat a 

liquid usually containing nicotine, producing a vapor that the user inhales. E-

cigarettes entered the markets in the United States and European markets in 

2006 and their worldwide use spread very quickly. They are now very popular 

among teens and young people. Their easy availability, alluring 

advertisements, various e-liquid flavours, and the belief that they're safer than 

tobacco cigarettes have helped make them appealing to tobacco smokers 

who want to change from conventional combustible tobacco smoking. The 

nicotine in e-cigarettes is readily absorbed from the lungs into the 

bloodstream and nicotine stimulates the adrenal glands to release the 

hormone epinephrine (adrenaline). Epinephjrine stimulates the central 

nervous system in the brain and increases blood pressure, breathing, and 

heart rate. As with most addictive substances, nicotine activates the brain‘s 

reward circuits. Initial research suggested that e-cigarettes are less harmful 

than tobacco cigarettes because vapour contains less toxic substances. But 

nicotine in any form is a highly addictive drug. Research suggests it can even 

prime the brain‘s reward system, putting vapers at risk for addiction to other 

drugs. Also, e-cigarette use exposes the vapers‘ lungs to a variety of 

chemicals, including those added to e-liquids, and other toxic and 

carcinogenic chemicals (metals) produced during the heating/vaporizing 

process. Vaping contains potentially toxic metal nanoparticles, and 

microparticle in smoke cloud. While e-cigarettes have the potential to benefit 

some people and harm others, scientists still have a lot to learn about whether 

e-cigarettes are effective for quitting smoking. Recently (2019), The Centers 

for Disease Control and Prevention (CDC) and the Food and Drug 

Administration (FDA) in the USA are investigating reports of lung illnesses tied 

to vaping, or using e-cigarettes. There were 450 reports of illness across the 

states of the U.S. between June and September 2019, and 5 premature 

deaths in people who were vapers of e-cigarettes. Investigators don't know 

the cause. They haven't identified a single common brand, product, or drug 

across all of the cases. Research on adverse health effects is ongoing. 

 

https://www.businessinsider.com/national-academies-sciences-report-vaping-e-cig-research-health-effects-2017-1-2018-1
https://www.insider.com/is-vaping-safe-lung-injury-cases-skyrocket-thc-2019-9
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