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Vaping is a modern method people use to inhale nicotine and other
chemicals. Initially introduced as electronic cigarettes or “e-cigs,”
these products were promoted to help reduce the health risks of
smoking. Within a few years, e-cigarette manufacturers developed
new designs, styles, and flavors, and vaping was born. While most kids
do not vape, these sleek products have become more popular and
put young people’s health at risk. While the negative health effects
of smoking tobacco are well-known, many people think of vaping as
harmless. Unfortunately, this is not true. This article will discuss the
most important impacts from vaping on the brain, lungs, and other
parts of the body.

Smoking is the action of breathing in the gases and small particles
that come from burning a plant called tobacco. The leaves of tobacco
are most often rolled into white paper tubes called cigarettes. While it
may seem unimaginable now, when cigarettes first became popular
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TOXIN

A family of chemicals
that cause damage to
cells and tissues of the
body when they are
taken in.

Kelly and Levy Vaping and E-Cigarettes

in the 1940's, many people thought that smoking was healthy. We
now know that the opposite is true: cigarette smoking causes a lot
of health problems—including bronchitis, emphysema (a type of lung
inflammation), heart disease, and cancer—making smoking the leading
cause of avoidable death around the world. The good news is that
decades of public health education, along with new ways to help
smokers quit, have decreased the number of people who smoke to the
lowest numbers ever seen (14% of adults in the USA in 2018) [1].

For generations, scientists, doctors, and inventors have been looking
for technology that could stop the damage to people who smoke
cigarettes. It started out with people making “light” or “mild” cigarettes.
In 2003, a pharmacist from China invented what we today call
electronic cigarettes or e-cigs, by dissolving nicotine and other
chemicals in a fluid called “juice” or “e-liquid.” When the juice is
heated, the liquid becomes a gas that can be inhaled. The parts
of the e-cigarette are shown in Figure 1. He hoped his invention
would help people who smoke, but we now know that, just like
smoking cigarettes, vaping causes injury to the lungs and other
health problems.

HOW DO E-CIGARETTES HURT PEOPLE?

Both cigarette smoke and e-cig vapor are inhaled into the lungs and
bring chemicals into the blood, but there are important differences.
Smoke comes from the chemical reaction that happens when oxygen
and a flame mix with the compounds inside the tobacco leaves, like a
campfire. Smoke is a mixture of hot gases and small particles. Vapor
comes from the physical change of a liquid to a gas, like boiling water
makes steam. While “vapor” sounds harmless, in this case, the vapor
carries dangerous chemicals. Because vapor can be inhaled more
deeply than smoke, nicotine and other dissolved chemicals can get
further into the body and are absorbed in higher doses.

E-cigarette juice (or e-liquid) contains nicotine, flavoring, and other
chemicals in a liquid carrier called propylene glycol or glycerol. When
the juice is heated to 400-485°Fahrenheit, it becomes a gas that can
be inhaled. Because the liquid is heated to such high temperatures,
many chemical reactions occur, and we do not always know what
new chemicals will be created. We do know that e-cigarette gas can
contain toxins (poisons) including diacetyl, acrylonitrile, propylene
oxide, formaldehyde, and crotonaldehyde, amongst others. These
toxins are known to cause cancer and asthma-like inflammation.

Inside the mouth, immediately after entering the body, gas from the
e-cigarette starts its assault. Irritation and damage to the lining of the
mouth, nasal passages, and throat can occur with very little exposure.
These tissues are also exposed to the cancer-causing chemicals that
are carried in the vapor. Once inside the lungs, chemicals from vape
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Figure 1

How does an
e-cigarette work?
(Image credit: [2]).

EVALI (OR
E-CIGARETTE OR
VAPING-ASSOCIATED
LUNG INJURY)

The damage to the

lung tissues that results
in serious breathing

problems for some
users of vaping devices.
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THE E-CIGARETTE

== THE CARTRIDGE
This holds the e-liquid
(substance). It comes
(- prefilled or refillable. It is
usually combined with an
atomizer as one unit.
€

= THE ATOMIZER

It is a coil that is a heating
element which helps
convert e-liquid to tiny
airborne droplets (aerosol).

THE SENSORS
E-cigarettes without a
1 power button will turn
on when the user inhales

through it. E-cigarettes
l:ll]:l with or without a power
button require sensors to
turn on.

4 THE BATTERY

It is a rechargeable lithium
ion battery, which provides
enough current to heat the
atomizer to 400 degrees
Fahrenheitt in seconds.

Lo

Figure 1

gas can cause damaging effects, including increased mucous, airway
inflammation, scarring, and in the most severe cases, major problems
absorbing oxygen [3].

From 2019-2020, 27 people died from e-cigarette or vaping-
associated lung injury (EVALI), many of them young and previously
healthy. These people had the most serious form of lung damage from
vaping, but many more people who vape have milder forms of lung
injury. Sometimes the symptoms—like feeling short of breath quicker
than you are used to—are barely noticeable. Some people who vape
may think that nothing is wrong at all, but medical tests can still find
evidence of lung injury. The good news is that most people’s lungs
appear to get better once they quit vaping.
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NEUROTRANSMITTER

Small molecules that
act as signals between
neuron cells of

the brain.

ACETYLCHOLINE

A neurotransmitter sent
out from one neuron
that excites or activates
another neuron.

ACETYLCHOLINE
RECEPTOR

A protein switch that
sits on neuron outer
membranes, that
excites the cell when it
is turned on by our
own acetylcholine or
vaped nicotine.
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IS THE NICOTINE IN VAPES THE SAME AS THE NICOTINE IN
CIGARETTES?

The nicotine in many vape pods is chemically different from the
nicotine in tobacco. It has an extra charged particle that allows it
to be absorbed through the lungs into the blood more quickly than
nicotine from cigarette smoke. Also, the vapor from a vape pen can
reach the very small air sacs at the bottoms of the lungs, much deeper
than smoke from a cigarette. These two factors together mean that
more nicotine is delivered to the brain faster from vaping than from
smoking a cigarette. When people vape, they bombard their brains
with high concentrations of nicotine, delivered in an instant. The
big “nicotine rush” or “buzz” makes vaping even more addictive than
smoking cigarettes.

If vaping is not healthier, why did people start doing it? Advertising,
misunderstanding of the danger, and addiction to nicotine are all parts
of the answer. Companies made cool-looking vapes and then heavily
advertised vaping as something fun to do. These same companies
claimed that vapes are safe and even healthy! Those claims turned
out to be false but, in the meantime, lots of people started vaping and
many ended up addicted to nicotine, making it very challenging for
them to quit.

WHO IS USING VAPE PENS?

Here's the scariest part: vape pen use is growing in teenagers and
young adults! Because of all the marketing and advertisements that
incorrectly told people that vaping was fun and harmless, vape pens
became popular with middle- and high-school students over the
past 5-10 years. Some people start by vaping “just flavors,” to avoid
nicotine. Unfortunately, the flavors and other chemicals in vapes cause
lung damage and other health problems. We also know that, sooner or
later, most people who start vaping end up switching to e-cigarettes
with nicotine in them, and once people start using nicotine, they are
likely to become addicted, meaning they lose control over their use of
e-cigs and find it hard to quit even when they want to.

VAPING SOUNDS HORRIBLE! WHY DO PEOPLE KEEP DOING
IT?

Nicotine is a chemical made by tobacco leaves that looks and acts
like a neurotransmitter (a normal chemical signal in the brain) called
acetylcholine. Nicotine is a stimulant, so when it binds to molecules
in the brain called acetylcholine receptors, it increases brain activity.
In low doses, nicotine can help people concentrate, just like the
medications that are used to treat attention-deficit/hyperactivity
disorder (ADHD). Some people may find it tempting to use nicotine
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These brain scan
images show the
activity of brain cells
after increasing doses
of nicotine are inhaled
from reqular cigarettes.
The images are
oriented as if we were
looking down on the
brain from above. The
blue spots show the
brain areas where
nicotine binds to the
acetylcholine receptors
on the brain cells. You
can see that increasing
doses of nicotine
clearly acting on cells
throughout the brain
from front to back.
Nicotine impacts many
regions and functions
of the brain each time it
is used (Image credit:
[4).

The unpleasant
physical and mental
experience that can
occur when a person
stops using a substance
that was acting on

the brain.

A neurotransmitter that
activates neurons in
parts of the brain
involved in feeling
rewards and addiction.
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Nothing Three One Three

Puffs Clgarette Clgarettes

to help them focus better. The problem is that the dose of nicotine
from vaping is too high and too short lasting. Figure 2 shows how
widely and intensely nicotine can bind to the acetylcholine receptors
in the brain. The high level of nicotine found in e-cigs actually makes
it harder to concentrate. Because nicotine comes and goes so quickly,
people who use it repeatedly get withdrawal symptoms. Withdrawal
is when your brain and body start missing and looking for the
powerful chemical they are used to. Symptoms of nicotine withdrawal
can include headaches, nausea, and irritability—these symptoms can
make it even harder to concentrate. While nicotine can make it
difficult for anyone to concentrate and do well at school, people
with ADHD are especially vulnerable because nicotine can make their
symptoms worse.

When people use nicotine, they get a rewarding sensation that is
similar to the "high” from other drugs, but much briefer. Like other
drugs, nicotine boosts the neurotransmitter dopamine in certain areas
of the brain called reward circuits. Activating reward circuits feels
good and reinforces drug use. If use continues, nicotine changes the
brain circuits involved in learning, stress, and self-control. When these
changes happen, people develop what we call addiction, or loss of
control over their use. In other words, even though they want to stop
using nicotine, they find it really hard to quit.

Using nicotine can cause some other problems too, especially in
teenagers whose brains are still developing. Disturbing acetylcholine
receptors when the brain is maturing can change how the brain works.
Scientific evidence shows that nicotine interferes with the parts of the
brain that are needed for learning throughout life. People who use
nicotine as teenagers are also more likely to become depressed when
they are adults.
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IF SOMEONE OFFERS YOU A VAPE, REMEMBER THIS!

Vaping nicotine is expensive, can damage the lungs and lead to other
health problems, and can also cause difficulties with concentration,
learning, and mood. The prevalence of vaping has increased among
young people because of the myth that e-cigarettes are a safe way to
use nicotine. The big burst of nicotine people get from vaping can lead
to addiction and problems with brain development.

Quitting nicotine is challenging, especially for people who have
become addicted. On the bright side, there are medications that can
help treat the discomfort from nicotine withdrawal symptoms and
reduce nicotine cravings. If you think you or someone you know has
become addicted to nicotine, ask a parent, doctor, or teacher for
help. Young people need accurate information about the dangers of
vaping so they can make the best decisions about protecting their
health. If you have questions, do not trust what you see in an ad or
on social media! Ask a parent, teacher, or healthcare professional for
accurate information. Together with support from friends, relatives,
and professional counselors, we can all help people quit vaping!

REFERENCES

1. Centers for Disease Control and Prevention. 2014. The Health Consequences of
Smoking—-50 Years of Progress: A Report of the Surgeon General. CDC.

2. Centers for Disease Control and Prevention. 2021. About Electronic Cigarettes
(E-Cigarettes). CDC. Available online
at: https://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e
-cigarettes.html

3. King, B. A, Jones, C. M., Baldwin, G. T., and Briss, P. A. 2020. The EVALI and youth
vaping epidemics — implications for public health. N. Engl. J. Med.
382:689-91. doi: 10.1056/NEJMp1916171

4. National Institute on Drug Abuse. 2008. Imaging Studies Elucidate Neurobiology
of Cigarette Craving. NIDA. Available online
at: https://archives.drugabuse.gov/news-events/nida-notes/2008/12/imaging
-studies-elucidate-neurobiology-cigarette-craving

SUBMITTED: 26 March 2021; ACCEPTED: 14 February 2022;
PUBLISHED ONLINE: 14 March 2022.

EDITOR: Bahtiyar Yilmaz, Bern University Hospital, Switzerland
SCIENCE MENTOR: Mei Fang Hsu

CITATION: Kelly SH and Levy S (2022) What Is Vaping? Front. Young
Minds 10:685883. doi: 10.3389/frym.2022.685883

kids.frontiersin.org March 2022 | Volume 10 | Article 685883 | 6


https://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e-cigarettes.html
https://doi.org/10.1056/NEJMp1916171
https://archives.drugabuse.gov/news-events/nida-notes/2008/12/imaging-studies-elucidate-neurobiology-cigarette-craving
https://loop.frontiersin.org/people/669572
https://loop.frontiersin.org/people/1019317
https://doi.org/10.3389/frym.2022.685883
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.685883
https://kids.frontiersin.org/article/10.3389/frym.2022.685883
https://kids.frontiersin.org/article/10.3389/frym.2022.685883

Kelly and Levy Vaping and E-Cigarettes

CONFLICT OF INTEREST: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

COPYRIGHT © 2022 Kelly and Levy. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

YOUNG REVIEWER

ETHAN, AGE: 15

Hi! My name is Ethan. At my regional science fair, | won Best Junior Project, Best
Biology Project, Gold Medal, and a qualification to the Canada-Wide Science Fair,
where | achieved a bronze medal. | have also been a finalist at the InspoScience
Canada IRIC. Besides, | enjoy debating, having won the title of national champion
and second speaker this past year, and public speaking. | am an avid writer, being
published for my poems, short stories, and argumentative articles.
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