ACTION NEEDED:
E-CIGARETTES
Since their introduction in 2008, e-cigarettes have
become both ubiquitous and an increasing source
of public policy concern and debate. This concern
stems primarily from drastic increases in youth
e-cigarette use. The most recent data show that
27.5% of high schoolers are using these products
— a rate of youth tobacco product use not seen in
nearly two decades. The public health community,
parents and educators are shocked and worried
to find their children and students using these
products at home and even in class. Young people
are reporting severe signs of dependence,
including using e-cigarettes when they first wake
up, inability to concentrate in the classroom without
using an e-cigarette, and even waking in the night
to get a nicotine fix.
We have known for decades that youth in particular
should not be exposed to nicotine because it
changes brain chemistry to create a stronger
addiction, can lead to memory and concentration
problems, and can make youth who use it more
susceptible to addiction to other substances.
Research also suggests that young people who use
e-cigarettes are four times more likely to go on to
smoke combustible cigarettes.
E-cigarettes are now threatening to undo all the
progress that the public health community and
government have made over decades to reduce
cigarette smoking. Indeed, the surgeon general
raised the alarm by issuing an advisory declaring
a youth e-cigarette epidemic in December 2018.
Since then, data show that more and more youth
continue to use e-cigarettes. And this isn’t just
experimental or occasional use — it’s regular
use likely driven by addiction. The most recent
National Youth Tobacco Survey data show that
34.2% of current high school e-cigarette users
use them on 20 days or more per month.
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E-cigarettes are now threatening
to undo all the progress that the
public health community and
government have made over decades
to reduce cigarette smoking
Current generation of e-cigarettes
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Conversely, as the youth e-cigarette epidemic
has continued unabated, we have seen adults,
and especially older smokers, simply reject
the product. In 2014, the first year that the
National Health Interview Survey measured
adult use of e-cigarettes, 3.7% of adults used
the product in the last 30 days. In 2018, the adult
usage remained low, at 3.2%, and was largely
driven by young adult users (7.6%), who have
matured during the youth e-cigarette epidemic.
While some adults have switched completely
to e-cigarettes from combustible cigarettes,
the predominant pattern among adult users
continues to be e-cigarette use in conjunction
with smoking. This “dual use,” however, provides
no reduction in the harms associated with
smoking.
As youth use continues to rise, the science
around the potential harms of e-cigarettes has
grown. Studies show that e-cigarettes produce
lower amounts, but are not free from the toxins
found in cigarettes. At the same time, flavoring
compounds and other ingredients may be
producing their own unique harms. Recent
studies demonstrate the harms e-cigarettes pose
to the respiratory system. Similarly, new studies
show e-cigarettes may present unique threats to
cardiovascular health. It continues to be nearly
impossible to make generalized statements about
the potential harms and benefits of the overall
category of e-cigarettes due to the incredible
variation in hardware design and ingredients.
Moreover, as industry executives themselves
have acknowledged, we simply do not know the
long-term health impacts of e-cigarette use. It
took us many decades to understand the toxicity
of cigarettes, and, even today, we are discovering
new ways in which they harm health.
Simply put, the data show that e-cigarettes as
they are currently sold and regulated in the United
States are overwhelmingly a vehicle for youth
initiation, not adult cessation. E-cigarettes expose
kids — who otherwise never would have been —
to nicotine and put them at risk for both long- and
short-term health consequences.
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Vaping-related
illness outbreak
As of this writing (November 2019), the country is
experiencing an outbreak of vaping related illnesses.
More than 2,000 cases have been reported across
49 states with 39 deaths. Most of these cases were
from users who reported use of THC, about 86%
reported use of THC and 64% reported use of nicotine
vaporizer products and 11% report exclusively using
nicotine products. The Centers for Disease Control
and Prevention continues to update this information
on its website. On November 8, 2019, the CDC
identified vitamin E acetate as a significant concern in
the outbreak, finding the chemical in all 29 samples
it had analyzed from victims. The CDC states, “it is
possible that more than one compound or ingredient
could be a cause of lung injury, and evidence is
not yet sufficient to rule out contribution of other
toxicants.” It continues to advise non-smokers to
avoid vaping of any variety and for everyone to avoid
all vaping products purchased “off the street.”

THE POSITION OF TRUTH INITIATIVE®
Truth Initiative has maintained that there may be
some possible public health benefit from properly
regulated e-cigarettes, provided manufacturers
can demonstrate that the products can help adults
quit smoking combustible cigarettes safely and
completely. However, no e-cigarette has been
approved for smoking cessation and no e-cigarette
has gone through the rigorous scientific review
necessary to determine whether it actually does help
smokers to quit. Furthermore, any public health
benefit from e-cigarettes for smokers must be
weighed against the incredibly high youth use of
e-cigarettes and the fact that there are currently no
significant marketing restrictions on these products.
Without a significant change in regulatory approach,
it is unlikely that e-cigarettes will contribute to the
overall benefit of public health.
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While the industry was creating the e-cigarette
problem, the federal government had the tools it
needed to slow — if not prevent — this epidemic.
Unfortunately, it failed to use them. The government
must use those tools now to rein in and reverse this
dangerous turn of events. It took the Food and Drug
Administration until 2016 to assert authority over
e-cigarettes, despite being given the ability to do so
by Congress in 2009. Once they had the authority, the
FDA could have ensured that products were reviewed
to determine whether they provided any public health
benefit, as required by the Tobacco Control Act, and
that strong marketing restrictions were in place to
protect youth. However, in 2017 the FDA chose to
delay the due date for all e-cigarettes to submit their
scientific public health review applications to 2022.
This left products on the market about which the
public (or the FDA for that matter) knew nothing —
particularly in terms of their individual health effects,
appeal to youth, and risks and benefits to smokers
— unchecked for five additional years. It also opened
the door for the newest generation of high-nicotine
content e-cigarette products, such as JUUL and
Suorin Drop, to hit the market.
These high tech “pod” or “pod mod” products are
easily concealable, come in fruit and candy flavors
highly attractive to youth, and some were introduced
to the market with advertising campaigns aimed
directly at young people. Although one of the
manufacturers, market leader JUUL, has announced
its plan to halt distribution of some flavors, it will
continue to sell mint/menthol flavors, which nearly
two-thirds of high school vapers use. In addition,
other nicotine pod brands continue to sell a wide
variety of fruit and candy flavors and market the
products, featuring highly appealing advertising and
social media campaigns directed at youth.
As we find ourselves in the midst of another tobacco
epidemic, many e-cigarette companies try to claim
that they are not part of the tobacco industry. That is
simply not true. Tobacco companies either fully own
or have significant vested interest in four of the top
five e-cigarette companies. E-cigarette companies
are emulating their Big Tobacco siblings in order to
entice kids and increase their market share. Tactics
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E-cigarette companies are
emulating their Big Tobacco
siblings in order to entice kids
and increase their market share.
such as increasing their nicotine content; marketing
their products with slick, colorful ads and using
popular social media influencers; and claiming that
their products are safer, despite no federal review of
the products or these safety claims, come straight
out of the Big Tobacco playbook.
As a result, we have a situation where millions of
youth are at risk of addiction to these products
while no one, including the FDA or the e-cigarette
companies themselves, knows the long-term or
even all the potential short-term health effects.
Truth Initiative, along with several other public
health organizations, has sued the FDA to force the
agency to take action much sooner than 2022 in
order to get this epidemic under control. The court
ruled that e-cigarette manufacturers must submit
their scientific information on the public health
impact of their products by May 2020. Additionally,
in September 2019, the administration stated that
it would pull all flavored e-cigarettes off the market
until the manufacturers could show that a flavored
e-cigarette has a public health benefit. As of this
writing, the administration has not moved forward
with this plan.
In the meantime, the public health community and
all levels of government must help the millions of
youth and young adults who are now being exposed
to nicotine and prevent this generation from falling
into the next trap set by the tobacco industry. The
FDA has many tools at its disposal to address the
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situation but it has chosen not to use them. The time
is long past for the FDA to take action and use its
authority to correct this massive regulatory failure. In
addition, states and some localities can take action to
protect their youngest citizens.

These include prohibitions on:

» Sponsorships of sports and cultural events
» Self-service access to the products (i.e.,
keeping the products behind the counter)

» Free gifts with purchase, other than

We outline key actions all levels of government should
take below.

FEDERAL ACTION NEEDED
>

>

tobacco products (i.e., no branded t-shirts,
hats, etc.)
>

FDA review: First and foremost, the FDA must
enforce its authority to require a full scientific
review of all e-cigarette products to determine
their impact on public health. The agency must
adhere to the court-ordered date of May 2020
and take products that do not comply off the
market immediately. If the FDA had done this
in the first place, many of the problems we’re
seeing now, including skyrocketing youth use,
would have been significantly reduced.

» Other federal agencies have a role to
play as well. For example, the Federal
Trade Commission (FTC) must also
ensure that all industry-funded influencer
endorsements clearly indicate that they
are paid advertisements and clearly
indicate the risks associated with
nicotine use.

Extend marketing restrictions on cigarettes
to e-cigarettes: The FDA must restrict
e-cigarette marketing so that it does not target
or appeal to youth. Specifically, the agency
must immediately extend the marketing
restrictions that apply to combustible
cigarettes to e-cigarettes.

The FDA must enforce its authority
to require a full scientific review
of all e-cigarette products to
determine their impact
on public health.

Other marketing restrictions: E-cigarette
manufacturers have marketed their product as
sleek and high tech using similarly high-tech
marketing tactics in digital and social media
as well as social media influencer campaigns.
The FDA must institute restrictions on this
type of marketing — particularly as it applies to
third parties who endorse products on behalf
of tobacco companies.

» The FTC must collect data from the
e-cigarette industry on marketing
spending just as they do for cigarettes
and smokeless tobacco.
>

Internet sales: The FDA should prohibit all
non-face-to-face sales, along with internet
sales, of all tobacco products, including
e-cigarettes.

>

Product standards: The FDA also has
the ability to institute product standards
on e-cigarettes, preventing the sale and
marketing of any product that does not adhere
to those standards. This is a powerful tool the
agency needs to exercise in several areas:

» Flavor restrictions: Truth Initiative has
long supported the removal of flavors in
cigarettes, cigars and smokeless tobacco
products. We know that flavors have
overwhelmingly been used to attract
November 2019
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those who have not previously used
nicotine or tobacco products. Given the
state of the youth e-cigarette epidemic,
we strongly support removing all
flavored e-cigarettes from the market,
including mint and menthol, pending
an FDA review. The burden should
always have been on manufacturers
to show that their products would not
appeal to youth before going to market.
Given what we now know about how
dramatically flavors influence youth
e-cigarette use, the burden should be
high. We support a permanent ban
on flavors unless a manufacturer can
demonstrate three things to the FDA:
1) that a particular flavor helps current
tobacco users to stop smoking, 2) it
will not lead non-tobacco users, such
as youth, to start, and 3) it does not
increase the risk of harm from using the
product.

Flavors have overwhelmingly
been used to attract those who
have not previously used
nicotine or tobacco products.

» Good manufacturing standards: The
FDA must ensure that all e-cigarettes
deliver nicotine at the level indicated
on the package, minimize hazardous
constituents and are manufactured at the
highest quality standards.

» Product packaging: E-cigarettes and
e-liquid in particular should come only
in child-resistant packaging to prevent
young people from ingesting these
products, which causes sickness and, in
some cases, can be fatal.

» Restrictions on nicotine concentrations
and delivery: There are currently no
restrictions on the concentrations of
nicotine in e-cigarette products in the
U.S. JUUL, the most popular e-cigarette
in the U.S., contains 59mg/ml (or
5%) nicotine. Some of its competitors
contain as much as 7% nicotine. This
is in stark contrast to the European
Union, where the highest nicotine
concentration allowed is 20 mg/ml (2%).
Truth Initiative supports restricting
not only the nicotine levels but also
the mechanism by which nicotine
is delivered to reduce the level of
nicotine actually delivered to the body
in e-cigarettes. This will help reduce its
addictiveness.
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» Battery safety: The FDA should ensure
that battery and device quality are sufficient
to prevent explosions and overheating.
>

Enforcement: The FDA must use its
considerable enforcement authority to ensure
that all aspects of the Tobacco Control Act,
as well as all subsequent regulations, are
enforced to the full extent of the law. Without
enforcement, these measures will not protect
youth. Additionally, other federal agencies,
such as the FTC, should work with the FDA to
protect against misleading marketing.

>

Taxation: Federal, state and local tax-writing
authorities should set the highest possible
taxes on all tobacco products, including
e-cigarettes, to discourage youth use. Above
that, combustible tobacco products should
be taxed at the highest level, and the least
harmful, well-regulated and FDA-reviewed
noncombustible tobacco products should be
taxed at lower levels.
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>

>

Cessation: Federal agencies such as the
FDA and the National Institutes of Health
must redouble all efforts to develop
nicotine cessation interventions for the
millions of youth and young adults who now
find themselves addicted to nicotine from
e-cigarette use. Additionally, the Centers
for Medicaid and Medicare Services and
insurance companies should make quitting
services available for all those addicted to
nicotine — whether from e-cigarettes or
combustible tobacco products — with no
barriers to treatment, such as co-pays.
Federal research: The FDA and NIH
should fund research to better understand
e-cigarette harms, behavioral use patterns
and impact on tobacco use cessation (separate
from the research mentioned above).

States and local communities
are often the incubators of strong
tobacco control policies.

November 2019

E-CIGARETTES

STATE AND LOCAL ACTION NEEDED
States and local communities are often the
incubators of strong tobacco control policies. They
have an important role to play when it comes to
protecting youth from e-cigarettes as well. Some
examples include:
>

Licensing: Requiring all e-cigarette vendors
to be licensed and registered with the
state or local (where allowed) government.
Licensing, besides being an important way to
keep track of who is selling tobacco products,
can also be a tool to limit the density and
location (i.e., not near schools) of tobacco
retailers.

>

Flavor restrictions: Many local jurisdictions
have taken action to restrict or prohibit the
sale of flavored tobacco products. Truth
Initiative supports such actions because they
limit the availability of such highly appealing
tobacco products to youth.

>

Clean indoor air: State and local
governments should require e-cigarette use
to be subject to clean indoor air laws and
requirements.

>

Tobacco 21: State and local jurisdictions
should limit sales of all tobacco products,
including e-cigarettes and their
components, to those age 21 and older,
with the onus lying with the retailer. We
note that the tobacco industry has recently
supported Tobacco 21 policies, selling the
idea that this policy will take care of the
youth tobacco problem. While Tobacco 21
is an important tool in the tobacco control
toolbox, by itself it is not sufficient to keep
tobacco out of the hands of young people.
Tobacco 21 policies must be accompanied
by complementary and strong policies,
including but not limited to those listed
above, to protect youth from tobacco.
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Among youth who
vape, 97% used a
flavored e-cigarette
in the past month.

97%

16x
E-liquids contain
at least 60 chemical
compounds. E-cigarette
aerosol contains
even more.

15- to 17-year-olds
have more than
16x greater
odds to be
current JUUL
users vs.
adults.
27.5%

Young people who use
e-cigarettes are 4x times more
likely to start smoking tobacco
cigarettes than their peers
who don’t vape.

73%

4x

JUUL remains the top
e-cigarette brand and took
73.4% of the e-cigarette
marketplace by July 2019.

In 2019, e-cigarette use
among high schoolers
rose to 27.5%.
For high school
seniors, the rate
has doubled
since 2017.

2017

2019
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BACKGROUND
Electronic nicotine delivery systems (ENDS) go by many
names. The most common name is “e-cigarette,” but
others such as e-cigs, vapes, vape pens, mods and
tanks are common terms. Recently, the e-cigarette
brand JUUL has become so ubiquitous among youth
that “JUULing” is also used as a common verb for all
e-cigarette use. For the purposes of this resource we
refer to the entire category as “e-cigarettes.”

WHAT IS AN E-CIGARETTE?
>

>

E-cigarettes are devices that operate by heating
a liquid solution to a high enough temperature
so that it produces an aerosol that is inhaled.1

Nicotine salt formulas
in the most recent generation
of e-cigarettes allow for much
higher levels and efficient
delivery of nicotine.

Solutions, sometimes called e-liquids, almost
always include nicotine, flavoring and a
humectant, such as propylene glycol, to retain
moisture and create the aerosol when heated.1,2

» While many of the flavorings and
humectants used in e-liquids have
been approved by the Food and Drug
Administration for oral consumption,2 they
have not been approved for inhalation.
Thus, their health consequences are not
well known when consumed in this manner.

» There is an ongoing outbreak of significant
lung illness and death (2,051 reported
cases and 39 deaths as of November
5, 2019) due to vaping. Most of these
cases (over 80%), but not all, were from
users who reported use of THC vaporizer
products. On November 8, 2019, the
CDC identified vitamin E acetate as a
significant concern in the outbreak finding
the chemical in all 29 samples it had
analyzed from victims. The CDC states, “it
is possible that more than one compound
or ingredient could be a cause of lung
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injury, and evidence is not yet sufficient to
rule out contribution of other toxicants.”
It continues to advise non-smokers to
avoid vaping of any variety and especially
products purchased “off the street.”
>

Older generations of e-cigarettes used a form
of nicotine called free-base nicotine. The most
recent generation of e-cigarettes on the market,
which include pre-filled pod systems like JUUL
and refillable systems like Suorin Drop and
Kandypens, use nicotine salts in the e-liquids.

» The nicotine salt formulas allow for
much higher levels and efficient delivery
of nicotine with less irritation compared
to earlier generations of e-cigarettes —
prompting questions about the use, purpose
and safety of this novel form of nicotine.3
8

» Higher nicotine e-cigarettes have driven
the surge in e-cigarette sales in recent
years, with those containing at least 4%
nicotine comprising nearly three-quarters
of the e-cigarette market in 2018.4 Unlike
in Europe, where e-cigarette nicotine
concentrations cannot exceed 2%, there are
no nicotine concentration restrictions in the
United States.5
>

Evolution of the e-cigarette

While using an e-cigarette is often called
“vaping,” the devices produce an aerosol, not
a vapor.

» Unlike vapor, which is simply a substance
in gas form, the aerosol from an e-cigarette
contains tiny chemical particles from
both the liquid solution and the device
(e.g., metals from the heating coil). There
is evidence to suggest that these particles
lead to cardiovascular injury, with links to
negative effects on resting heart rate, blood
pressure and the cells that line the blood
vessels.6,7

WHAT ARE THE TYPES OF E-CIGARETTES?
>

When e-cigarettes first began entering the
market around 2007, some devices were
designed to resemble regular cigarettes, while
others looked more like cigars, pipes, pens and
even USB flash drives.1,8

>

To account for the diversity in product design,
some researchers have classified e-cigarettes
as first, second or third generation devices.2

>

A first generation e-cigarette is one
that closely resembles a cigarette and is
disposable.9

>

A second generation e-cigarette is a larger,
usually pen-shaped device, that can be
recharged.9

>

A third generation e-cigarette refers to devices
that do not resemble a combustible cigarette
and often have very large and sometimes
customizable batteries. Some parts may be
replaceable, which is why they are sometimes
called “mods.” These devices are refillable.2,9
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Cigalike

Vape pen

Box mod

Vape pod

Source: https://www.ruthlessvapor.com/blogs/ruthless-e-liquid/
nicotine-salt-devices-vape-pods

>

More recently, e-cigarettes that have a sleek,
high-tech design and easily rechargeable
batteries have entered the market.

» The most popular, JUUL, emerged in 2015
and quickly established itself as a leading
e-cigarette product, comprising nearly
three-quarters (73.4%) of the e-cigarette
marketplace by July 2019.10

» “Copycat” products, such as Suorin Drop,
myblu and Vuse Alto, follow JUUL’s blueprint
of high-tech design and high nicotine delivery
through the use of nicotine salt e-liquid
formulations. These devices are all often
referred to as “JUUL” due to the ubiquity of the
brand, but they are also referred to as “pod
mods” because the e-liquid is sold in selfcontained disposable pods.

» The enormous popularity of JUUL has
encouraged copycat devices that are
specifically compatible with JUUL, including
Eonsmoke and Vapor4Life, that deliver
similarly high amounts of nicotine in sleek,
discreet devices or in devices that either use
JUUL pods or have pods that can be used in
JUUL devices.11
9

HOW MUCH NICOTINE IS IN AN E-CIGARETTE?
Nicotine levels in e-cigarettes are highly variable,
with some reaching or exceeding levels found in
combustible cigarettes.2,17

Heated tobacco
products
In addition to e-cigarette products, tobacco
companies have begun introducing tobacco heating
systems or, as the industry calls them, “heat-notburn” tobacco products. These devices work by
heating tobacco instead of burning it. Sometimes
the tobacco is treated with a humectant like
propylene glycol to produce an aerosol inhaled by
the user. Manufacturers claim this delivery method
is substantially less harmful than traditional
cigarettes,12 but current data on health effects of
these devices are sparse and most of what has been
published has been by tobacco industry scientists.
In 2019, the FDA allowed the first type of tobacco
heating system to be marketed and sold in the U.S.13
IQOS, produced by Philip Morris International (PMI), is
now being sold in select test markets by Altria around
the country.14 Data in foreign markets submitted by
PMI indicate that dual use of heated tobacco products
along with cigarettes is, by far, the most dominant
pattern of use, which raises substantial issues
about what impact they might have on overall public
health.15 Notably, research has shown that dual use is
not associated with reduced cigarette use, but rather
increased exposure and poorer health outcomes
than using cigarettes or e-cigarettes alone.16 Read
comments and potential concerns from Truth
Initiative on the IQOS application. Truth Initiative will
continue to monitor patterns of use as the product
becomes more common in the U.S.
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>

Labeling is not always a reliable indicator
of nicotine content, as studies have found
mislabeling to be a common issue in the
category.2,17

>

The way an e-cigarette is used or modified
also affects the delivery of nicotine to an
individual user.2,18

>

Some e-cigarette products deliver
nicotine as efficiently as a cigarette.
The use of nicotine salts also lowers
the pH of e-liquids, which allows higher
concentrations of nicotine to be delivered
with less irritation.19 For example, the
maker of JUUL claims the product has a
nicotine content like traditional cigarettes,
and that it delivers the nicotine up to 2.7
times faster than other e-cigarettes.20

>

In the U.S., JUUL devices were originally
introduced with a 5% nicotine salt pod.21
Following suit, JUUL competitors began
offering nicotine salt concentrations as high
as 7% in what has been called a “nicotine
arms race.” 21 However, in 2018, JUUL
introduced a lower nicotine pod, with 3%
nicotine strength.4

>

In addition to the rate of nicotine delivery,
the nicotine content of products like JUUL
also raises concerns about the potential
for addiction. A 2018 Truth Initiative study
published in Tobacco Control found that
among current youth and young adult JUUL
users, the majority — 63% — did not know
that the product always contains nicotine.22
Anecdotally, youth are reporting signs of
severe dependence, such as inability to
concentrate in class, using an e-cigarette
upon waking, and using e-cigarettes at night
after waking with a craving.23,24
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ARE E-CIGARETTES LESS HARMFUL
THAN CIGARETTES?
It is generally accepted that e-cigarettes produce
fewer of the toxins found in cigarette smoke.2
However, it is becoming increasingly apparent that
this frame is not adequate to tell the entire story
regarding individual health impacts. The most recent
evidence suggests that e-cigarettes may pose their
own unique health harms and that comparison to
cigarettes may not be the only relevant question for
determining their impact on individual health.25-27
Indeed, the growing evidence of potential health risks
related to e-cigarette use has led some researchers
to question whether e-cigarettes are safer than
combustible cigarettes.27 For more information see
“Health Effects” on p. 17.
The recent outbreak of vaping related lung injuries
also supports caution with respect to e-cigarettes.
While a substantial number of cases in the recent
outbreak of vaping related lung illness (see “Health
Effects” on p. 18) appear to be related to THC vaping
and the CDC recently identified vitamin E acetate as a
chemical of significant concern, the agency has been
cautious to say it has not found a single cause and
continues to recommend caution with respect to all
vaping as the investigation continues.95 At minimum,
this outbreak dramatically demonstrates the dangers
of an unregulated market in inhaled substances with
no premarket review for consumer safety.
We also note the frequently cited claim from Public
Health England that e-cigarettes are definitively
— 95% — safer than traditional cigarettes. First,
this analysis was originally conducted in 2013,
prior to recent research on health effects of vaping.
Moreover, further analysis into the original research
finds that the evidence for such a statistic remains
unclear and not fully comprehensive, among other
concerns about author and funding conflicts of
interest.28 The Public Health England claim also
fails to acknowledge the reality of the potential
for negative net public health impact among a
population of users that have otherwise never used
tobacco products or the lack of clinical and longterm evidence of these products’ safety in humans,
regardless of current smoking status.28
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Recent reports of lung
illnesses related to vaping
have raised questions about
both the long- and short-term
effects of vaping.
While a 2018 National Academies of Sciences,
Engineering, and Medicine report found substantial
evidence that exposure to toxic substances from
e-cigarettes is significantly lower compared to
combustible cigarettes, recent studies are showing
that is not the end of the story on health impact. It
now appears that e-cigarettes may present their own
unique health risks, including to the respiratory and
cardiovascular systems. Given the products’ relatively
recent introduction to the marketplace, further
research is needed to evaluate the short and long term
health impacts of e-cigarettes.
The evidence for e-cigarettes’ effectiveness as a
cessation tool also remains inconclusive and, until
an FDA review, the safest, most evidence-based
cessation strategy should include a combination
of counseling, nicotine replacement therapy, and/
or cessation drugs like varenicline, approved by the
FDA.29 Moreover, while the basic technology behind
e-cigarettes is consistent, there is enormous variability
within the product category and there is no typical
e-cigarette. The products include different ingredients,
different hardware and deliver highly variable amounts
of nicotine and potentially toxic chemicals, including
heavy metals such as cadmium, lead, nickel, tin and
copper.30 This variation makes it difficult to issue overall
public health recommendations about the category
and demonstrates the huge and long-standing need for
pre-market review of these products.
Consumers need to consistently know what they are
getting and whether it is safe — particularly from a
product designed to deliver chemicals by frequent
inhalation. The growing evidence of potential health
risks and lung injuries related to e-cigarette use has
led researchers to question whether e-cigarettes are
safer than combustible cigarettes.27
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Current e-cigarette use among middle
and high school students

>

The current use rate among middle schoolers
rose from 0.6% in 2011 to 10.5% in 2019.39

>

Using e-cigarettes has been shown
to increase the likelihood of smoking
cigarettes among young people, raising
concerns that e-cigarettes are acting as
entry nicotine products that may lead to use
of more dangerous nicotine products.32,40,41
According to a recent study, U.S. youths are
4 times more likely to try cigarettes and 3
times more likely to currently use cigarettes
if they previously used e-cigarettes. The
study also estimated that e-cigarettes are
likely responsible for 22% of new ever
cigarette use (trying a cigarette) and 15.3%
of current cigarette use for the same group
— totaling nearly 200,000 new cigarette
initiators.42

>

Many young e-cigarette users do not know
what is in the products they are using. A
recent study found that 99% of all e-cigarette
products sold at convenience stores,
supermarkets and similar outlets contain
nicotine.43 Yet, many young people aren’t
aware that the products they use, like JUUL,
contain nicotine.22 In fact, a Truth Initiative
study showed that nearly two-thirds of JUUL
users aged 15-21 were not aware the product
always contains nicotine.

>

As rates of use increase, we are also seeing
the frequency of use (how many times a
user vapes in a day) go up, indicating that
users are not simply experimenting with
e-cigarettes but are instead using them
habitually. The 2019 National Youth Tobacco
Survey data show that 34.2% of current
high school e-cigarette users and 18.0% of
current middle school e-cigarette users use
e-cigarettes on 20 days or more per month
and Monitoring the Future found that in 2019,
11.7% of high school seniors vape every day,
suggesting that more users are becoming
dependent on these products.39,44

High school students:
27.5

2019

1.5

2011

Middle school students:
10.5

2019

.6

2011

5%

10%

15%

20%

25%

30%

Source: 2019 National Youth Tobacco Survey

PATTERNS OF USE
E-cigarette use has increased in recent years,
especially among youth and young adults, who use
e-cigarettes more than any other age group. In
2018, the rapid rise of tobacco products led the
U.S. surgeon general to issue an advisory about
the youth e-cigarette “epidemic.” Since then, rates
have only increased, and e-cigarettes are now
by far the most commonly used tobacco product
among youth.31,32

YOUTH
The last five years have seen enormous spikes in
youth e-cigarette use rates.33
>

In 2017, 11% of high school students had
used an e-cigarette in the past 30 days.34 By
2018, that number had risen to 21% and, by
2019, 27.5% of high school students had used
e-cigarettes in the past month.33,35

>

Compared with the very small amount of
youth use in 2011 (1.5%), this represents an
increase of more than 1,800% in just eight
years, with a substantial increase occurring
between 2013 and 2015, when use rose from
4.5% to 16%, coinciding with the emergence
of JUUL.36-38
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>

Youth e-cigarette users cite flavors as a top
reason they began using e-cigarettes, second
only to use by a family member or friend.46

>

Compared with adults aged 25 and
older, young adults are more likely to
try e-cigarettes and report having used
e-cigarettes in the past 30 days.32

>

A study in Mississippi suggests that using
JUUL leads to more sustained use than
other e-cigarettes. It concluded that the
continued use of JUUL by Mississippi
undergraduate students was more likely
than the continued used of other e-cigarettes
after an initial trial. The study found that
30-day use was three times higher among
those who had tried JUUL than a different
e-cigarette.55

>

The growth in the popularity of e-cigarettes
among young adults has caused concerns
that use will lead to the initiation of
cigarettes and other tobacco products.56-62

» A study that included middle and high
school students reported that 43% of
young people who ever used e-cigarettes
tried them because of appealing
flavors.47

» The FDA has also reported that, among
current youth users of e-cigarettes, 97%
used a flavored e-cigarette in the past
month.48

» As much as 98.7% of flavored e-cigarette
products sold in convenience, dollar, drug
and grocery stores contain nicotine.49

» Despite JUUL removing some flavors from
retail stores in April 2019, they continued
to hold a majority of the U.S. e-cigarette
sales market share.50 Research suggests
that mint and menthol, which remain
available for sale, have continued to
increase in popularity. 2019 NYTS data
show that mint and menthol e-cigarette
use rose to 57.3% from 51.2% in 2018
among high school current users,
suggesting a switch to these flavors once
mango and fruit medley became harder to
obtain.35,39,51
For more information, see “Flavors” on pg. 25.

YOUNG ADULTS
>

>

Like youth, young adults aged 18-24 are also
using e-cigarettes at increasing rates. Young
adult use of e-cigarettes every day or some
days increased from 2.4% in 2012 and 2013 to
5.2% in 2017, and increased again to 7.6% in
2018 based on a recent analysis.32,52,53
A 2016 report from the Behavioral Risk
Factor Surveillance System survey found that
44.3% of young adult current e-cigarette
users were never smokers before trying
e-cigarettes.54
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44.3% of young adult
current e-cigarette users
were never smokers before
trying e-cigarettes.

13

Adults who currently use e-cigarettes as of 2018
7.6

18-24 YEARS OLD

4.2

25-44

2.1

45-66
65+

.8
2%

4%

6%

8%

Source: 2018 National Health Interview Survey

ADULTS
>

E-cigarette use has remained relatively
low and stable among adult users since
around 2012. Between 2012 and 2013,
2.4% of adults aged 25-44 and 2% of
adults aged 45-64 used e-cigarettes. By
2016, the rates had increased to 4.2%
and 2.8%, respectively. The most recent
data for the year 2018 show current use
of e-cigarettes remaining at 4.2% among
adults 25-44 and 2.1% among adults aged
45-64.52,63

>

The overall adult rate of e-cigarette use in
2018 was 3.2%, down from 3.7% in 2014.52

>

Those aged 45 and older are significantly
less likely to have ever tried an e-cigarette
compared to young adults.64

suppresses efforts to completely quit smoking
(i.e., people choosing to “cut down” instead of
quitting smoking entirely). Some individuals using
e-cigarettes to quit may experience a period of
dual use as they transition between products,
complicating the issue.
Among youth, the data tell a different narrative.
A 2018 report from the NASEM concluded that
there is “substantial evidence that e-cigarette
use increases risk of ever using combustible
tobacco cigarettes among youth and young
adults,” suggesting that e-cigarette use itself is a
risk factor, not just a correlation with smoking.2,32
More recent studies have suggested that young
e-cigarette users are four times more likely to
begin smoking cigarettes compared to their peers
who do not use e-cigarettes.42,60,66

DUAL USE PREVALENCE
>

Among adults in 2016, 54.6% of current
e-cigarette users also smoked cigarettes.54

>

Among adults who used more than
one tobacco product in 2017, the most
common combination was cigarettes and
e-cigarettes.52

>

Dual use of e-cigarettes and cigarettes is
highly common among youth and young
adults.54,65,67,68

>

A nationally representative survey in 2016
found that among youth and young adult
e-cigarette users aged 13-25, more than half
(55.9%) used another tobacco product in
addition to e-cigarettes.65

>

Among young adults aged 18-35, e-cigarette
use was associated with more frequent
cigarette smoking and more intensive
cigarette use.69

>

Young adults (18-35) who used e-cigarettes
the previous year increased their odds of daily
cigarette use by 1.67 and increased their odds
of being diagnosed with tobacco use disorder
by 2.58.69

DUAL USE OF TOBACCO PRODUCTS
Among all age groups, e-cigarettes are most
commonly used by those who also use other
tobacco products, such as combustible
cigarettes.52,54,65 This pattern is commonly
referred to as “dual use” or “poly tobacco use.”
Among adult users, this is a troubling pattern
because it suggests that some e-cigarette use
may be supplementing smoking instead of
replacing it. Because there is no safe level of
smoking, there are concerns that this behavior
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JUUL
Since 2016, the e-cigarette brand JUUL has surged
in popularity among young people and, as of October
2019, holds 64.4% of the e-cigarette market share
measured by Nielsen.50 The traditional tobacco
industry took notice of JUUL’s rapid ascent. In 2018,
Altria, the makers of Marlboro cigarettes, acquired
a 35% stake in the company for $12.8 billion. In
September 2019, an Altria executive replaced the
former head of JUUL as CEO.10,70,71
A 2017 study by Truth Initiative found 25% of survey
respondents, aged 15-24, recognized a JUUL
e-cigarette device when shown a photo of the product.
And among those who recognized JUUL, 25% reported
that use of this product is called “JUULing,” indicating
that this product is so distinctive, it’s perceived as its
own category.72 However, it’s likely that recognition
is higher now given that JUUL’s sales market share
continued to rise throughout 2018 and top out at 75%
among U.S. e-cigarette sales in July 2019.22,50
The most recent data from the CDC’s 2019 National
Youth Tobacco Survey confirms JUUL’s grip on
America’s kids. More than 59% of high school
e-cigarette users reported that JUUL was their
“usual brand.” Among middle school e-cigarette
users, the number was more than 54%.39 This equates
to more than 3 million children reporting regular use
of JUUL. Investigative reporting by Reuters shows
that even early in its operations, JUUL was aware
that its products were attracting unprecedented youth
use, yet, in the face of enormous revenue growth, the
company failed to take effective action to stem that
trends.
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Flavors are a top reason why young people begin using
e-cigarettes. A 2018 Truth Initiative survey found that
mint was among the top three favorite flavors among
young JUUL users aged 12-24, meaning they chose it
last time they vaped. New research shows that mint and
menthol e-cigarette use among high school users rose
from 16% in 2016 to 57.3% in 2019.39 Among high school
JUUL users, 67.5% reported that their preferred flavor
was mint or menthol. Another study, conducted before
JUUL pulled its other flavors from the market, found
that mint was one of the most popular flavors among
high school student JUUL users, but that menthol was
less so.45 However, study authors themselves caution
that leaving both mint and menthol on the market
undermines the purpose of removing flavors — which is
to prevent kids from using e-cigarettes at all.
Promoted as a “satisfying alternative to cigarettes,”
JUUL is putting a new generation of youth at risk of
nicotine dependence and future cigarette use.
› JUUL has spent more than $1 million to market its
products on the internet and has paid for campaigns
on Twitter, Instagram and YouTube.73 However,
recently JUUL announced that it would “suspend all
broadcast, print and digital advertising in the U.S.” It
was not clear from the announcement how long that
suspension would last.74
› JUUL also hired social media influencers for product
promotion.75 The company had an entire department
dedicated to influencer marketing and specifically
looked for influencers under 30 and created a “VIP
Portal” for celebrities.76,77
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QUITTING SMOKING
There are substantial research gaps in proving the
effectiveness of e-cigarettes as quit smoking aids.
The 2018 NASEM report found limited evidence
on the effectiveness of e-cigarettes to promote
quitting.2,78-82 Additionally, e-cigarettes are not
approved as quit aids by the U.S. Preventative
Service Task Force or the FDA.
While some evidence supports the use of e-cigarettes
as quit devices, recent research suggests that their
efficacy for quitting is overstated.25
>

A study published in 2016 reported that within
two randomized control trials, e-cigarettes
with nicotine helped individuals quit better
than non-nicotine e-cigarettes.1,2,83 The
NASEM also reported that more frequent
e-cigarette use may increase an individual’s
likelihood to quit smoking.2

>

A 2019 study by the U.K. National Health
Service published in the New England
Journal of Medicine found e-cigarettes
may help adults quit. A group assigned
to e-cigarettes as a combustible tobacco
replacement were more likely to remain
abstinent at one year compared with a
group using nicotine replacement products
(18% versus 9.9%). However, a majority of
e-cigarette users were still using e-cigarettes
at the one-year follow-up. Researchers
noted the study was based on a middle-aged
adult population (median age of 41) actively
seeking to quit smoking and receiving at least
four weeks of behavioral support.84 Notably,
the U.K. also places severe restrictions on the
marketing of e-cigarettes.5 No similar study
has replicated these results in the U.S.

>

Another recent 2019 study exploring whether
e-cigarettes’ presence on the U.S. market has
inspired more successful quit attempts found
that users of e-cigarettes had 70% lower odds
of quitting than non-users.85

While some e-cigarettes may be an effective
resource for quitting smoking, the diversity of
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While some evidence supports
the use of e-cigarettes as
quit devices, recent research
suggests that their efficacy
for quitting is overstated.
products as well as the variations in quality and the
lack of regulation make determining the potential
of any particular product as a quit aid difficult.2,25,27
Some smokers have switched to e-cigarettes or
used them to quit tobacco completely; however,
e-cigarettes, unlike FDA-approved cessation
therapies, lack an evidence base that demonstrates
their safety and efficacy.25 Truth Initiative supports
regulation that encourages the development
of consistently less harmful nicotine delivery
alternatives that allow smokers to quit tobacco
altogether or switch completely to a much less
harmful, well-regulated product.
One study shows that product appeal, including
flavoring, is likely to encourage smokers to try to
use e-cigarettes to quit or switch completely.86 But,
because the youth e-cigarette epidemic in the U.S.
and the youth appeal of flavored e-cigarettes go hand
in hand, Truth Initiative strongly supports removing
flavored e-cigarettes from the market, pending an
FDA review. Given what we now know about how
dramatically flavors influence youth e-cigarette
use, the burden should be high. We support a
permanent ban on flavors unless a manufacturer
can demonstrate three things to the FDA: 1) that
a particular flavor helps current tobacco users to
stop smoking, 2) it will not lead non-tobacco users
(such as youth) to start, and 3) it does not increase
the risk of harm from using the product. In addition
to flavor restrictions, Truth Initiative supports strong
regulations to keep all tobacco products, including
e-cigarettes, away from youth. (See “Action Needed”
on p. 1 for more information.)
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HEALTH EFFECTS
To date, no one knows the long-term effects of
e-cigarette use, although research continues to
investigate some of the rapidly emerging evidence
of adverse effects on lung and cardiovascular
health.

Age differences:
Reasons for
e-cigarette use

>

A recent and robust research literature review
of e-cigarette health effects found that use
of these products has been associated with
increased odds of chronic cough, phlegm and
bronchitis, as well as asthma diagnoses.27

>

Ongoing case studies and in vitro research that
exposed human tissue to e-cigarette aerosol
suggested that e-cigarettes may be causing
quantifiable injury to the small airways of
the lungs and were associated with a number
of inflammatory diseases of the respiratory
system, like pneumonia and interstitial lung
disease.27

>

Human cells exposed to vaped e-liquid
have also been found to have decreased
viability, with certain flavor compounds
posing particular cell toxicity risks. Other
studies also showcased impaired immune cell
function in the lungs, raising questions about
e-cigarette users’ susceptibility to bacterial
and viral infections of the respiratory system.
There is uncertainty regarding the way these
infections may manifest given the potential
for other lung injury and inflammation in lung
tissue from e-cigarette use.27

>

The first study to link e-cigarette use to cancer
was published in October 2019. Researchers
found that mice exposed to e-cigarette
aerosol for 54 weeks developed carcinomas
of the lungs and abnormal bladder cell
growth.88

>

Research has also found that some flavors are
potentially more toxic than others.

Analyses from the Population Assessment for
Tobacco and Health study show that the leading
reason for youth and young adult e-cigarette use
is “they come in flavors I like” — with 77.9% and
90.3% selecting this as a reason, respectively. In
comparison, only 66.4% of adults aged 25 and over
selected this as a reason.87
The FDA has also reported that, among current
youth users of e-cigarettes, 97% used a flavored
e-cigarette in the past month.48 Youth and young
adults had more than three times the odds of using
fruit-flavored e-cigarettes compared to older adults.87
The leading reason for e-cigarette use among adults
(25 and older) was the belief that e-cigarettes may
be less harmful than combustible cigarettes both to
themselves and others, with 79% selecting this as a
reason. Additionally, 7 in 10 (71.5%) adults indicated
that they believed e-cigarettes could facilitate
quitting.87
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» Researchers found that exposure to
increased cinnamon flavoring caused
significant cell death compared to other
flavors.89
17

» Another concern related to flavoring stems
from pulegone — a compound found in
prepared oil extracts of certain mint plants.
Pulegone is a known carcinogen and the
tobacco industry has in the past reduced
the amount of this compound in menthol
tobacco products as a result of toxicity
concerns. The FDA banned pulegone as
a food additive in 2018, yet studies have
identified that substantial amounts of this
additive are found in mint and menthol
e-liquid in the U.S. — raising concerns
about the potential toxicity of these popular
flavors.90

» Research also indicates that mixing
multiple flavors can be more toxic to cells
than exposure to just one flavor at a time.91
>

>

Research regarding the impact of e-cigarettes
on cardiovascular health has yielded mixed
results. Some studies have shown that
short-term exposure to e-cigarette aerosol
has no measurable harm on cardiovascular
health. However, others suggest negative
effects on resting heart rate, blood pressure
and the cells that line the blood vessels.
More extensive research is needed to gain
perspective on the long-term effects of
e-cigarette use on heart health, which have
yet to be identified.6
Another pressing concern of e-cigarette use
on cardiovascular health is the creation of
carbonyl compounds from e-cigarette aerosol.
Carbonyls are created when propylene glycol
and glycerol — common solvents in e-liquid —
are exposed to the high heat of an e-cigarette
coil. Many of these carbonyl compounds have
been previously associated with an increased
risk of blood clot and atherosclerosis — a
disease in which plaque builds on the walls of
arteries, narrowing blood flow.6

More research over a longer time period is needed to
understand the full breadth of health consequences
associated with the use of e-cigarettes as well as how
their use compares to the well-established negative
effects of long-term combustible cigarette use.
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Federal investigations
into vaping-related
illnesses
The emergence of vaping-related illnesses, which have
prompted federal health agencies’ investigations and
advisories, underscores the urgency of research.
As of November 5, 2019, more than 2,000 vaping-related
illnesses and 39 deaths have been reported to the
CDC.26 A review of some of the affected e-cigarette users
in two states reported that a majority of patients were
experiencing cough, labored breathing, reduced blood
oxygen levels and elevated white blood cell counts.27
Research by Mayo Clinic of 17 patients with vaping related
lung issues found that the injuries resembled “exposures
to toxic chemical fumes, poisonous gases and toxic
agents.”92 Because a large proportion of the cases with
specific substance use information available involved
individuals who vaped THC (either exclusively or along with
nicotine), the FDA has recommended that consumers not
purchase vaping products of any kind on the street and
avoid using THC oil or modifying store-bought products.93
The CDC has also recently identified vitamin E acetate, a
chemical found most often in illegal THC vaping products,
as a primary chemical of concern in the outbreak.93
The CDC has recommended that those who use vapes
consider not using them and that children and women
who are pregnant should not use e-cigarettes regardless
of the outcome of this investigation. For those who vape
and experience similar symptoms, the CDC recommends
seeking prompt medical care.94 It is important to note,
though, that the CDC continues to state, “it is possible that
more than one compound or ingredient could be a cause
of lung injury, and evidence is not yet sufficient to rule out
contribution of other toxicants.”95
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ADDICTION AND BRAIN DEVELOPMENT
Nicotine is an addictive substance, but its level of
addictiveness can vary substantially depending
on its mode of delivery. Nicotine delivered by
the combustion of tobacco is the most addictive
form.96 The rise in popularity of e-cigarettes that
can deliver levels of nicotine similar to combustible
cigarettes is causing concern about the potential
risk for addiction.32
>

>

Exposure to nicotine among youth is
particularly dangerous since it has been
shown to have an effect on key brain receptors,
making young people more susceptible to
nicotine addiction.41
There is some evidence that the effect of
nicotine on developing brains may prime
not just nicotine addiction, but greater
vulnerability to addiction to other drugs as
well.97

In young people, the amount of nicotine needed to
establish an addiction has been estimated at around
5 mg a day, or roughly one-quarter of an e-cigarette
pod.21,98 In recognition of these and other risks related
to e-cigarettes, the U.S. surgeon general issued an
advisory on e-cigarette use among youth, urging
parents, teachers, health professionals and states to
take action to stop the epidemic among youth.51

While e-cigarettes contain
far fewer toxins than
combustible cigarettes,
they are not free of
toxins and still deliver
harmful chemicals.
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PREGNANCY
>

Because most e-cigarettes contain nicotine,
which can alter nerve cell functioning in
developing organisms, especially during fetal
development, they should not be used by youth
or pregnant women.99,100

>

Pregnant women who use nicotine are also
at a greater risk for stillbirth and preterm
delivery.32

CHEMICALS
While e-cigarettes may contain fewer toxins than
combustible cigarettes, short and long-term effects
of their use are unclear. What we do know is that
they are not free of toxins and still deliver harmful
chemicals.
>

At least 60 chemical compounds have been
found in e-liquids, and still more are present in
the aerosol produced by e-cigarettes.2

>

Heavy metals such as cadmium, lead, nickel,
tin and copper have all been detected in
aerosols produced by e-cigarettes.30

>

E-cigarettes produced fewer free-radicals than
combustible cigarettes, however, even low
levels of repeated exposure to free-radicals
can cause oxidative stress, which increases
the risk for cardiovascular and respiratory
diseases.101

>

Researchers have identified several substances
which are either harmful or potentially harmful
to e-cigarette users, including delivery solvents
and propylene glycol, which can cause dry
mouth and upper respiratory infections as well
as pulegone, a known carcinogen.2,90

EXPOSURE TO E-LIQUID
>

Accidental exposure or ingestion of e-liquids
can be very dangerous and, in the case of
accidental swallowing or injection, even fatal.2

>

More than 8,000 accidental liquid nicotine
exposures were reported by U.S. poison control
centers between 2012 and 2017 in children
aged 6 or younger.102
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>

Nearly 5,000 (4,745) children under the age
of 5 were treated in U.S. emergency rooms
for e-liquid nicotine exposure from 2013 to
2017. More than half (56.2%) of the children
were aged 2 or younger.103

EXPLOSIONS
>

Defective, poorly manufactured and
improperly modified e-cigarettes have also
been known to explode and cause injury.
The rate of explosions is unknown, but both
hospitals and burn centers have reported
injuries from e-cigarettes.2

SECONDHAND AEROSOL EXPOSURE
>

Exposure to aerosol from e-cigarettes may
expose non-users to nicotine, but research
indicates that secondhand aerosol results in
substantially lower exposure to toxicants and
carcinogens than cigarette smoke. However,
exposure among vulnerable populations,
including pregnant women and children,
could still be dangerous.2

LUNG ILLNESS AND SEIZURES
>

>

The FDA is investigating whether a direct
relationship exists between the use of
e-cigarettes and seizure risk or other
neurological symptoms. As of August 2019,
the agency had received 127 reports of
seizure or other neurological symptoms that
occurred between 2010 and 2019.104
The CDC, FDA and state and local health
departments are investigating a multistate
outbreak of severe lung injury associated
with e-cigarette or vaping product use.
As of November 5, 2019, more than 2000
cases of this disease, which CDC is calling
“EVALI” (E-cigarette or Vaping product useAssociated Lung Injury) in 49 states, D.C. and
the U.S. Virgin Islands. Thirty-nine deaths in
24 states have been confirmed.26

INDUSTRY MARKETING
AND YOUTH TARGETING
The introduction of e-cigarettes has allowed
companies to advertise through traditional
outlets that have been heavily regulated to reduce
combustible cigarette marketing to children. For
example, e-cigarette advertising appears on television
and radio, despite the ban on cigarette advertising in
both outlets since Congress passed the Public Health
Cigarette Smoking Act in 1970. The FDA also banned
flavors, except menthol, in combustible cigarettes
in 2009 to curb youth appeal, whereas e-cigarettes
capitalize on offering many kid-friendly flavors, such
as mint, cotton candy and gummy bear.105

MARKETING TACTICS
>

Individuals aware of e-cigarettes report
that the most common platforms to hear
about e-cigarettes are through in-person
communications, by seeing them for sale and
through online and television advertisements,
in which some celebrities have endorsed the
products.106-110

>

E-cigarettes are promoted heavily online111
through e-cigarette company-sponsored
advertisements,112 and on YouTube112-115
and Twitter.116

E-cigarettes capitalize on offering
many kid-friendly food flavors, such
as mint, cotton candy and gummy bear.
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Food product
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Photo: U.S. Food and Drug Administration
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>

>

More recently, mobile ads have become
a popular place to advertise e-cigarettes.
Mobile ads, or paid advertisements on
smartphone applications and websites
optimized for mobile, have the potential to
reach millions of young people.117
Some e-liquids have been marketed to look
like common food items — many of which
appeal to kids. Early examples included
marketing e-liquids as “Thin Mints,” after the
Girl Scouts’ cookie and “Tootsie Roll” after
the iconic candy. Those were removed, or at
least renamed, after the companies owning
those copyrights took action to protect their
intellectual property. Other food and candy
flavors remained on the market.

Where young people are most likely
to see e-cigarette ads

>

Youth may be exposed to pro-tobacco content
and advertising on social media through
various sources, including commercial
brands as well as their own peers or
influential accounts they follow. The nature of
social sharing allows branded or promotional
content to virally spread across platforms,
which can increase youth exposure to overt
marketing and pro-tobacco content posted by
influential peer network members.75,119-121
By 2016, nearly 4 out of 5 middle and
high school students, or more than 20
million youth, saw at least one e-cigarette
advertisement.122
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>

Young people were most likely to see ads at
retail stores (68%), followed by the internet
(41%), television (38%) and newspapers and
magazines (24%).122 Between 2014 and 2016,
exposure to retail e-cigarette advertising
among young people jumped nearly 20%.122

>

Mobile device ownership is most prevalent
among young people, and research has shown
that mobile ads may attempt to capitalize on
young audiences by highlighting the product
as “cool” or “high tech” and by featuring
flavored ads.117

>

A recent study conducted by Stanford
University School of Medicine found JUUL
advertisements strikingly similar to
traditional tobacco advertising in tone and
imagery (smoking as pleasurable, relaxing,
stylish or romantic).75

>

JUUL has also targeted children as young
as third grade by funding summer camps,
visiting schools and paying community and
church groups to distribute their materials,
according to recent congressional testimony.

>

On Oct. 17, 2019, JUUL announced that it
would “suspend all broadcast, print and digital
advertising in the U.S.” It was not clear from
the announcement how long that suspension
would last.74

YOUTH EXPOSURE TO ADVERTISING
>

41

INTERNET

» Since May 2018, the FDA, often in
conjunction with the FTC, has taken
action against several e-liquid
companies that marketed their
products to look like candy or other kidfriendly food items, such as Reddi-wip,
Nilla wafers and Warheads candy.118
The FDA has also recently announced
moves to restrict the sale of candy- or
fruit-flavored e-cigarettes. For more, see
“Policy Environment” on page 24.
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E-CIGARETTES ON SOCIAL MEDIA
>

>

>

16%

Because JUUL relied heavily on social media
advertising for its launch, unlike other e-cigarette
brands who focused their marketing through
traditional outlets (e.g., TV), teen and young adults
made up a significant majority of JUUL’s social
media audience.123
JUUL also hired social media influencers
for product promotion.75 They had an entire
department dedicated to influencer marketing and
specifically looked for influencers under 30 and
created a “VIP Portal” for celebrities.76

>

As of October 2018, 11 JUUL-centric YouTube
videos from users had more than 1 million total
views. In November 2018, JUUL’s Instagram
account had 77,600 followers and #juul had 260,866
postings. By January 2019, JUUL’s hashtag had
336,308 posts.75

>

On Nov. 13, 2018, JUUL Labs announced they
would be shutting down their U.S.-based
Facebook and Instagram accounts in an effort
to curb youth e-cigarette interest and use. The
official Twitter account remains active.124

>

There were 366,786 JUUL-related tweets in 2017,
17 times more than the previous year. A 2018 study
found the surge of tweets mirrored JUUL’s sizable
growth in retail sales.125

>

A 2018 study found that exposure to e-cigarette
advertisements on social media among young
adults was strongly associated with positive
expectations of e-cigarette use — like the idea
that using e-cigarettes would provide a pleasurable
taste and smell and that it was safe and socially
acceptable. These outcomes were also found to be
directly correlated with current use.119

>

Non-smokers regularly saw e-cigarette
ads on social media

JUUL spent more than $1 million to market
its products on the internet and has paid for
campaigns on Twitter, Instagram and YouTube.73

Even among non-smokers, exposure and
marketing through social media linked
e-cigarettes with increased perceptions of
stylishness and popularity.119 Of the study
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19%

Source: Lin X, Spence PR, Lachlan KAJCiHB. Social media and
credibility indicators: The effect of influence cues. 2016;63:264-271.

participants, 19% regularly saw e-cigarette ads
on Facebook and 16% on Instagram. Even more
reported seeing posts about e-cigarettes.119
>

The largest e-cigarette forum (/r/electronic_
cigarette) on reddit has 150,000 subscribers.123

>

Another subreddit, titled /r/UnderageJUUL, at
one point contained 844 members before it was
shut down by reddit. Posts included discussions
of flavors as well as methods of obtaining
JUULs or pods. Most posts in this thread did not
reference age, but those that did mentioned ages
from 13 to over 21.127

>

A study found that e-cigarette users who are
male and younger were the most likely to
participate in discussion forums online related
to e-cigarettes.126

>

Another study analyzed all public active profiles
following JUUL’s official Twitter account in April
2018. Of the 9,077 active individual followers,
researchers estimated that 80.6% were aged
13-20, despite the account stating that one must
be 21+ to follow.128

>

Additional research has shown that celebrity
endorsements of e-cigarettes on social media
can have an impact on young adults. A study
of college undergraduates found that the
appearance of celebrities on an e-cigarette
social media brand page significantly increased
intentions to use e-cigarettes and positive
attitudes towards the devices. This effect was not
seen in those who saw non-celebrity endorsers
or pages displaying only the product.129
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WHERE E-CIGARETTES ARE SOLD
>

>

>

>

It is difficult to monitor and analyze the market
due to differences in the tracking of e-cigarette
sales. Common sales-tracking and retail
measurement companies like Nielsen do not
examine vape shop data, which may constitute
as much as 20% of the market.
E-cigarettes are sold at conventional tobacco
retailers, such as convenience stores, gas
stations, pharmacies and tobacco shops. They
are also sold at non-traditional retailers such
as online retailers or vape shops.
In 2018, the FDA contacted eBay and raised
concerns about the site’s continued sales
of JUUL and other tobacco products —
something that was against their company
policy.130 As a result, eBay agreed to work with
the FDA and has tried to remove those listings
from its website. It also published an explicit
policy outlining the reasons why tobacco
products cannot be sold on their site.131
However, recent reviews of eBay found the
site still sells accessories for JUUL, such as
chargers and “skins” that wrap around JUULs
to personalize them.
Because these non-traditional sources
are not tracked by scanner data or other
tracking, it is difficult to know how much
of the market they represent. However,
analysts have made some estimates. One
paper noted that in 2014, traditional tobacco
outlets accounted for less than one-third
of the $2.5 billion e-cigarette market.
According to one recent estimate, the
breakdown of retail channels for the 2019
e-cigarette market is:

» Vape shops: 19%
» Convenience stores, food, drug and mass
132

retail channels: 53%132

» Online and other retail channels: 28%

132
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Retail channels of the e-cigarettes market
Convenience stores, food, drug and mass retail channels
Online and other
retail channels
Vape shops
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POTENTIAL PUBLIC HEALTH IMPACT
The potential public health impact of
e-cigarettes is a subject of hot debate. Despite
inconclusiveness about their short- and longterm health effects, e-cigarettes remain largely
unregulated and their popularity among youth
and young adults continues to rapidly escalate.
At the same time, serious illness and deaths have
been linked to their use and recent research could
not conclusively determine that they posed fewer
health risks than combustible cigarettes.27
Moreover, their potential positive public health
impact will be limited if they are not considered
as part of comprehensive product regulation,
including actions such as reducing nicotine to
non-addictive levels in the most dangerous
products, such as cigarettes, and eliminating
flavors and marketing practices that attract
youth. Continuous and rigorous implementation
of traditional tobacco control measures, such
as taxation, clean indoor air policies and
public education is also essential. Additionally,
an overarching nicotine regulatory policy is
needed to help improve quitting drugs and to
ensure that the FDA reviews tobacco products,
including e-cigarettes, so that consumers better
understand what can help them quit or completely
switch from combustible cigarettes. Finally, the
recent news of vaping-related illnesses requires
swift research and effective guidance to protect
the public’s health.
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POLICY ENVIRONMENT

August 2016 without pre-market review and
authorization by the FDA. Many companies
have not complied with that and the FDA has
sent warning letters to these companies.
For example, in October 2019, the FDA sent
a letter to Eonsmoke regarding nearly 100
flavored e-cigarette products that came on
the market after August 2016 without premarket review and authorization.134

FDA REGULATION
In May 2016, the FDA finalized its “deeming”
regulation, asserting the agency’s authority to
regulate e-cigarettes and any product meeting the
definition of “tobacco product” under the Tobacco
Control Act.133 The FDA can now establish product
standards and regulate the manufacture, import,
packaging, labeling, advertising, promotion,
sale and distribution of e-cigarettes, including
components and parts of e-cigarettes.133 Some of
these regulations are outlined below.
>

>

>

The deeming regulation also includes
requirements for pre-market review for
e-cigarettes as new tobacco products. In
order to receive marketing approval for a
new product, a manufacturer would need to
demonstrate that the new product would be
“appropriate for the protection of the public
health,” taking into account both the likelihood
of new tobacco product initiation and the
increased or decreased likelihood that existing
users of current tobacco products would stop
using such products.133
It is important to note that because virtually
every e-cigarette on the market was
introduced after Feb. 15, 2007, technically
only those e-cigarettes that have gone
through an FDA review to determine whether
they benefit public health should be on the
market now. However, when the agency
finalized the deeming regulation, the FDA
issued a “compliance policy” that would give
e-cigarette manufacturers more time to
prepare those submissions and still allow the
products to be on the market. In other words,
every e-cigarette on the market right now is
illegal because it has not gone through an
FDA review, and is only allowed to be sold
because the FDA gave them a temporary
pass.
Additionally, when the deeming regulation
was finalized, the FDA indicated that no
products could come on the market after
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>

In 2017, the FDA pushed back the compliance
date for e-cigarette manufacturers to submit
pre-market applications even more to August
2022. This delay in the compliance deadline
enabled the proliferation of e-cigarettes that
have never undergone an FDA review.

>

In March 2018, a group of public health
organizations, including Truth Initiative,
sued the FDA for unlawfully delaying the
implementation of the deeming rule. In

Legal challenges
to e-cigarettes
A series of lawsuits in recent years have also
been brought against JUUL and other e-cigarette
manufacturers by young people who became
addicted to JUUL, claiming JUUL’s marketing was
aimed at youth and instigated these plaintiffs’ use.
California, North Carolina, Illinois, Connecticut,
Colorado, Massachusetts and the District of
Columbia have announced either litigation or
investigation into JUUL’s marketing practices and/
or health claims.136-141
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May 2019, a federal judge ruled that the FDA
had acted illegally by allowing e-cigarettes,
including those with flavors that appeal to
youth, to remain on the market without formally
reviewing their impact on public health.135
The judge ordered the FDA to commence the
statutorily required review by May 2020. The
FDA appears to have accepted this timetable,
although industry groups are still challenging
the federal judge’s decision.
>

In addition, the Trump administration has
indicated it will take all flavored e-cigarettes
off the market if they have not undergone
premarket review. By early November, the
Administration had signaled it may walk back
from that policy. As of November 8, 2019, no
policy has been released.

220 localities have prohibited
the sale of flavored tobacco products,
including flavored e-cigarettes.
These include Berkeley, Oakland, Sacramento
and San Francisco, California; Aspen, Colorado;
Chicago, Illinois; Boston, Massachusetts;
Minneapolis and St. Paul, Minnesota; and
Providence, Rhode Island.143 However, a large
majority of the U.S. population — more than
90% — is not covered by such restrictions.144

FLAVORS
>

There are currently no federal restrictions on
flavored e-cigarettes.

>

In March 2018, the FDA issued an advance
notice of proposed rulemaking to request public
comment to better understand the role that
flavors in tobacco products play in attracting
youth, as well as the role they may play in
helping some smokers switch to potentially less
harmful forms of nicotine delivery. However,
this request for comment is not a guarantee
of agency action on this issue and no further
rule-making action on flavors has been taken or
announced by the FDA as of this writing.

>

In March 2019, the FDA proposed to restrict
the sales of flavored e-cigarettes, except
mint, menthol and tobacco flavors, to agerestricted locations and online retailers that
place a limit on the quantity that a customer
may purchase within a certain time period and
have independent, third-party age-verification
services.142 As of October 2019, a final guidance
had not yet been issued by the FDA.

>

As of Aug. 28, 2019, 220 localities had
prohibited the sale of flavored tobacco
products, including flavored e-cigarettes.
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>

In September and October 2019, governors in
several states (Michigan, Montana, New York,
Oregon, Rhode Island and Washington) used
their emergency executive powers or directed
their state health departments to temporarily
ban in-store and online sales of flavored
e-cigarettes, citing the youth e-cigarette
epidemic and recent health concerns
regarding seizures and lung illnesses.145-150
As of late October 2019, however, the New
York, Michigan and Oregon bans had been
temporarily suspended.151-153 In Massachusetts,
the governor took the extraordinary step of
suspending the sale of all e-cigarettes.154 And
while the ban has not been overturned, a judge
recently ruled that it must be resubmitted with
an opportunity for public comment.155 Several
other governors have ordered their legislatures
to consider legislation to restrict e-cigarette
sales. The Utah Department of Health also
issued a temporary emergency rule to restrict
the sale of flavored e-liquids to licensed
specialty tobacco stores.156
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>

On Sept. 11, 2019, in light of significant signs
of increased youth uptake of e-cigarettes and
the lung illnesses and deaths associated with
vaping, the administration announced that
it would not extend the compliance period
described above to flavored e-cigarette
products (other than tobacco flavor),
effectively removing all but tobacco-flavored
e-cigarettes from the market.35 Manufacturers
would be able to submit flavored e-cigarette
premarket applications to the FDA for review
to determine whether they provide any public
health benefit.35,157 By early November, there
were signs the Administration may water down
that strong policy. At the time of this writing,
the FDA has not yet finalized this action and
flavored e-cigarettes remain on the market.

retailers to obtain a license to sell e-cigarette
liquids, but not e-cigarette devices themselves.
In North Carolina, e-cigarette retailers who
buy their stock directly from a North Carolina
distributor/wholesale dealer or manufacturer
do not need to obtain a license, while those who
obtain their stock directly from manufacturers
outside of North Carolina do need a license.

MARKETING
>

There are few federal restrictions on the
marketing of e-cigarettes, and, unlike
traditional cigarettes, e-cigarettes can be
advertised on television and radio, in print, and
through digital and social media.

>

Marketing materials of e-cigarettes cannot
make claims that their product exposes users
to fewer toxins or reduces harm unless the
FDA grants an order allowing such claims.
In September 2019, the FDA sent JUUL a
warning letter cautioning against unauthorized
cessation claims and questioning recent
marketing practices that appeared to be
targeted to youth.159 In October 2019, the FDA
sent Eonsmoke a warning letter for, among
other things, marketing their products with
unauthorized claims of reduced harm of their
products, and for advertisements through social
media influencers that do not carry the required
warning label.134

>

E-cigarette products whose labeling or
advertising is misleading can be considered
to be misbranded under the Tobacco Control
Act. This includes e-cigarette marketing that
imitates food or beverages, as mentioned above.

>

States have the ability to regulate the time,
place and manner of tobacco marketing,
including e-cigarettes.133,160 For example,
California and Delaware prohibit websites
and online and mobile applications directed
at minors from marketing or advertising
e-cigarettes. California also prohibits
advertisements of tobacco products, including
e-cigarettes, on any outdoor billboard
located within 1,000 feet of a school or public

LICENSING
>

Licensing and commercial zoning are areas of
local concern. The federal government has no
regulations affecting tobacco retailer licensing.

>

As of June 15, 2019, 24 states and the District
of Columbia require licenses for the retail
sales of e-cigarettes.158 Delaware requires

Unlike traditional cigarettes,
e-cigarettes can be advertised
on television, radio, digital
media and social media.
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legible font.

playground.161
>

Recently, the FTC announced it was requiring
marketing data for the years 2015-2018 from
six of the top-selling e-cigarettes in the U.S.
The companies will be required to provide
data such as how much the companies
spent on various types of advertising and
promotions, product placement in media,
as well as social media and influencer
marketing. This is the first time such
information will be collected by FTC.

The Child Nicotine Poisoning Prevention
Act of 2015 requires the Consumer
Safety Product Commission to establish
requirements for child-resistant packaging
for e-cigarettes and e-liquids. The law,
passed before the deeming regulation
gave the FDA authority over e-cigarettes,
maintains the FDA’s ability to regulate such
packaging. The FDA has indicated that it
will also issue regulations requiring childresistant packaging for e-cigarettes and
e-liquids, but has not yet done so.

>

PRODUCT PACKAGING
>

The FDA deeming regulation, effective Aug. 10,
2018, established a nicotine warning label that
must appear on all tobacco products, including
e-cigarettes:

TAXATION
>

There is no federal excise tax on e-cigarettes.

>

States have the authority to tax e-cigarettes.
Nineteen states and the District of Columbia
have imposed a tax on e-cigarettes.161

WARNING: This product contains nicotine.
Nicotine is an addictive chemical.162
The warning label must comprise 30% of the
two principal display panels and be in a large,

Taxes are a particularly effective tool for
discouraging youth use of tobacco products. Youth

Nineteen states and Washington, D.C., have imposed a tax on e-cigarettes.
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and young adults are two to three times more
likely to respond to changes in prices than adults,
and studies examining the effect of price increases
on combustible cigarettes estimate that raising the
cost of cigarettes to $10 per pack nationwide would
result in 4.8 million fewer smokers between the
ages of 12 and 25.

2016.133
>

YOUTH ACCESS AND MINIMUM AGE OF SALE
>

» A 2014 study of internet tobacco vendors

The FDA deeming regulation established a
federal minimum age of 18 for the sale of
all tobacco products, including e-cigarettes.
Retailers must check photo IDs of everyone
under age 27 who attempts to purchase
tobacco products, including e-cigarettes.

selling e-cigarettes found that 52.3%
of vendors had an age warning on the
homepage of their website. However,
51.9% exclusively used age-verification
methods that could not effectively verify
the age of a consumer. Additionally,
11.3% made no attempts to verify age at
all.164

» Pennsylvania is the only state that does
not have a law restricting youth access to
e-cigarettes.163
>

Vending machine sales of e-cigarettes are
prohibited, except in facilities where only those
over 18 are allowed.

>

Free samples of e-cigarettes and their
components are also prohibited as of Aug. 8,

Tobacco 21 laws have
gained in popularity
in recent years.

November 2019

E-CIGARETTES

The Tobacco Control Act required the FDA to
issue regulations to establish age verification
requirements for the internet and other
non-face-to-face purchases of any tobacco
products. However, the FDA has yet to
implement this set of regulations.

>

The Tobacco Control Act prohibits the FDA
from further raising the federal minimum
legal age of sale.165 However, states and
some localities have the ability to establish
a higher age of sale for tobacco products
beyond the federal requirement. As of Sept.
18, 2019, 18 states — Arkansas, California,
Connecticut, Delaware, Hawaii, Illinois,
Maine, Maryland, Massachusetts, New
Jersey, New York, Ohio, Oregon, Texas,
Utah, Vermont, Virginia and Washington —
and at least 505 localities have established
a minimum age of 21 for the sale of tobacco
products.166 As of this writing, the federal
government is also considering proposals
for adopting a nationwide minimum age of
21 for the sale of tobacco products, but those
proposals are not yet law.

>

Tobacco 21 laws, which forbid the sale
of tobacco to anyone under age 21, have
gained in popularity in recent years. Tobacco
companies have increasingly indicated
their support for such laws, but they often
simultaneously support and help to develop
policies that weaken the impact of other

28

effective tobacco control laws.

INTERNATIONAL POLICIES
International regulation of e-cigarettes varies
widely, and, due to the relatively recent introduction
of the product category, is rapidly changing.
>

As of November 2018, 98 countries had
national laws regulating e-cigarettes and 29
countries had banned the sale of e-cigarettes
completely. A significant portion of countries
with e-cigarette policies (67) prohibit or
regulate e-cigarette marketing.167 The
European Union has enacted standards
for e-cigarettes, including restricting the
strength of nicotine fluids (2% maximum),
limiting tank size on vaping devices (2 ml
maximum), requiring child-resistant packaging
and prohibiting cross-border advertising of
e-cigarettes.168 Some member states have
further restrictions on the age of sale and
taxes.169

>

The Institute for Global Tobacco Control at the
Johns Hopkins Bloomberg School of Public
Health keeps a database of international
e-cigarette laws.170 Notably, the United
Kingdom has been most active in promoting
e-cigarettes as a reduced harm alternative
to cigarettes.171 Public Health England has
encouraged the National Health Service
to make e-cigarettes available to smokers
looking to quit or switch.171 The U.K. allows
for the licensing of e-cigarettes as medicinal
quitting aids, but no manufacturer has yet
taken this route to product approval.172

>

The World Health Organization (WHO) recently
warned governments, as well as the public,
not to trust the tobacco industry’s latest
health claims regarding e-cigarettes.173 The
WHO also released a set of recommendations
around e-cigarettes to protect public health,
including advertising and flavor restrictions to
prevent youth sales, plain packaging policies,
and awareness around the danger of tobacco
use becoming re-normalized.174
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Unlike in the U.S., a significant
portion of countries with e-cigarette
policies prohibit or regulate
e-cigarette marketing.

Photo: Stanford Research into the Impact of Tobacco Advertising
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EU ruling on vaping and addiction to tobacco
February 18 2016, 12:01am, The Times
https://www.thetimes.co.uk/article/eu-ruling-on-vaping-and-addiction-to-tobacco-x5zv75d28

Sir,
Matt Ridley’s analysis and conclusion concerning e-cigarettes must not be allowed to go
unchallenged (“Threat to vaping is a backward step for UK”, Feb 15).
Although we share the hope that vaping might provide a safer alternative to conventional tobacco
smoking, the statement by Public Health England (which Ridley quotes) that vaping is 95 per cent
safer than [tobacco] smoking is groundless. We, and others, have shown that there is insufficient
scientific evidence of an acceptable quality or quantity, or relevance and reliability, to permit
an objective and meaningful risk assessment.
Also, it is known that, in addition to nicotine, e-cigarette vapour contains a number of harmful
chemicals at potentially significant levels.
The human respiratory system is a delicate vehicle, on which the length and quality of our
lives depend. For governments and companies to condone, or even suggest, the regular and
repeated inhaling of a complex mixture of chemicals with addictive and toxic properties, but
without comprehensive data, is irresponsible and could have serious consequences.
Far from “leading the way, with more people having quit smoking by taking up vaping than in other
countries”, there is a danger that Britain may be laying the foundations for a public health
disaster, albeit one that may not become apparent for decades. Only one piece of advice is worth
giving: quit smoking anything.
Michael Balls
Emeritus professor of medical cell biology, University of Nottingham
Dr Robert Combes
Independent consultant in toxicology
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We were surprised to read in
The Lancet (Nov 1, p 1576), 1
Lorien Jollye’s criticisms of the
public health community for, as
she alleges, insulting and ignoring
the supporters of electronic
cigarettes (e-cigarettes). A recent
Lancet–London School of Hygiene &
Tropical Medicine Global Health Lab
(held in London, on Nov 4, 2014)
debating the tobacco endgame,
that was widely advertised, was an
opportunity to engage on this issue.
Yet rather than put forward their
arguments, advocates of e-cigarettes
instead chose to remain silent in the
lecture theatre while insulting the
participants on twitter. Two things
are now clear. First, the advocates
of e-cigarettes seem only willing to
engage on their own terms. Second,
anyone with the temerity to suggest
that e-cigarettes are anything other
than the game changing solution
to the problem of tobacco will be
subject to grossly offensive attacks,2
with growing evidence that these
are being orchestrated.3 One recent
example, a tweet directed at two of
us, contained a picture of a noose
with the caption “your days are
numbered”. The public health
community has listened, but it
has also systematically reviewed
the evidence. 4 Numerous national
and international organisations
have reached the conclusion that
it is possible that these products
might help some people who
are heavily addicted to nicotine
but there are many very serious
concerns about their effectiveness,
safety, and potential to renormalise
smoking. 5 Moreover, there are
real concerns that they are introducing non-smoking adolescents to
nicotine addiction,6 so it is certainly
premature to encourage their
use. However, the very effective
campaign waged by their supporters
has ensured that other measures of
www.thelancet.com Vol 384 December 13, 2014

known effectiveness have almost
disappeared from the debate on
tobacco control.
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Prevalence of
overweight and obesity
in children and adults
The global burden of overweight
and obesity study by Marie Ng and
colleagues (Aug 30, p 766)1 will be
crucial to drive political change. We
emphasise two important additional
steps in global obesity surveillance to
inform action.
First, obesity trends should be
reported stratiﬁed by socioeconomic
position. A socioeconomic gradient
in obesity has been reported in most
developed countries; greater prevalence
of overweight and obesity is seen in
more disadvantaged groups.2 Although
levelling off of the obesity epidemic
has been reported in some countries,

preliminary evidence suggests that
this has not been shared across all
socioeconomic levels. 3 Obesity is
one of the few preventable risk factors
with increasing prevalence worldwide. Reduction of socioeconomic
inequalities in obesity is an opportunity
to reduce future social disparities
in health. Routine monitoring of
obesity trends by socioeconomic
position should be introduced to make
inequalities central to policy making.
Second, the composition of the
obese population should be described
with respect to the degree of severity.
During the past three decades,
increases have been reported in overall
obesity prevalence, with the largest
increases in the most severe obesity
subgroups. 4,5 Consequently, cases
of severe obesity (body mass index
[BMI] more than 35 kg/m²) account
for an increasingly large proportion
of the obese population over time.
One in seven Americans are now
severely obese, and the total obesity
prevalence is 35% in the USA.6 Severe
obesity is associated with greater
adverse consequences than mild
obesity (BMI between 30·0 and
34·9 kg/m²). Monitoring trends in
the severity composition of the obese
population is essential to predict the
associated disease burden and inform
options for intervention.
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The debate on electronic
cigarettes
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Editorial

Last week, Public Health England (PHE) reported what
it described as a “landmark review” of evidence about
e-cigarettes. The headline in their press release quoted
their top-line ﬁnding—”E-cigarettes around 95% less
harmful than tobacco”. Kevin Fenton, Director of Health
and Wellbeing at PHE, commented that, “E-cigarettes
are not completely risk free but when compared to
smoking, evidence shows they carry just a fraction of
the harm”. Indeed, the 95% ﬁgure was widely picked
up in news media. The BBC, for example, reported with
certainty that “E-cigarettes are 95% less harmful than
tobacco”. So what was the allegedly “game-changing”
evidence that e-cigarettes are so safe?
In the “evidence update” published by PHE,
written by Ann McNeill (King’s College London) and
Peter Hajek (Queen Mary University of London), the
safety of e-cigarettes “in the light of new evidence”
is summarised in this way: “While vaping may not be
100% safe, most of the chemicals causing smokingrelated disease are absent and the chemicals that are
present pose limited danger. It had previously been
estimated that EC [e-cigarettes] are around 95% safer
than smoking (10, 146). This appears to remain a
reasonable estimate.” The headline conclusion of the
PHE report was a judgment relying on two references
from 2014. One (reference 146) was a brieﬁng report
to the UK All-Party Parliamentary Group on Pharmacy.
The other (reference 10) was a paper by David Nutt and
colleagues published in European Addiction Research. It
is from this paper that the 95% ﬁgure derives. McNeill
and Hajek are clear about the importance of this work:
“There is a need to publicise the current best estimate
that using EC is around 95% safer than smoking.” PHE
immediately acted on this recommendation. But with
undue haste.
It is worth reading the paper on which PHE has
based its latest advice carefully. Nutt and colleagues
describe how the Independent Scientiﬁc Committee
on Drugs, which Nutt founded in 2010, convened an
international expert panel to consider the “relative
importance of diﬀerent types of harm related to
the use of nicotine-containing products”. During a
two-day workshop in July, 2013, the panel met in
London to review the context of perceived harms from
nicotine products, the range of products (including
www.thelancet.com Vol 386 August 29, 2015

“electronic nicotine delivery system products”), and
the criteria of harms. The group scored the products
for harm, and weightings were applied to the results.
Based on the opinions of this group, cigarettes were
ranked as the most harmful nicotine product with a
score of 99·6. E-cigarettes were estimated to have
only 4% of the maximum relative harm. It is this result
that yields the “95% less harmful” ﬁgure reported
last week.
But neither PHE nor McNeill and Hajek report
the caveats that Nutt and colleagues themselves
emphasised in their paper. First, there was a “lack of
hard evidence for the harms of most products on most
of the criteria”. Second, “there was no formal criterion
for the recruitment of the experts”. In other words,
the opinions of a small group of individuals with no
prespeciﬁed expertise in tobacco control were based
on an almost total absence of evidence of harm. It is
on this extraordinarily ﬂimsy foundation that PHE
based the major conclusion and message of its report.
The study led by Nutt was funded by Euroswiss
Health and Lega Italiana Anti Fumo (LIAF).
Riccardo Polosa, one of the authors of the Nutt paper,
is the Chief Scientiﬁc Advisor to LIAF. In the paper, he
reports serving as a consultant to Arbi Group Srl, an
e-cigarette distributor. His research on e-cigarettes is
currently supported by LIAF. Another author reports
serving as a consultant to manufacturers of smoking
cessation products. The editors of the journal added
a note at the end of the paper warning readers about
the “potential conﬂict of interest” associated with
this work.
Tobacco is the largest single cause of preventable
deaths in England—e-cigarettes may have a part
to play to curb tobacco use. But the reliance by
PHE on work that the authors themselves accept is
methodologically weak, and which is made all the
more perilous by the declared conﬂicts of interest
surrounding its funding, raises serious questions not
only about the conclusions of the PHE report, but also
about the quality of the agency’s peer review process.
PHE claims that it protects and improves the nation’s
health and wellbeing. To do so, it needs to rely on the
highest quality evidence. On this occasion, it has fallen
short of its mission.  The Lancet
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E-cigarettes: Public Health England’s evidence-based confusion

For the Public Health England
report see https://www.gov.uk/
government/
publications/e-cigarettes-anevidence-update
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Experts criticise Public Health England e-cigarettes review
theguardian.com/society/2015/sep/15/experts-criticise-public-health-england-e-cigarettes-review
Press Association

September 15,
2015

Claims by a government-funded agency that e-cigarettes are 95% less harmful than
smoking arose from a meeting of 12 people, some with links to the tobacco industry,
researchers have said.
Experts writing in the British Medical Journal (BMJ) joined the Lancet in criticising the
evidence used by Public Health England (PHE) in its report on e-cigarettes.
PHE published the “landmark” report last month, describing it as a “comprehensive
review of the evidence”. But several researchers have questioned the robustness of the
data and pointed to links between some experts and the tobacco industry.
An editorial in the Lancet medical journal last month attacked the “extraordinarily flimsy
foundation” on which PHE based its main conclusion. Writing in the BMJ, two further
researchers have questioned whether the claims were “built on rock or sand”.
Martin McKee, professor of European public health at the London School of Hygiene and
Tropical Medicine, and Simon Capewell, professor of clinical epidemiology at the
University of Liverpool, said: “A fundamental principle of public health is that policies
should be based on evidence of effectiveness.”
They said the public would expect PHE’s claims that “the current best estimate is that ecigarettes are around 95% less harmful than smoking” would be based on a detailed
review of evidence and modelling.
“In fact, it comes from a single meeting of 12 people convened to develop a multi-criteria
decision analysis (MCDA) model to synthesise their opinions on the harms associated
with different nicotine-containing products; the results of the meeting were summarised
in a research paper.”
McKee and Capewell said one sponsor of the meeting was a company called EuroSwiss
Health, whose chief executive was reported to have previously received funding from
British American Tobacco for an independent study. He also endorsed BAT’s public
health credentials in a sustainability report, they said.
One of the 12 people at the meeting declared funding from an e-cigarette manufacturer
but not the funding he was reported to have received previously from the tobacco
company Philip Morris International, they added.
“The rationale for selecting the members of the panel is not provided, but they include
several known e-cigarette champions, some of whom also declare industry funding in
the paper. Some others present at the meeting are not known for their expertise in
1/2

tobacco control. The meeting was also attended by the tobacco lead at PHE.”
The research paper produced by the group “tellingly concedes” there is a lack of “hard
evidence for the harms of most products on most of the criteria”, McKee and Capewell
wrote. “However, none of these links or limitations are discussed in the PHE report.”
McKee and Capewell said PHE’s claims that “there is no evidence so far that e-cigarettes
are acting as a route into smoking for children or non-smokers” were premature.
Prof Kevin Fenton, director of health and wellbeing at PHE, said the claims in the BMJ had
been responded to before. He said: “E-cigarettes are significantly less harmful than
smoking. One in two lifelong smokers dies from their addiction. All of the evidence
suggests that the health risks posed by e-cigarettes are small by comparison, but we
must continue to study the long-term effects.
“PHE has a clear duty to inform the public about what the evidence shows and what it
does not show, especially when there was so much public confusion about the relative
dangers compared to tobacco.
“Nearly 80,000 people a year die of a smoking-related illness and smoking costs the NHS
£2bn a year. By spelling out clearly the current evidence – that while e-cigarettes are not
risk-free, they carry only a fraction of the harm caused by smoking – we are fulfilling our
national remit.”
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Vaping: e-cigarettes safer than smoking, says Public
Health England
theguardian.com/society/2015/aug/19/public-health-england-e-cigarettes-safer-than-smoking
James Meikle

August 19,
2015

Vaping is safer than smoking and could lead to the demise of the traditional cigarette,
Public Health England (PHE) has said in the first official recognition that e-cigarettes are
less damaging to health than smoking tobacco.
The health body concluded that, on “the best estimate so far”, e-cigarettes are about 95%
less harmful than tobacco cigarettes and could one day be dispensed as a licensed
medicine in an alternative to anti-smoking products such as patches.
Relative harm
While stressing that e-cigarettes are not free from risk, PHE now believes that ecigarettes “have the potential to make a significant contribution to the endgame for
tobacco”.
The message was backed by the government’s chief medical officer, Dame Sally Davies,
who nevertheless cautioned that “there continues to be a lack of evidence on the longterm use of e-cigarettes”. She said they should only be used as a means to help smokers
quit.
“I want to see these products coming to the market as licensed medicines. This would
provide assurance on the safety, quality and efficacy to consumers who want to use
these products as quitting aids, especially in relation to the flavourings used, which is
where we know least about any inhalation risks.”
The 111-page review raises concerns about the length and cost of the the government’s
licensing process, which is a key part of the revised strategy to cut tobacco use.
No e-cigarettes have yet been licensed, unlike other nicotine-replacement therapies such
as gums, lozenges and patches. Pilot schemes in Leicester and the City of London allow
stop-smoking specialists to offer free e-cigarette starter kits, but smokers elsewhere
cannot be offered e-cigarettes on prescription.
The Medicines and Healthcare Products Regulatory Agency began its work in this area
more than two years ago, and manufacturers have complained that it costs them
millions to go through the process.
Jane Ellison, the public health minister in England, reminded smokers that the best thing
they could do to avoid falling victim to the country’s number one killer was to quit
completely.
1/3

“Although we recognise the e-cigarettes may help adults to quit, we still want to protect
children from the dangers of nicotine, which is why we have made it illegal for under-18s
to buy them,” she said.
The review found that almost all of the 2.6 million adults in the UK now thought to be
using e-cigarettes are current or former conventional smokers, most using them to help
them quit tobacco or to prevent them going back to smoking.
There was no suggestion that the products were a gateway into tobacco smoking, with
less than 1% of adults or young people who had never smoked becoming regular
cigarette users.
The PHE decision comes after carefully choreographed moves by anti-tobacco
campaigners and public health specialists to help move the NHS towards offering better
smoking cessation support and to be less negative about e-cigarettes.
Services are being urged to follow those in the north-east of England in offering
behavioural support to those wanting to quit tobacco and using e-cigarettes to try to do
so.
Smoking kills about 100,000 people a year in the UK, most of those in England where
there are thought to be eight million tobacco users. But official figures suggest smoking
is now at its lowest prevalence since records started in the 1940s.
Rates are highest in many of the most deprived areas of England, and getting smokers
off tobacco is increasingly seen as one of the best ways of reducing health inequalities.
Worryingly for many of those behind the policy change, increasing numbers of people –
up to 22%, compared with 8% two years ago – think e-cigarettes are equally or more
harmful than tobacco. This is leading some smokers to avoid switching, studies have
suggested.
Tobacco reduction campaigners say the public needs to be educated to recognise that
although e-cigarettes, like tobacco cigarettes, contain addictive nicotine, they do not
contain more dangerous chemicals such as tar and arsenic.
PHE is also advocating careful monitoring of the e-cigarette market, particularly of
companies closely involved with or part of big tobacco companies. It says the
government must meet its obligations “to protect public health policy from commercial
and other vested interests of the tobacco industry”.
Kevin Fenton, director of health and wellbeing at PHE, said: “E-cigarettes are not
completely risk-free but when compared to smoking, evidence shows they carry just a
fraction of the harm.
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“The problem is people increasingly think they are at least as harmful and this may be
keeping millions of smokers from quitting. Local stop-smoking services should look to
support e-cigarette users in their journey to quitting completely.”
Peter Hajek, of Queen Mary University, London, one of the independent authors of the
review, said: “My reading of the evidence is that smokers who switch to vaping remove
almost all the risks smoking poses to their health. Smokers differ in their needs and I
would advise them not to give up on e-cigarettes if they do not like the first one they try.
It may take some experimentation with different products and e-liquids to find the right
one.”
Ecita, a trade association of e-cigarette manufacturers, said: “There could be huge longterm benefits to taxpayers and the NHS as well as to former smokers and their families.
The proposed ban in public places across Wales is very worrying, as are many of the
bans in pubs and restaurants across the UK. This appears to be driving a growing
number of people to think the harm is the same, deterring smokers from moving to ecigarettes, and damaging public health.”
The smokers group Forest questioned whether prescribing e-cigarettes on the NHS
would be a justifiable use of taxpayers’ money. Simon Clark, its director, said promoting
them “as a state-approved smoking cessation aid ignores the fact that many people
enjoy vaping in its own right and use e-cigs as a recreational not a medicinal product.”
He said e-cigarettes had been successful because the consumer, not the state, was in
charge. “If they want more smokers to switch to e-cigarettes, public health campaigners
should embrace consumer choice and oppose unnecessary restrictions on the sale,
marketing and promotion of this potentially game-changing product.”
The switch in policy towards e-cigarettes coincided with publication in the Journal of the
American Medical Association of research from Los Angeles suggesting that high school
students who had use e-cigarettes are more likely to go on to try tobacco.
But Hajek said this did not show that vaping leads to smoking. “It just shows that people
who are attracted to e-cigarettes are the same people who are attracted to smoking.
People who drink white wine are more likely to try red wine than people who do not
drink alcohol.”
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Evidence about electronic cigarettes: a foundation built
on rock or sand?
Public Health England recently endorsed the use of e-cigarettes as an aid to quitting smoking.
Martin McKee and Simon Capewell question the evidence on safety and efficacy underpinning
the recommendations
1

Martin McKee professor of European public health , Simon Capewell professor of clinical
2
epidemiology
London School of Hygiene and Tropical Medicine, London WC1H 9SH, UK; 2Department of Public Health and Policy, Institute of Psychology, Health
and Society, University of Liverpool, Liverpool, UK
1

Those responsible for safeguarding the health of the public must
often tackle complex and controversial issues. Public Health
England (PHE) has been courageous in entering the debate on
the role of electronic cigarettes in tobacco control. In a new
report it concludes that e-cigarettes are much safer than
conventional cigarettes,1 and one of its author is quoted as
describing them as a potential “game changer” in tobacco
control.2 Media coverage suggests that the debate is now over,
with a BBC correspondent describing the evidence as
“unequivocal.”2 However, although British organisations such
as the Royal College of Physicians of London3 and ASH UK,4
have endorsed some of the report’s conclusions, albeit with
caveats, many others have come to the opposite opinion. These
include the British Medical Association, the UK Faculty of
Public Health, the US Centers for Disease Control and
Prevention, the American Lung Association, the World Health
Organization,5 the European Commission,6 and other leading
international health bodies.7 The available evidence about
e-cigarettes suggests that the debate is far from over and
questions remain about their benefits and harms.

Defining the role of e-cigarettes

Fundamental divisions seem to exist between those engaged in
this debate. Supporters of e-cigarettes focus narrowly on existing
smokers, comparing the devices’ effects with those of smoking
conventional cigarettes. As well as being an aid to quitting,
e-cigarettes are seen as having a role for people who do not
want to quit, offering a safer substitute for some of the cigarettes
they would otherwise smoke.

Meanwhile, those on the other side of the debate express concern
about uptake of e-cigarettes among people, especially children
and adolescents, who would not otherwise smoke and about
their long term health effects. They argue that although
e-cigarettes do not contain some of the most harmful substances
found in conventional cigarettes, such as tar, they do contain

other substances such as formaldehyde (a carcinogen) and
diverse flavourings. Thus, it is equally important to include
non-smoking as a comparator. They also draw attention to
important epidemiological evidence that contrary to what is
widely believed, reduced smoking (as opposed to quitting) may
not reduce overall risk of death.8 The expression “dual use,”
which acknowledges that two thirds of e-cigarette users also
smoke, rarely occurs in the PHE report. Although some dual
use is inevitable during the quitting process, if this persists long
term health concerns remain. A recent cohort study by McNeill
and colleagues showed that dual use among daily “vapers”
apparently remained above 80% after 12 months follow-up,
which is worrying.9

Quality of the evidence
A fundamental principle of public health is that policies should
be based on evidence of effectiveness. So does the available
evidence show clearly that e-cigarettes are as effective as
established quitting aids? Unfortunately not. The recent
Cochrane review is widely cited,10 but it included only two
randomised controlled trials, both with important limitations,
and concluded that the evidence was of “low or very low quality
by GRADE standards.” The PHE report authors concede the
weakness of the evidence, noting how a single observational
study with substantial limitations offers “some of the best
evidence to date on the effectiveness of e-cigarettes for use in
quit attempts.”

Where there is uncertainty about risks, the precautionary
principle should apply. Thus, in the absence of scientific
consensus that the substance is not harmful to the public, the
burden of proof that it is not harmful falls on those taking an
action. The quality of the evidence cited by PHE therefore
becomes crucial. The headline message from the PHE report,
widely quoted in the media, is that “best estimates show
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e-cigarettes are 95% less harmful to your health than normal
cigarettes,” seemingly leaving little room for uncertainty about
long term risks. Yet a recent systematic review,11 which the PHE
report surprisingly fails to cite, came to a different conclusion.
It found serious methodological problems in many of the 76
studies it reviewed, and one third of the studies (34%) were
published by authors with conflicts of interest. The systematic
review also expressed concern about the effects of various
substances in e-cigarettes, some but not all of which are also
found in conventional cigarettes. It concluded that “due to many
methodological problems, severe conflicts of interest, the
relatively few and often small studies, the inconsistencies and
contradictions in results, and the lack of long-term follow-up
no firm conclusions can be drawn on the safety of e-cigarettes.
However, they can hardly be considered harmless.”

We might also expect that the prominently featured “95% less
harmful” figure was based on a detailed review of evidence,
supplemented by modelling. In fact, it comes from a single
meeting of 12 people convened to develop a multicriteria
decision analysis (MCDA) model to synthesise their opinions
on the harms associated with different nicotine containing
products; the results of the meeting were summarised in a
research paper.12 The authors state: “The sponsor of the study
had no role in any stage of the MCDA process or in the writing
of this article, and was not present at the workshop.” However,
given the importance of complete transparency in an area as
controversial as this, it is legitimate to ask about the sponsors.
One is a company called EuroSwiss Health.13 An internet search
reveals little about its activities other than that it funded the
meeting, but it is one of several companies registered at the
same address in a village outside Geneva with the same chief
executive. He is reported to have previously received funding
from British American Tobacco (BAT)14 for writing a book on
nicotine as a means of harm reduction,15 although the book states
that “the statements, findings, conclusions and recommendations
contained in the book were developed independently of BAT.”
He also endorsed BAT’s public health credentials in its 2013
sustainability report.16
The paper also acknowledges support from Lega Italiana Anti
Fumo (Italian Anti-Smoking League), whose chief scientific
adviser was one of the 12 people attending the meeting. He
declares funding from an e-cigarette manufacturer but not the
funding he is reported elsewhere to have received previously
from tobacco company Philip Morris International.17 The
rationale for selecting the members of the panel is not provided,
but they include several known e-cigarette champions, some of
whom also declare industry funding in the paper.12 Some others
present at the meeting are not known for their expertise in
tobacco control. The meeting was also attended by the tobacco
lead at PHE. Furthermore, their paper tellingly concedes that
“A limitation of this study is the lack of hard evidence for the
harms of most products on most of the criteria.” However, none
of these links or limitations are discussed in the PHE report.

Uncertainty around harms
The PHE report asserts that the available evidence suggests that
e-cigarettes are not currently re-normalising smoking among
children and young people in the UK. However, this remains a
major concern for health professionals and parents. In England,
experimentation with e-cigarettes among young people is
worrying high, with over one fifth of 11-15 year olds having
ever used e-cigarettes18; 73% of the young people surveyed who
had tried e-cigarettes were non-smokers. Uptake of e-cigarettes
among young non-smokers is a particular concern, given that
For personal use only: See rights and reprints http://www.bmj.com/permissions

nicotine use in young people may disrupt brain development
with long term, irreversible consequences for brain function.19
The authors categorically dismiss the possibility that e-cigarettes
may be a gateway to smoking, arguing that even the concept of
a children’s gateway should be rejected. This view seems
premature, particularly given recently emerging evidence20 such
as an American study, published after the PHE report, which
concluded that “those who had ever used e-cigarettes at baseline
compared with nonusers were more likely to report initiation
of combustible tobacco use over the next year.”21 Furthermore,
none of the research so far can be considered conclusive, and
longer term studies are needed.
Evidence on the risk of e-cigarette aerosol to bystanders in
enclosed public spaces is sparse. However, the PHE report seems
to equate lack of evidence with evidence of lack of effect. It
claims that there is “no identified risk to bystanders,” a view
that may be premature.

The report has many other omissions, such as concerns about
product safety, including forged safety certificates reported by
a BBC Fake Britain documentary in December 2014, and the
lack of evidence of risks from long term dual use with
conventional cigarettes.22 Yet perhaps its most striking feature
is its consistent adoption of the most optimistic position on the
limited evidence available. To take one example, the report
offers reassurance that e-cigarettes when “used as intended pose
no risk of nicotine poisoning to users.” This is true, but it is
equally true of all poisons. The report rightly calls for nicotine
to be in child-proof containers given the attraction of colourful
packaging. However, it quotes a report of over 2400 poisoning
cases in the United States up to February 201423 as saying “none
resulted in any serious harm,” although the US report included
reference to a death attributed to suicide. Nor does it cite the
report’s conclusion that “the public should be aware that
e-cigarettes have the potential to cause acute adverse health
effects and represent an emerging public health concern.”

The PHE authors also fail to consider the practical consequences
of their recommendations. If e-cigarettes are so safe, presumably
there will be no restriction on using them in cars. This will make
the forthcoming ban on smoking in cars with children virtually
unenforceable because it will be extremely difficult to determine
what is causing a cloud of smoke or vapour in a moving car.
Finally, the PHE summary states, “The accuracy of nicotine
content labelling currently raises no major concerns.” Surely,
England’s leading public health agency cannot be indifferent
to a situation where consumer product information is known to
be wildly inaccurate?6 24

Where next for policy on e-cigarettes?
In 2016, the European Union Tobacco Products Directive25 will
come into force despite some of the most intensive tobacco
industry lobbying ever seen.26 Most of the lobbying effort
concerned packaging of conventional cigarettes. However, there
was also a powerful attack on the directive’s substantial
restrictions on e-cigarettes. These restrictions will hopefully
limit the negative effect of this flawed PHE report. Meanwhile,
directors of public health and the wider community desperately
need advice on e-cigarettes that is evidence based and free from
any suspicion of influence by vested interests.

Happily, a consensus may be emerging. The English chief
medical officer (CMO) recently said that, if e-cigarettes have a
role in smoking cessation that should be as “licensed medicines.
This would provide assurance on the safety, quality, and efficacy
to consumers who want to use these products as quitting aids.”27
That would, of course, require data to show that they were both
Subscribe: http://www.bmj.com/subscribe
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safe and effective because, as the CMO also notes, “there
continues to be a lack of evidence on the long-term use of
e-cigarettes.” We agree with this view.
Competing interests: We have read and understood BMJ policy on
declaration of interests and have no relevant interests to declare.
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reviewed.
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Key messages
Public Health England’s endorsement of the safety and efficacy of e-cigarettes is based on uncertain evidence
The quality of evidence that e-cigarettes help smokers to quit is weak
Recent evidence questions the conclusion that e-cigarettes are not a gateway to smoking
Until better evidence is available public health strategies should follow the precautionary principle
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Electronic cigarettes:
we need evidence, not
opinions
We read with interest the recent
Lancet Editorial on e-cigarettes
(Aug 29, p 829) 1 and the
accompanying Letter by Ann McNeill
and colleagues.2
McNeill and colleagues 2 criticise
the Editorial on their e-cigarettes
report 3 for focusing on one 4 of
its 185 references. However, that
reference was the only substantive
reference cited in their report to
justify the message that e-cigarettes
are 95% safer than conventional
cigarettes reported so prominently
in the media (the other was simply
a fact sheet that cited the first
reference). Although McNeill and
colleagues did review other evidence
that e-cigarettes are safer (a view not
in dispute), there was no independent
attempt to verify the ﬁgure.
Crucially, many of the studies they
used were also included in a recent
systematic review, 5 although they
failed to cite it. It concluded that
much research on the health eﬀects
of e-cigarettes was methodologically
www.thelancet.com Vol 386 September 26, 2015

weak, 34% of papers they reviewed
were subject to conﬂicts of interest,
and the evidence was inadequate to
conclude that they were harmless.
No-one can know the long-term
effects of inhaling many of the
substances present in e-cigarettes,
particularly flavourings, because
these chemicals have never been
tested in that context.
It is particularly unfortunate that
McNeill and colleagues failed to
address the conﬂict of interests in a
paper which played such a prominent
role in the headlines they generated,
which now appear even greater than
reported by The Lancet.6
Finally, McNeill and colleagues
simplify the issue by only contrasting
vaping and smoking. It is essential
to consider long-term dual use, and
initiation of vaping among children
and adults who would not otherwise
smoke.
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Renal denervation for
resistant hypertension
The DENERHTN trial (May 16, p 1957)1
reported that renal denervation was
associated with a baseline-adjusted
difference of –5·9 mm Hg in
daytime ambulatory systolic blood
pressure after 6 months in favour of
interventional treatment. Surprisingly,
and in stark contrast with the results
from the Symplicity HTN-2 and HTN-3
trials, the blood pressure response
with ambulatory blood pressure
measurements was as high as with
oﬃce blood pressure measurements.1–3
Speciﬁcally, in the Symplicity HTN-2
trial, oﬃce blood pressure was reduced
by 32/12 mm Hg and 24 h ambulatory
blood pressure was reduced by only
11/7 mm Hg after 6 months with renal
denervation, and in the Symplicity
HTN-3 trial, systolic office blood
pressure changed by 14·1 mm Hg
and 24 h ambulatory systolic blood
pressure by only 6·7 mm Hg after
6 months with renal denervation.
Furthermore, despite the blood
pressure diﬀerence between denervation and control groups, the amount
of additional antihypertensive drugs
added in standardised stepped care
was not higher (as expected) in
controls. What is the explanation for
this discrepancy? Since ﬁve patients
who were randomly assigned
to the renal denervation group
were not included in the modified
intention-to-treat analysis, baseline
patient characteristics should
have also been reported for the
48 remaining patients. The authors
have to be applauded for adding a
measure of adherence rates in their
study in view of the very high rate
of non-adherence in patients with
treatment-resistant hypertension. 4
Nevertheless, increases in adherence
after renal denervation not detected
by the eight-item Morisky Medication
Adherence Scale score could still
contribute to improved blood
pressure control.
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1.

Executive Summary

• As professional toxicologists interested in improving testing methods for assessing the

•

•
•
•

•
•

2

safety to humans of chemicals, we starting collaborating with the tobacco industry, to
help identify promising new methods, beginning with tobacco smoking harm reduction
products and then e-cigarettes.
We soon became perplexed over the FDA’s tobacco deeming regulations and then
became even more-concerned about the way in which the UK authorities were laying
the foundations for using e-cigarettes in the fight against smoking-related disease. We
are especially surprised by the lack of scholarship and scientific rigour that is being
applied to the safety assessment of these products, and feel it important to exploit our
independence by speaking out.
The current stipulations regarding the regulatory control and authorisation of electronic
cigarettes (ECs) and vaping in the UK are scientifically flawed, as they are based on
little more than conjecture and value judgment, backed only by poor science.
There has been over-reliance on chemical analysis, the use of incomplete data, and risk
assessments confused with the perceived benefits of vaping versus smoking, all of
which bear little resemblance to standard approaches in toxicological risk assessment.
The authorities, and other stakeholders, have systematically ignored, or erroneously
dismissed, basic principles of pharmacology and toxicology, and inconvenient scientific
observations, while promoting vaping as a way of ceasing smoking, instead of
discouraging the use of nicotine in any form.
The research being overlooked includes evidence of the many pleiotropic adverse
biological effects of nicotine, more of which continue to be revealed with increasing
frequency, which are likely to be highly relevant to carcinogenicity and disease.
We discuss this very serious situation, and offer some suggestions for a better way
forward, for the benefit of individual humans, now and in the future.
Introduction

Electronic cigarettes (e-cigarettes; ECs) are handheld, electronic devices that vaporise a
liquid (e-liquid) containing nicotine with a other additives (e.g. propylene glycol or glycerol,
and flavouring agents), and deliver the vapour to the lungs via inspiration and inhalation (a
process called vaping).
In August 2015, Public Health England (PHE) declared that, in principle, ECs should be
made available on prescription to reduce tobacco smoking
(https://www.theguardian.com/society/2015/aug/19/public-health-england-e-cigarettessafer-than-smoking). It was also made clear that ECs will be regulated as new medicines
by the Medicines and Healthcare products Regulatory Agency (MHRA). This was followed
by the news of the first e-cigarette (Evoke) to receive marketing authorisation from the
agency.
These announcements have proved to be highly controversial, especially since they were
justified by an estimate of there being 95% less harm from vaping than from tobacco
smoking (https://www.gov.uk/government/news/e-cigarettes-around-95-less-harmful-thantobacco-estimates-landmark-review). This submission explains why we believe that the
decision by PHE is, in the light of current knowledge, irresponsible and unacceptable. We
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also propose some recommendations to avoiding the potentially very serious
consequences, if this situation is allowed to continue.
3

Ignoring basic principles of toxicology

This is the most common characteristic exhibited by individuals, reports and publications
discussing safety issues relating to ECs (Table 1; 1-3). The main consequences are: a) the
belief that it is legitimate to base safety studies on analytical chemistry to determine the
presence or absence of specific chemicals, and that data on their relative concentrations in
e-liquids and emissions are sufficient to provide a quantitative measure of harm; b) the
belief that the route of exposure has little effect on nicotine toxicity, and that, as few toxic
effects have been observed since the times when various nicotine delivery devices were
first introduced (ranging from 10 years for ECs to 30 years or more for nicotine
replacement therapies {NRTs]), nicotine must be relatively inactive; and c) the belief that
long-term toxicity can be predicted on the basis of acute effects.
The idea of deriving quantitative information on risk, while having only qualitative
supporting data for ECs, originated from a Multiple-criteria decision analysis (MCDA) study
(4). Our concerns about this are summarised in Table 2. Nutt et al. must have settled on
95% as a convenient comparative number, which PHE eventually simply expressed
differently, ever since which the figure has been quoted ad nauseam, without any
supporting data.
Overlooking the effect of route of administration is exemplified by a report of the Royal
College of Physicians (4) which stated: There are, however, no grounds to suspect that
inhaled nicotine will have an appreciably different risk profile from nicotine delivered via
other routes of absorption. This statement is imprecise, and was not backed by any
references. There are many reasons why toxicity can depend greatly on route, rather than
merely on target organ(s). Another important factor is the possibility of drugs going into
systemic circulation, once entering the body, usually by routes other than orally, before
passing through the liver first - the organ which normally reduces systemic concentrations
of parent compounds and which alters them to produce various metabolites, which can be
more toxic or less toxic than the parent compound.
4.

Superficial and inaccurate reporting of supporting evidence

A paper by Cheng (6), cited in a report commissioned by PHE, written by McNeill et al. (7),
provides evidence of the presence in vapours of some potentially carcinogenic tobaccospecific nitrosamines (TSNAs) at widely different levels (RF), but McNiell et al. did not
mention the evidence in relation to safety, even though they made some other statements
on the issue. This contrasts with another PHE-Commissioned report focusing on safety,
(8), authored by Britton and Bogdanovica. These authors did not mention the extensive
analytical data for such chemicals, as Cheng’s paper was omitted in favour of one by
Goniewicz et al describing that only very low levels of these chemicals are associated with
ECS (9).
In a highly critical editorial (10), The Lancet noted that the PHE report was evidence-based
confusion rather than being a “landmark review”, as referred to by Kevin Fenton, PHE’s
Director of Health and Wellbeing. When commenting on a paper purporting to
demonstrate a link between DNA damage in lung cells and exposure to EC vapour,
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Fenton, replied that Public Health England has always been clear that e-cigarettes are not
100 per cent safe and we will carefully consider this new study and continue to be vigilant.
But our major world leading review, published recently, found that e-cigarettes carry a
fraction of the risk of smoking’ [underlining added]…..’.
(http://www.telegraph.co.uk/science/2016/03/12/e-cigarettes-are-no-safer-than-smokingtobacco-scientists-warn/). The so-called 'world-leading review' by PHE was nothing of the
sort ‒ it was essentially a very poor appraisal of the situation.
We also note that, while Nutt et al., in 2014 (4), urged caution when interpreting their
MCDA data, they supported PHE’s 95% safer value in a letter published two years later
(11). The MCDA paper (4) is also superficial, especially with respect to criteria for
calculating maximum relative harm (MRH) and on how the inescapable problem of the
huge bias in data for tobacco smoking compared with ECs was corrected for. This bias is
due to the much shorter time for which ECs have been available for use and for testing,
meaning that more subjectivity would have been required when assessing ECs to reach
consensus at the decision conference, an even greater problem in 2013, when the
discussions took place. This problem was also noted in a review on ECs, published in
April 2014 (12), which concluded that “Existing evidence suggests that these products
[ECs] are by far a less harmful alternative ….”, although it was admitted that only a very
few toxicological studies were available.
Despite searching background literature on the MCDA technique, some of it recommended
by Nutt et al., and after watching seminars (13-15) by the two leading authors, we have not
found any convincing explanations for our concerns about MCDA. Other critics of the
MCDA approach include: Kujawski (16), who commented that the specific MCDA model
used can greatly influence the rankings of the alternatives for a given set of criteria; and
Rolles and Measham (17), who were highly critical of the criteria and weighting used for
ranking.
5.

Nicotine - an inconvenient truth?

There is widespread agreement in the various reports supporting ECs that, apart from its
addictivity, nicotine, is otherwise non-toxic at its in-use concentrations.
Nicotine is actually one of the most toxicologically and pharmacologically active
substances known (see reviews cited in ref 1). Structural alerts for DNA and protein
binding were identified (unpublished studies by us, by using Toxtree, a decision-tree
expert system for structure-activity relationships [SAR]), explaining the observed
genotoxicity in the literature, and raising questions about respiratory sensitization
(mediatied by DNA binding), and other mechanistically-related diseases, such as Chronic
Obstructive Pulmonary Disease (COPD). Of interest is the fact that propylene glycol and
glycerine lacked these alerts, although they might be precursors for toxic carbonyl
compounds, the generated amounts of which increased with heater settings in one study
(18), but it is possible to generate them without the excessive levels causing dry puff.
The literature on nicotine carcinogenicity and reproductive toxicity, reviewed by us in ref 1
[18 references cited therein], at the very least, suggests that, if not a complete carcinogen
(acting as an itiator and promoter, nicotine acts on a variety of key post-initiation stages of
the multi-step process of carcinogenesis (Fig. 1), including inhibition of apoptosis and
immune system suppression, tumour promotion, cell proliferation, progression, stimulation
of specific cell activating factors, angiogenesis, and the induction of unique patterns of
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differential gene expression (see also 19). The drug also activates at least five mitogenic
signaling pathways and cooperates with TSNAS toward the carcinogenic activity of
tobacco smoke (20), and is also embryotoxic and modulates fertilization.
6.
Cardiovascular disease (CVD) effects
Nicotine and ultra-fine fibres in the particulate matter in tobacco smoke have been
implicated separately to be involved in smoking related CVD via their ability to induce
inflammation in the endothelial layer in blood vessel walls, a first step in atherogenesis
leading to CVD (21, 22). The fibres increase the surface area for reactive oxygen species
(ROS), and possibly act also by causing some physical damage to the cells
It is possible that the two components have to interact synergistically for an effect. Such a
model would explain the lack of association between NRT usage and CVD, and would
suggest that EC use would also not be linked to NRT, unless some other component could
mimic the effect of the fibres. Candidates for this role are the nanoparticles generated
from the heating elements in e-liquid reservoirs. Some of the fibres have overlapping
dimensions with NPs (23), but their surface chemistry needs to be characterised, and
further work is needed to see if they interact with nicotine to induce atherosclerosis.
Interestingly, Zhao et al. (24) recently demonstrated ROS generation by e-cigarettes,
which was highly dependent on brand, flavour, puffing pattern, and voltage.
7.

Basing the safety of nicotine on human studies of NRT users and snus takers

Often, the results from epidemiological studies of users of NRT, and of smokeless tobacco
(e.g. ‘snus’, which is popular in Scandinavia, the device being a pouch of tobacco,
maintained in the mouth for extended periods), without increases in the incidence of
conditions like cancer, COPD or CVD, in device-users compared with matched non-users,
are used to argue against nicotine being toxic. However, such arguments fail to explain all
of the evidence and/or do not accord with all of the facts.
While the 30-year or so period during which NRT products have been available would
seem to be a sufficiently long time for the lack of increased susceptibility to cancer to be
attributed to the non-carcinogenicity of nicotine, it is a collective figure for all users, which
should not be confused with individual treatment durations for a course of NRT (typically 812 weeks per patient) ‒ too short a duration for assuming non-carcinogenicity.
With regard to snus, careful reading of the statistics in the annual Swedish Cancer
Registry (http://www.socialstyrelsen.se/english) reveals a complex relationship between
snus-taking, lung cancer and other cancers. Two key conclusions from the statistics, a)
that the use of snus almost halved lung cancer incidence in males in Sweden, and b) that
it is not associated with increases in the occurrence of a range of other ‘common’ cancers,
do not agree with all the available evidence, some of which suggests that snus usage has
had only a minimal effect on lung cancer incidence overall, in males, and that increases in
a range of other cancers (including oral and pancreatic) can be linked to exposure to snus.
Therefore, the statistics on the change in cancer incidence in relation to snus-taking in
Sweden need to be interpreted carefully. Some other published analyses of population
studies, including that by Lee et al. (25), essentially giving snus the all-clear, were
criticised by Tomar et al. (26). Finally, if nicotine were a tumour promoter, a long period
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between exposure to an initiator and promoter is just what would be expected to still
potentially result in tumorigenesis.
8.

An attempt to obtain long-term data on ECS

A so-called ‘long-term’ biomonitoring study, published in March 2017 (27), allegedly
demonstrating the much greater safety of vaping compared with smoking, has been hailed
as being the closest yet to endorsing the 95% less harmful value and PHE’s policy on
ECs.
Biomonitoring assesses internal exposure to, and the possible systemic effects of, a
substance to which an individual is exposed, thereby strengthening the link between
exposure and effect. The study in question analysed urine samples obtained from
smokers, vapers and those on various types of other NRT devices, for the presence of
biomarkers of exposure to several carcinogens found in tobacco smoke and linked to lung
cancer. The key criterion for inclusion in the study was the daily use of the same broad
category of device for at least six months prior to sampling. This allowed conventional NRT
users to use devices with varying routes of administration, introducing a further source of
variability. Levels of biomarkers were detected and quantified by using highly sensitive
methods for chemical analysis.
The lowest concentrations of all the biomarkers were found in the samples from the EConly users. As the differences were quoted as being between 90-100%, the authors
interpreted this as vindication of the 95% figure.
However, the study was flawed in its rationale (it relied on chemical analysis), and its
design (small numbers of volunteers and wide differences in gender ratios between some
of the cohorts and only one timepoint). Conventional long-term toxicity testing involves
repeat exposure studies and continual surveillance of laboratory animals, for at least
several months. The tests are designed to detect chemicals that might not specifically
exhibit acute effects. Therefore, this study, with only one sampling, should not be
regarded as being equivalent to a repeat-dose toxicity study. There was also no control of
fluid and nutrient intake on the day of sampling, let alone of the type of device, and no
determination of the various e-liquid compositions. At best, the study could have provided
only a snapshot of what was happening during the period involved.
9.

A role for non-animal methods

Regulatory test batterIes for new drugs include subchronic and chronic tests that are
specifically designed to predict repeat-dose toxicity (<90 days) and longer-term toxicity,
some studies of which take some 2-3 years to complete. Long-term models of respiratory
diseases also exist (2, 28). An example of one of these has recently been published (29),
in which mice were exposed by inhalation to nicotine-containing EC fluids for one hour
daily over four months. The exposures induced effects associated with the onset of
COPD, including cytokine expression, airway hyper-reactivity, and lung tissue destruction.
These effects were nicotine-dependent in the mouse lung, suggesting that inhaled nicotine
contributes to airway and lung disease.
However, our suggestion of the need for more hazard data for ECs does not necessarily
mean more animal testing, since many in vitro methods exist (see citations in refs 1-3)
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These offer many advantages over their in vivo counterparts, ranging from more-precise
dosimetry to advantages in data interpretation. This is especially true for inhalation testing
(28).
Monolayer-cultures of cells from target airway sites can be used. For example, in the fourmonth COPD study mentioned above, the same results were obtained when normal
human bronchial epithelial [NHBE] airway cells were cultured at an air-liquid interface (ALI)
and exposed to EC vapours or nicotine solutions by using a Vitrocell smoke exposure
robot.
It should be possible to obtain more-reliable and more-relevant data expeditiously through
the application of integrated testing strategies involving advanced human cell-based tissue
culture systems, in which their differentiated status is retained in culture, and which are
representative of the major target sites in the airways for respiratory toxicity and disease,
by using ALI exposure. Moreover, some of the toxicity endpoints (e.g. DNA damage) can
be measured in situ in the tissue construct (several reviews have been published over the
past year).
The tobacco industry has been active in this area, holding workshops and various
integrated tiered testing strategies have emerged for improving and expediting hazard
identification. We present a generalized strategy, based on this type of approach (Figure
2). The strategy also includes a repeat-dose toxicity testing stage involving the use of
hollow fibre technology for maintaining the longevity of cells in culture by replacing spent
culture medium with fresh medium.
It is also possible to develop in vitro micro-culture models of whole organs, in order to
predict the effects of exposure at several different sites within the same organ,
simultaneously. A pertinent example is a small 'airway-on-a-chip' device developed by
Benam and coworkers (30). This system is lined by living human bronchiolar epithelium
from normal or COPD patients. The device is connected to an instrument that delivers
whole cigarette smoke in and out of the chips, to permit the study of smoke-induced
pathophysiology in vitro.
10.

Smoking cessation versus nicotine quitting

We also note that the rationale for NRT was originally geared toward the ultimate goal of
detoxication from nicotine drug dependency. In other words, it was intended that treatment
would progress from a phased withdrawal, from dual usage via exclusive NRT usage to no
usage. The current emphasis ion smoking cessation is regrettable, since it would greatly
prolong exposure to nicotine. While this might not increase drug dependency, it could
result in many other adverse effects, including tumour promotion and progression of
initiated cells already formed in smokers before they started to quit.
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11.

Discussion

The argument for encouraging the use of ECs is based on: a) the apparent lack of
association between nicotine exposure and carcinogenesis, CVD and other respiratory
diseases, interpreted as meaning that they can be regulated lightly by waiving the batteries
of preclinical and clinical tests to which most new medicines are subjected; b) an estimate
with no scientific basis that vaping is 95% less harmful than tobacco smoking; and c) the
belief that the focus should be on achieving tobacco smoking cessation, rather than drug
independence. Our investigations have encouraged us to conclude that all these
assumptions are spurious when considered with respect to principles of toxicology
involving hazard prediction and risk assessment.
The safety assessment of ECs should, in principle, be no different from that required for
other new medicines. No good reasons for by-passing the risk assessment and risk-benefit
procedures normally required for registering pharmaceuticals have been made public, and
we also note that PHE mandated itself to publish its decision, without first having a public
consultation stage.
We also consider that the use of panels of experts to decide, largely on the basis of
opinion and value judgment, especially for ECS, about the 'relative harms' of nicotinerelease devices, without relevant and reliable quantitative data about the harms resulting
from exposure especially to EC vapour, was unwise and unnecesdsary, especially when
non-animal testing strategies are available to generate meaningful hazard information and
to fill data gaps, to be used, with other information, in a convincing weight-of-evidence
assessment.
Finally, we stand by our belief, expressed in a letter published in The Times on 18
February 2016, that “The human respiratory system is a delicate vehicle, on which the
length and quality of our lives depend. For governments and companies to condone, or
even suggest, the regular and repeated inhaling of a complex mixture of chemicals with
addictive and toxic properties, but without comprehensive data, is irresponsible and could
have serious consequences.”
12.
1.

Recommendations

Good Manufacturing Practice guidelines should specify device design, capability,
construction, mode of nicotine delivery and permissible ingredients, and their
maximum amounts.
2.
The designs should avoid the potential for excessive customisation.
3.
Professional toxicologists should be involved in advising on safety issues
relating to regulation of the use of ECs.
4.
The intrinsic risks from vaping should be investigated and calculated separately,
before comparison with the risks from tobacco smoking.
5.
ECs should be considered as NRT products, rather than for prolonged
recreational usage, until more long-term safety data have become available.
6.
The toxicity of nicotine should be investigated further, as should the ability of
nanoparticles in EC emissions to mimic the effects on CVD of particulate matter in
tobacco smoke.
7.
Threshold values for nicotine toxicity should be identified.
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8.
9.
10.
11.
12.

The end-game should be total cessation of the use of nicotine, beginning with
tobacco smoking, but proceeding to cessation of the use of NRTs and ECs.
POS (point of sale) literature should emphasise the importance of nicotine
quitting.
The MHRA should be more transparent about how ECs will be regulated via a
‘light-touch” approach, especially by applican of the concept of bioequivalence.
We strongly urge that further in vitro methods for detecting long-term toxicity and
chronic disease conditions as a result of inhalation, should be developed and
validated and accepted for use as soon as possible.
Several prospective long-term epidemiological studies should be initiated in the
near future, to assess the adverse clinical and toxic effects from vaping. These
should involve biomarkers of exposure and effect, such as DNA adducts,
chemically-modified bases, and genotoxicity of body fluids.

December 2017
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Table 1
Ten principles of toxicology being ignored in the debate in the UK concerning electronic
cigarettes
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

There can be synergistic or antagonistic effects between constituents of
complex mixtures.
Non-linear dose-responses are often exhibited.
There can be lag periods of many years between exposure and effect, e.g.
for some cancers.
Analytical chemistry is of limited value for predicting non-toxicity.
Some chemicals and endpoints lack thresholds of toxicological concern, and
toxicity can occur at very low concentrations.
Long-term effects are just as important as acute ones.
Quantitative expressions of safety should always be based on numerical
data.
Route of entry/administration can have a large effect on toxicity.
Acute toxicity data should be used with great care, when attempting to
predict long-term effects.
When in doubt, adopt the precautionary approach.
_______________________________________________________________________________________________
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Table 2
Ten problems with the MCDA study (Nutt et al., 2014)* on Maximum Relative Harms (MRHs) for
nicotine devices, and its subsequent interpretation
____________________________________________________________________

1.

Insufficient information available to repeat study closely with a completely different panel
of experts (e.g. criteria for MRH unclear).

2.

Panel did not have on it a toxicologist experienced in risk assessment (the focus was not on
comparison of hazard compared with exposure).

3.

Huge bias of harm information available for tobacco smoking compared with vaping,
(meaning much more conjecture in scoring the latter).

4.

Therefore, although scoring in general based on opinion, this would have been less so for
tobacco smoking.

5.

Since 2013/4, much more safety data have become available for vaping, and such
information should inform fresh new discussions.

6.

No explanation as to how consensus was achieved between the panelists (no proceedings
of face-face workshop).

7.

No numerical hazard data to support the quantitative estimate made for relative harm of
vaping versus tobacco smoking (resulting in a false impression of accuracy).

8.

Insufficient focus on the toxicity of nicotine and its contribution to harms (leading to a
possible under-estimation of harm from vaping).

9.

Harms from smoking based on short-term and chronic effects, whereas, for vaping, no
chronic data available (long-term safety cannot be accurately predicted from acute effects).

10.

MRH values were based on wide range of criteria, other than safety per se,** meaning use
of the term ‘harm’ in the paper is misleading (‘harm’ has been used to infer safety, when
the terms are not synonymous).

* reference 4 in References
**only 5/14 harm criteria were related to personal user adverse effects, and one of these
was drug dependency;
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Evidence and E-Cigarettes: Explaining
English Exceptionalism
See also Fairchild et al., p. 1000.

What should health professionals advise about e-cigarettes? In
this issue of AJPH, Fairchild et al.
(p. 1000) compare reports offering
two very different perspectives.
One is by Public Health England
(PHE), the body charged with
protecting the health of the population, which has promoted
e-cigarettes, or vaping, enthusiastically as a means to reduce the
harm associated with smoking (for
additional reading, see the Appendix, available as a supplement
to the online version of this article
at http://www.ajph.org). The
other, by the US National Academies of Science, Engineering, and
Medicine (NASEM), takes a much
more cautious view, noting the
large gaps in the available research
as well as the warning signs in
studies that have been undertaken.
Fairchild et al. attributed this difference primarily to PHE’s focus
on the potential beneﬁts to existing
smokers in England, whereas the
US report emphasizes the protection of nonsmokers, including
children, who may be attracted to
e-cigarettes and thus at risk for
nicotine addiction, including,
potentially, cigarette smoking.
They also point to other differences, such as the priority given
to randomized control trials in
the NASEM report, whereas the
PHE report questions their value,

July 2019, Vol 109, No. 7

AJPH

seeing them as inconsistent with
the real-life situation.
The situation in which two
groups assessing the same evidence
reach differing conclusions is not
unique and can be attributed to
differing weights placed on particular issues. For example, perspectives on genetically modiﬁed
food may differ depending on
whether one views it as an issue
of consumer safety, biodiversity,
or the power of multinational
producers over small farmers. But
is it simply a question of different
perspectives that explains the
markedly divergent conclusions
about e-cigarettes? To answer
this question, it is necessary to
recognize, as Fairchild et al. note,
that England really is quite exceptional in its approach to
e-cigarettes. Thus, another report, written by the Australian
Commonwealth Scientiﬁc and
Industrial Research Organization
and stretching to 394 pages,1
reaches conclusions that are
broadly similar to those of the
NASEM Report. So does a
statement by the Forum of International Respiratory Societies,
bringing together nine of the
leading professional organizations worldwide working on
respiratory health.2
The European Public Health
Association, representing 40

national associations of public
health, is similarly concerned, as
are the European Commission,
the World Health Organization,
and many others (see Appendix).
Thus, rather than comparing just
two reports, surely the more important question is why PHE,
along with some other English
organizations, such as the Royal
College of Physicians and the
English advocacy organization
Action on Smoking and Health,
takes a view that is so much at odds
with those in the rest of the world?

DIFFERENT
PROFESSIONAL
PERSPECTIVES
It does seem that the backgrounds of those assessing the
evidence matters. Some of the
strongest advocates of e-cigarettes
in England are respiratory physicians (although, as noted, the
leading respiratory organizations
do not share their views). They are
confronted daily with individuals
addicted to nicotine who seem
unable to quit smoking. They hear

compelling stories from individuals who have found e-cigarettes
an aid to quitting. Yet many
studies ﬁnd that the net result is a
reduction in quitting, whereas
dual users, who are typically
the majority, are more likely to
transition to exclusive cigarette use
than to either sole e-cigarette use
or complete abstinence.3 They
may also believe in the “hardening” hypothesis, whereby it is
thought that as smoking rates
decline, those few smokers who
remain are especially resistant to
quitting, although the most recent, thorough review shows that
evidence does not support this.4
Other strong supporters have
worked with drug users and are
familiar with methadone and
needle exchanges being used as
established means of harm reduction. Yet the approach advocated by e-cigarette enthusiasts
lacks some of the core elements
employed in the narcotics ﬁeld
(see Appendix).
Those favoring a much more
cautious approach to e-cigarettes
are, by contrast, drawn primarily
from the public health community, which focuses on the overall
population impact, anticipating
the ability of e-cigarettes to
recruit a new generation of
smokers; pediatricians, who share
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those concerns; and cardiologists,
who recognize the growing
evidence linking components of
e-cigarette vapor to endothelial
damage in particular.

LACK OF HARD
EVIDENCE FOR HARMS
It seems necessary to look beyond these differences in emphasis.
PHE was one of the ﬁrst organizations to support e-cigarettes. It
has actively promulgated the claim
that they are 95% safer than conventional cigarettes. Crucially, that
claim is derived not from empirical
evidence but from a meeting
attended by 12 people, many who
had previously expressed support
for e-cigarettes. The report, often
referred to as the “Nutt report”
after its lead author, provided this
remarkably precise and memorable
ﬁgure even though their article
conceded, “A limitation of this
study is the lack of hard evidence
for the harms of most products on
most of the criteria.”5(p224) Despite
this most fundamental of caveats, a
senior PHE ofﬁcial told an Australian parliamentary inquiry, “We
are very clear that this is just one of

the ﬁgures that we have used, and
there are plenty more. We say what
really matters is the evidence underlying
this ﬁgure came from the Nutt report.”6
[emphasis added]
To complicate matters further, there are important
questions about the funding of the
meeting, speciﬁcally any role of the
tobacco industry, that are yet to be
answered satisfactorily.7
Of course, considering how
little time has elapsed since
e-cigarettes entered widespread
use, it is impossible to put a precise
ﬁgure on harm, and the emerging
evidence indicates that it is inappropriate to view them as a safer
form of cigarette, as both types
contain substances not found in
the other, ensuring that dual users
will have the worst of both
worlds. But, because of the
prominence of this claim, now
afforded extensive visibility via
e-cigarette industry promotion, it
has been hard to retreat from it.
This is an example of what is
termed “escalation of commitment” or, by economists and behavioral scientists, “sunk cost
fallacy” (see Appendix). Once
embarked on a course of action or
line or argument, it is difﬁcult to
extract oneself. It leads to a

situation in which evidence that
supports the position being held is
promoted, whereas that which
challenges it is dismissed. Thus,
even though Juul e-cigarettes—
which have come to dominate
the US market in just three
years—are only now entering the
UK market—with evidence already of an increase in adolescent
e-cigarette use—we are to believe
that the situation is somehow
completely different from that in
the United States, where adolescent vaping has assumed epidemic
proportions. Considering a common language and the strong
cultural links between the two
countries, the idea that the powerful provaping imagery on the
Internet will somehow disperse in
a puff of smoke on its journey
across the Atlantic seems, to say the
least, implausible. So, as we seek to
explain this example of English
exceptionalism, the answer may
lie in the growing literature on
cognitive biases.
Martin McKee, MD, DSc

Our health is the product of
the social, economic, and environmental context within which
we live. The air we breathe, the
water we drink, our education,
our friend networks, the places
where we live, and the conditions of our work are foundational drivers of our health. This
observation, perhaps obvious at
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this point in time for the readers
of AJPH, has one fundamental
implication that colors the science of population health and
the practice of public health. It
suggests, centrally, that the
health of populations is inherently political.
It is impossible to separate our
social, economic, and environmental
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which has expressed major concern about
the promotion of e-cigarettes.

conditions from the political
decisions and actions that create
this context. Decisions that

drive quality and availability
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Facts and fiction on e-cigs
What are they?
Electronic cigarettes, also known as e-cigarettes, e-cigs or, most accurately, Electronic nicotine
delivery systems (ENDS), are devices that deliver an aerosol (incorrectly called ‘vapour’), inhaled by
the users and created by heating a solution, usually composed of propylene glycol or glycerol
(glycerin) and flavourings, generally with nicotine. While they both contain nicotine, e-cigarettes and
traditional cigarettes are entirely different products. Thus, while the vapour from e-cigarettes does
not contain some of the harmful substances in traditional cigarettes, it does contain different
harmful substances not found in traditional cigarettes, so the health effects of using both can be
expected to be greater than either alone. ENDS have been heavily marketed in some countries in
recent years. In 2017, about 15% of the European population had tried e-cigs at least once in their
life.1
The WHO view on e-cigs
In 2016, the World Health Organization (WHO)2 noted that, while e-cigarettes might be less harmful
than conventional cigarettes, e-cigarettes still pose important risks to health, and that ENDS
regulation should:
 Deter e-cigarette promotion to non-smokers and young people;
 Minimise potential health risks to e-cigarette users and nonusers;
 Prohibit unproven health claims about e-cigarettes;
 Prevent/Bar/Ban involvement of the tobacco industry in the marketing and promoting of ecigarettes.
The legislative situation in Europe
As of May 2016 all European Union (EU) countries must comply with the EU Tobacco Products
Directive that includes regulations for ENDS. The Directive3 states that their packaging should provide
information on toxicity and addictiveness, health warnings, and a list of all the substances contained
in the product, including the exact level of nicotine (that should be in a concentration level of no
more than 20 mg/mL). The Directive also requires that advertising and promotion rules for tobacco
products also apply to electronic cigarettes.

1

Answering key-questions about e-cigs
Are e-cigs safe?
 E-cigs have only recently been used widely so there are limited long term data. Consequently, as
noted by the WHO, it is impossible to say if and by how much they are safer or more dangerous
than traditional cigarettes. The widely cited figure of 95% safer4 emerged from a discussion
among individuals, most of whom had previously advocated for these products,5 who conceded
the lack of evidence on which to base their conclusion.6
 E-cigs do not produce the tar produced by traditional cigarettes that is the main cause of lung
cancer. However, they do produce formaldehyde, a known carcinogen at levels above
recommended levels.7 In addition, nicotine acts in ways that may encourage spread of
established tumours8 and reduce the effects of cancer chemotherapy.9 Overall, however, the risk
of cancer is unknown, though likely to be lower.
 E-cig use has been tied to lung disease, with a growing body of research, including laboratory
studies, case reports and population epidemiology, reporting adverse effects of e-cig vapour,
potentially linked to flavourings not found in traditional cigarettes that have been tested.10,11,12
 E-cig use adversely affects the cardiovascular system, with a number of studies linking them to
impaired functioning of blood vessels. A recent cross-sectional study found that daily e-cigarette
use is associated with increased risk of heart attacks, with an additional effect in those also
smoking, and while the authors were careful not to claim a causal relationship, they noted that
the findings are consistent with the growing body of research on the effects of e-cigarettes on
the vascular system.13
 The level of nicotine and other components released varies greatly among products, even at
equal levels of nicotine in the refill liquid, due to the considerable differences among the
different types and brands of e-cigs. The voltage of the system also affects nicotine delivery.
Consequently, it is not possible to extrapolate findings from one product to another.

Conclusion:
The health risks associated with e-cigarettes remain uncertain but they cannot be
considered safe. What is certain is that statements that they are some percentage safer than
conventional cigarettes are so far unjustified.
Are e-cigs effective in helping to quit smoking?
 E-cigarettes are promoted in some countries as a tool to quit conventional smoking. However
a recent meta-analysis of 27 studies reports that smokers (the whole population, including
heavy smokers and all other smokers) who use e-cigarettes are about 1/3 less likely to quit
smoking, compared to smokers who do not use e- cigarettes.14
 These findings are consistent with a study using survey data from all 28 EU Member States,
which also found that e-cigarette use was associated with reduced quitting.15
 A Cochrane Review of the small number of randomized trials concluded that the evidence for
their effectiveness was of low quality16 and a subsequent large randomised controlled trial
found that they were of no additional benefit when added to provision of information and
motivational text messages.17
 One large US study following exclusive e-cig and dual users over a year found that, while
some of each group did quit or moved from dual use to sole e-cig use, more than twice as
many continued to smoke, with a net increase in risk.18
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The largest review to date, conducted by the US National Academies of Science, Engineering
and Medicine,19 concluded that “For youth and young adults, there is substantial evidence
that e-cigarette use increases the risk of ever using combustible tobacco cigarettes. For ecigarette users who have also ever used combustible tobacco cigarettes, there is moderate
evidence that e-cigarette use increases the frequency and intensity of subsequent
combustible tobacco cigarette smoking.”

Conclusion:
Overall, e-cigarettes may help some smokers quit but, for most, e-cigarettes depress
quitting.

Do e-cigarettes act as a gateway to tobacco consumption?
 Evaluating the association between e-cig use and subsequent smoking is complicated by the fact
that smoking rates among young people are falling in many countries, regardless of whether ecigs are available or not.
 A recent meta-analysis reports never-smoking adolescents and young adults who have at least
tried e-cigarettes have a greater risk of starting conventional smoking (quadruple the odds
compared to those that did not try e-cigarettes).20 This cannot be explained by arguments that
these young people would otherwise have started smoking.21
 The overall evidence has recently been summarised in a major report for the Australian
government as follows: “The evidence for a strong positive relationship between use of ecigarettes and later cigarette smoking amongst youth continues to accumulate. The evidence is
consistent in observational studies and across different countries. A plausible biological pathway
from use of e-cigarettes to conventional cigarette smoking operates through developing
addiction to nicotine. The use of e-cigarettes with higher concentrations of nicotine is observed
to have a stronger association to later conventional cigarette use.”22
 Among adults, dual use is the predominant pattern.

Conclusion:
The net effect of making e-cigarettes widely available, at population level, seems likely to be
an increase in sole and dual use of e-cigarettes and sole smoking unless there is very
stringent regulation.
What is the role of the tobacco industry?
 The tobacco industry is promoting e-cigs as well as their related heated tobacco products
(which they inaccurately label 'heat-not-burn') intensely, especially in smaller countries
where tobacco control communities are weaker. One vehicle for this is the Philip Morrisfunded Foundation for a Smoke Free World.23 Consistent with the views of WHO and many
Schools of Public Health, EUPHA’s view is that public health organisations should not accept
funding from this foundation under any circumstances.

Conclusion:
E-cigarettes and “smoke not burn” products are portrayed publicly by the tobacco industry
as a means to reduce smoking yet, at the same time, these companies are actively
promoting their combustible products.
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EUPHA’s view on e-cigs:
Given the available evidence, EUPHA strongly supports the precautionary approach taken in the EU
Tobacco Products Directive and in statements by WHO. It is not possible, at this point, to make any
claims about the relative safety of e-cigs compared to traditional cigarettes. The overall effect may
well be to worsen the tobacco epidemic first by deflecting smokers from using proven smoking
cessation strategies and shifting them to e-cigs, which, for most smokers, reduce successful smoking
cessation, and second by deflecting discussion from measures opposed by the tobacco industry. Ecigarettes are expanding the nicotine market by attracting youth who were at low risk of initiating
nicotine use with conventional cigarettes, but many of whom are now moving on to those
conventional cigarettes. Even if they do not progress, promoting nicotine use to youth is bad public
health policy.
EUPHA also welcomes the recent Bloomberg Stop! Initiative, which will provide important additional
information on the strategies used by the tobacco industry, while commending to journalists,
researchers and others the important resource Tobacco Tactics.24
As The Lancet noted in a recent Editorial,25 referring to a heavily criticized UK House of Commons
Science and Technology Committee report on e-cigarettes, it is "naive and premature… to confuse an
absence of evidence with an absence of harm."
Meantime, the tobacco industry continues to promote its “core product”, traditional cigarettes
globally, and with a special focus on low and middle income countries: EUPHA urges all concerned to
reduce smoking to maintain their focus on evidence-based measures that will reduce smoking.
“The market competes on addiction—the most addictive products win out. With research, they
[firms], like the cigarette companies, may find out which of their ingredients is most effective in
increasing sales/addiction. […]they are loath to give up these profit opportunities, no matter the costs
to society.”
Joseph E. Stiglitz, Recipient of the Nobel Memorial Prize in Economic Sciences, 2008

For more information, please contact the EUPHA office at office@eupha.org.

The European Public Health Association, or EUPHA in short, is an umbrella organisation for public health
associations in Europe. Our network of national associations of public health represents around 20’000 public
health professionals. Our mission is to facilitate and activate a strong voice of the public health network by
enhancing visibility of the evidence and by strengthening the capacity of public health professionals. EUPHA
contributes to the preservation and improvement of public health in the European region through capacity and
knowledge building. We are committed to creating a more inclusive Europe, narrowing all health inequalities
among Europeans, by facilitating, activating, and disseminating strong evidence-based voices from the public
health community and by strengthening the capacity of public health professionals to achieve evidence-based
change.
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A B S T R A C T
With the advent of nicotine replacement therapy, the consumption of the nicotine
is on the rise. Nicotine is considered to be a safer alternative of tobacco. The IARC
monograph has not included nicotine as a carcinogen. However there are various
studies which show otherwise. We undertook this review to specifically evaluate the
effects of nicotine on the various organ systems. A computer aided search of the
Medline and PubMed database was done using a combination of the keywords. All
the animal and human studies investigating only the role of nicotine were included.
Nicotine poses several health hazards. There is an increased risk of cardiovascular,
respiratory, gastrointestinal disorders. There is decreased immune response and it also
poses ill impacts on the reproductive health. It affects the cell proliferation, oxidative
stress, apoptosis, DNA mutation by various mechanisms which leads to cancer. It also
affects the tumor proliferation and metastasis and causes resistance to chemo and radio
therapeutic agents. The use of nicotine needs regulation. The sale of nicotine should
be under supervision of trained medical personnel.
Key words: Addiction, cancer, cardiovascular, gastrointestinal, nicotine, respiratory

INTRODUCTION
Tobacco is the leading cause of preventable cancers.
WHO estimated around 1.27 billion tobacco users worldwide. Tobacco consumption alone accounts for nearly 5.4
million deaths per year and one billion people may die in
this century if global tobacco consumption remained at
the current levels.[1] An international treaty spearheaded
by WHO in 2003 and signed by 170 countries, aims to
encourage governments to reduce the production, sales,
distribution advertisement and promotion of tobacco
products. Despite strong opposition from the Industry,
the treaty has been making steady progress in achieving
its goal of comprehensive tobacco control around the
world.[2] As tobacco consumption is being curbed, there
is a growing demand for cessation. Pharmacological
treatment of nicotine addiction remains an active area of
research. There are many nicotine preparations (nicotine
gums, patches, e cigarettes and inhalational agents) that are
freely available in most parts of the world. These products
are being heavily promoted and marketed as magical
remedies. Nicotine gums are available in 2 mg and 4 mg
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preparation that deliver around 1 mg and 3 mg nicotine to
the blood stream respectively. E-cigarette, a sophisticated
nicotine delivery device, delivers nicotine in a vapor form
and it closely mimics the act of smoking. Currently, these
products constitute approximately 1% of total nicotine
consumption and are showing an increasing trend in most
countries.[3]
Nicotine is well known to have serious systemic side effects
in addition to being highly addictive. It adversely affects the
heart, reproductive system, lung, kidney etc. Many studies
have consistently demonstrated its carcinogenic potential.
[Table 1] The only other known use of nicotine has been
as an insecticide since 17th century.[4] After World War II,
its use has declined owing to the availability of cheaper,
more potent pesticides that are less harmful to mammals.
The environment Protection Agency of United States
has banned use of nicotine as a pesticide from 1st January
2014.[4] India, one of the largest producer and exporter
of nicotine sulphate, has progressively banned its use
as agricultural pesticide.[5] We undertook this review to
evaluate the systemic adverse effects of nicotine.
MATERIALS AND METHODS
A computer aided search of the Medline and PubMed
databases was done using different combination of the
keywords “nicotine,” “chemical composition,” “history,”
“metabolism,” “addiction,” “cancer,” “toxic,” “endocrine
system,” “cardiovascular system,” “respiratory system,”
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Table 1: Studies showing nicotine
as a carcinogen
Author
Jensen et al., 2012
Schuller et al., 1995
Nakada et al. 2012

Model
Animal
Animal
Human

Al-Wadei et al., 2009
Treviño et al., 2012
Crowley-Weber et al.,
2003
Chen et al., 2011
Wassenaar et al., 2013

Mice
Animal
Human

System
Gastrointestinal
Lung cancer
Tumor promoter
in lung cancer
Pancreatic cancer
Pancreatic cancer
Pancreatc cancer

Human
Human

Breast cancer
Lung

References
[50]
[45]
[46]
[56]
[58]
[57]
[59]
[44]

“lung carcinogenesis, “gastrointestinal system,” “immune
system,” “ocular,” “ cataract,” “central nervous system,”
“renal system,” “ reproductive system,” “menstrual cycle,”
“oocytes,” “foetus,”. Initial search buildup was done using
“Nicotine/adverse effects” [Mesh], which showed 3436
articles. Articles were analyzed and 90 relevant articles were
included in the review. All the animal and human studies
that investigated the role of nicotine on organ systems
were analyzed. Studies that evaluated tobacco use and
smoking were excluded. All possible physiological effects
were considered for this review. We did not exclude studies
that reported beneficial effects of nicotine. The objective
was to look at the effects of nicotine without confounding
effects of other toxins and carcinogens present in tobacco
or tobacco smoke.
CHEMICAL PROPERTIES AND METABOLISM
Nicotine was first extracted from tobacco by German
physicians Wilhelm Heinrich Posselt and Karl Ludwig
Reimann. Nicotine, a strong alkaloid, in its pure form is
a clear liquid with a characteristic odour. It turns brown
on exposure to air. It is water soluble and separates
preferentially from organic solvents. It is an amine
composed of pyridine and pyrrolidine rings.
Nicotine is a dibasic compound and the availability and
absorption in human body depends upon the pH of the
solution.[7] The absorption can occur through oral mucosa,
lungs, skin or gut.[6] The increase in pH of a solution causes
an increase in concentrations of uncharged lipophilic
nicotine, in this form it can actively pass through all
biological membranes.[7] The addition of slaked lime and
catechu to tobacco increases the absorption of nicotine
from the oral cavity.
Nicotine once ingested, is absorbed and metabolized
by the liver. The metabolic process can be categorized
into two phases. In phase I there is microsomal

oxidation of the nicotine via multiple pathways.[8] This
leads to formation of various metabolites like cotinine
and nornicotine, demethyl cotinine, trans-3-hydroxycotinine and d-(3-pyridyl)-g-methylaminobutyric acid.[9,10]
Thereafter in phase II there is N’-and O’-glucuronidation
of the metabolites and excretion via urine, feces, bile,
saliva, sweat etc.[11,12] 5-10% of elimination is by renal
excretion of unchanged nicotine, however there is
reabsorption from the bladder when the urinary pH is
high.[14] There is evidence that nitrosation of nicotine
in vivo could lead to formation of N-nitrosonornicotine
(NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1butanone (NNK). [13] which are known to be highly
carcinogenic. Inflammation in the oral cavity increases
risk of endogenous nitrosation.
MECHANISM OF ACTION
Nicotine acts via 3 major mechanisms, producing
physiological and pathological effects on a variety of organ
systems.[15,16]
1. Ganglionic transmission.
2. Nicotinic acetylcholine receptors (nAChRs) on
chromaffin cells via catecholamines.
3. Central nervous system (CNS) stimulation of nAChRs.
Brain imaging studies demonstrate that nicotine acutely
increases activity in the prefrontal cortex and visual
systems. There is release of a variety of neurotransmitters
important in drug-induced reward. Nicotine also causes an
increased oxidative stress and neuronal apoptosis, DNA
damage, reactive oxygen species and lipid peroxide increase.
nAChRs were originally thought to be limited to neuronal
cells, however, studies have identified functional nAChRs
in tissues outside the nervous system. Actions on nicotinic
receptors produce a wide variety of acute and long-term
effects on organ systems, cell multiplication and apoptosis,
throughout the body.
IMMEDIATE EFFECTS AND TOXICITY
Nicotine on direct application in humans causes irritation
and burning sensation in the mouth and throat, increased
salivation, nausea, abdominal pain, vomiting and diarrhea.[17]
Gastrointestinal effects are less severe but can occur even
after cutaneous and respiratory exposure.[18] Predominant
immediate effects as seen in animal studies and in humans
consist of increase in pulse rate and blood pressure.
Nicotine also causes an increase in plasma free fatty
acids, hyperglycemia, and an increase in the level of
catecholamines in the blood.[19,20] There is reduced coronary
blood flow but an increased skeletal muscle blood flow.[20,22]
The increased rate of respiration causes hypothermia, a
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hypercoagulable state, decreases skin temperature, and
increases the blood viscosity.
Nicotine is one of the most toxic of all poisons and has a
rapid onset of action. Apart from local actions, the target
organs are the peripheral and central nervous systems. In
severe poisoning, there are tremors, prostration, cyanosis,
dypnoea, convulsion, progression to collapse and coma.
Even death may occur from paralysis of respiratory muscles
and/or central respiratory failure with a LD50 in adults
of around 30-60 mg of nicotine. In children the LD50 is
around 10 mg.[23]
GREEN TOBACCO SICKNESS
This is an acute form of nicotine toxicity that is known
to occur due to handling of green tobacco leaves, with
symptoms lasting from 12 to 24 h. The acute symptoms
include headache, nausea, vomiting, giddiness, loss of
appetite, fatigue and tachyarrythmias.[24] No significant
mortality has been reported due to green tobacco sickness
(GTS) but it significantly affects the health of workers in
the tobacco industry.[25]
NICOTINE ADDICTION
Nicotine is one of the most addicting agent. The US
surgeon general (2010) has concluded nicotine to be as
addictive as cocaine or heroin. Nicotine interacts with
the nicotinic acetyl choline receptors and stimulates the
dopaminergic transmission.[26] This in turn stimulates the
reward centre and is responsible for the mood elevation
and apparent improvement in cognitive function.[27] With
chronic stimulation by nicotine the GABAergic neurons
are desensitized and thus lose their inhibitory effect on
dopamine.[28] This in turn reinforces the addiction by
inducing craving. This effect has been shown to affect
the CYP2A6 gene and leads to heritable dependence to
nicotine. Studies have shown the nicotine dependence to be
transmitted maternally and grand maternally by epigenetic
mechanism.[29]
EFFECTS ON METABOLISM
Nicotine causes catecholamine release and stimulates the
autonomic system. There is increased glycogen synthesis
due to α-adrenoceptor stimulation. This leads to reduction
in the fasting blood glucose levels. It also causes lipolysis
thus decreasing body weight. Nicotine affects insulin
resistance and predisposes to metabolic syndrome. In an
animal study prenatal exposure was toxic to pancreatic
β-cell and leads to decreased B cell population, thus
increasing the risk of diabetes.[30,31]
26

NICOTINE AND CANCER
The stimulation of nAChRs by nicotine has biologic
effects on cells important for initiation and progression of
cancer.[26] It activates signal transduction pathways directly
through receptor-mediated events, allowing the survival of
damaged epithelial cells. In addition, nicotine is a precursor
of tobacco specific nitrosamines (TSNAs), through
nitrosation in the oral cavity.[32,33] It is shown that nitrosation
of nicotine could lead to formation of NNN and NNK.
This effect of nicotine may be important because of its
high concentration in tobacco and nicotine replacement
products.[13] NNN and NNK are strongly carcinogenic.[34]
Nicotine forms arachidonic acid metabolites which cause
increased cell division. Binding to Bcl-2 and action on
vascular endothelial growth factor and cyclooxygenase-2
(COX-2) causes increased cancer proliferation and
survival.[35,36] Promotion of tumor angiogenesis accelerates
tumor growth which is mediated by β-adrenergic activation
and stimulation of nAChRs.[35,37-39] Nicotine also suppresses
apoptosis by phosphorylation mediated extracellular
signal regulated kinases of Bcl-2.[40,41] Recent studies show
that nicotine, activates nuclear factor kappa B (NF-kB)dependent survival of cancer cell and proliferation.[42]
In normal cells, nicotine can stimulate properties consistent
with cell transformation and the early stages of cancer
formation, such as increased cell proliferation, decreased
cellular dependence on the extracellular matrix for survival,
and decreased contact inhibition. Thus, the induced
activation of nAChRs in lung and other tissues by nicotine
can promote carcinogenesis by causing DNA mutations[26]
Through its tumor promoter effects, it acts synergistically
with other carcinogens from automobile exhausts or wood
burning and potentially shorten the induction period of
cancers[43] [Table 2].
LUNG CARCINOGENESIS
A study relates lung carcinogenesis by nicotine due to
genetic variation in CYP2B6.[44] Its simultaneous exposure
with hyperoxia has been found to induce cancer in
hamsters.[45] Cotinine has been found to promote lung
tumorigenesis by inhibiting anti-apoptotic pathway.[46]
Nuclear translocation of ARB1 gene by nicotine has
found in proliferation and progression of nonsmall-cell
lung cancer. Several Studies have shown that nicotine
has significant role in tumor progression and metastasis
via CXCR4 and increased angiogenesis.[36,47] Carriers of
the lung-cancer-susceptibility loci in their DNA extract
more nicotine. Smokers carrying the gene CHRNA3 and
CHRNA5 were found to extract more nicotine and cells
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Table 2: Studies showing the role of nicotine
as tumor promoter
Author
Chu et al., 2013
Improgo et al., 2013
Heusch and Maneckjee, 1998
Mai et al., 2003
Shin et al., 2005
Heeschen et al., 2001
Zhu et al., 2003
Heusch and Maneckjee, 1998
Le Marchand et al., 2008
Perez-Sayans et al., 2010
Zhang et al., 2010
Petros et al., 2012
Trevino et al., 2012

System
Gastrointestinal
tumor growth
Lung
Lung
Lung
Gastric
Tumor growth and
angiogenesis
Tumor angiogenesis
and growth
Lung
Lung
GIT
GIT
Chemoresistance
Tumor growth and
chemoresistance

References
[71]
[47]
[40]
[41]
[36]
[35]
[39]
[40]
[48]
[51]
[49]
[53]
[90]

GIT – Gastrointestinal tract

were thus exposed to a higher internal dose of carcinogenic
nicotine-derived nitrosamines.[48] Additionally modulation
of the mitochondrial signaling pathway leads to resistance
to the chemotherapeutic agents.[49]
GASTRO INTESTINAL CARCINOGENESIS
The carcinogenic role may be mediated by the MAPK/
COX-2 pathways, α-7 nAchR and β-adrenergic receptor
expression, and mi RNAs α-BTX anatagonist. [50]
Nicotine forms adducts with liver DNA which enhances
its mutagenic potential.[49,51,52] activation of cell-surface
receptors by nicotine stimulates downstream kinases that
can mediate resistance to chemotherapy. It has been shown
by the finding that smokers who continue to smoke during
chemotherapy have a worse prognosis. Moreover they
also have increased toxicity and lower efficacy of chemo
therapeutic drugs.[53] Nicotine affects the periostin gene,
α-7-nAChR and e-cadherin suppression which explains
the mechanism of gastric cancer growth, invasion and
metastasis.[54,55] Nicotine negatively impacts tumor biology
by promoting angiogenesis, tumor invasion and increased
risk of metastasis.[53]
PANCREATIC CANCER
Nicotine has been found to induce pancreatic
adenocarcinoma in mice model, by stimulating the stress
neurotransmitters.[56,57] In another study nicotine promoted
the growth of nonsmall cell lung cancer and pancreatic
cancer in a receptor dependent fashion. It also increased
tumor metastasis, and resistance to gemcitabine induced

apoptosis, causing chemoresistance. [58] The MUC-4
upregulation, NF-kB and GRP78 activation and Id1
expression by Src dependent manner are the probable
mechanism leading to tumor growth, metastasis and
chemotherapeutic drug resistance.[57,58]
BREAST CANCER
Nicotine causes α9-nAChR-mediated cyclin D3
overexpression which might cause transformation of
normal breast epithelial cells and induce cancer. Nicotine
and cotinine has been found to be present in the breast
fluid of lactating women.[59] Several studies have found
that α9-nAChR mediated mechanism leads to increased
tumor growth, metastasis and tumor cells resistant to
chemotherapeutic drugs in breast cancer.[59,60]
CARDIOVASCULAR SYSTEM
The acute hemodynamic effects of cigarette smoking
or smokeless tobacco are mediated primarily by
the sympathomimetic action. The intensity of its
hemodynamic effect is greater with rapid nicotine
delivery.[61] Nicotine causes catecholamine release both
locally and systemically leading to an increase in heart
rate, blood pressure and cardiac contractility. It reduces
blood flow in cutaneous and coronary vessels; and
increases blood flow in the skeletal muscles. Due to
restricted myocardial oxygen delivery there is reduced
cardiac work. In a study, chewing a low dose (4 mg)
of nicotine gum by healthy nonsmokers blunted the
increase in coronary blood flow that occurs with
increased heart rate produced by cardiac pacing. [21]
Thus, persistent stimulation by nicotine can contribute
to Coronary Vascular Disease by producing acute
myocardial ischemia. In the presence of coronary
disease, myocardial dysfunction can be worsened. In a
placebo-controlled experiment that produced transient
ischemia in anesthetized dogs myocardial dysfunction
was produced at doses, that did not alter heart rate,
blood pressure, or blood flow or myocyte necrosis.[62]
Nicotine alters the structural and functional characteristics of
vascular smooth muscle and endothelial cells.[63] It enhances
release of the basic fibroblast growth factor and inhibits
production of transforming growth factor-β1.[64] These
effects lead to increased DNA synthesis, mitogenic activity,
endothelial proliferation and increases atherosclerotic
plaque formation. [65] Neovascularization stimulated
by nicotine can help progression of atherosclerotic
plaques.[66] These effects lead to myointimal thickening and
atherogenic and ischemic changes, increasing the incidence
of hypertension and cardiovascular disorders. A study on
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dogs demonstrated the deleterious effects of nicotine on
the heart.[67]
Nicotinic acetylcholine receptor’s actions on vascular
smooth muscle proliferation and plaque neovascularization
increases the risk of peripheral arterial disorders. In a
murine model of hind limb ischemia, short-term exposure
to nicotine paradoxically increased capillary density and
improved regional blood flow in the ischemic hind limb.
[35]
However, long-term exposure to nicotine for 16 weeks
(about one-third of the life span of a mouse) before
induction of ischemia obliterated angiogenic response to
nicotine.[68]
RESPIRATORY SYSTEM
The effects of nicotine on respiratory system are twofold.
One, directly by a local exposure of lungs to nicotine
through smoking or inhaled nicotine, and second via
a central nervous system mechanism. Nicotine plays a
role in the development of emphysema in smokers, by
decreasing elastin in the lung parenchyma and increasing
the alveolar volume. Nicotine stimulates vagal reflex
and parasympathetic ganglia and causes an increased
airway resistance by causing bronchoconstriction. [69]
Nicotine alters respiration through its effects on the
CNS. The simultaneous effect of bronchoconstriction
and apnea increases the tracheal tension and causes
several respiratory disorders. In a study microinjection
of nicotine were administered to the prebotzinger
complex and adjacent nuclei in the brain. The firing
pattern of the brain signals and breathing pattern were
monitored. There was an increased frequency of bursts
and decreased amplitude and a shallow and rapid rhythm
of respiration.[70]
GASTROINTESTINAL SYSTEM
Nicotine use has been associated with Gastro Esophageal
Reflux Disorder (GERD) and peptic ulcer disease (PUD).
[36,71]
This effect is mediated by increased gastric acid,
pepsinogen secretion and stimulatory effects on vasopressin.
The action on the cyclo-oxygenase pathway also increases
the risk of GERD and PUD.[72] Nicotine causes smooth
muscle relaxation by action of endogenous nitric oxide
as a nonadrenergic noncholinergic neurotransmitter.[73]
The decrease in tone of the colon and gastric motility and
reduced lower esophageal sphincteric pressure might be
the reason of increased incidence of GERD.[74]
There is an increased incidence of treatment resistant
Helicobacter pylori infection in smokers. It potentiates the
effects of toxins of H. pylori by its action on the gastric
28

parietal cells.[75] This effect could be due to histamine
mediated response of nicotine.
IMMUNOLOGICAL SYSTEM
Nicotine has been known to be immunosuppressive through
central and peripheral mechanisms. It impairs antigen and
receptor mediated signal transduction in the lymphoid
system leading to decreased immunological response. The
T-cell population is reduced due to arrest of cell cycle.
Even the macrophage response, which forms the first
line defense against tuberculosis becomes dysfunctional
and causes increased incidence of tuberculosis.[76] The
migration of fibroblasts and inflammatory cells to the
inflamed site is reduced. There is decreased epithelialization
and cell adhesion and thus there is a delayed wound healing
as well as increased risk of infection in nicotine exposed
individuals.
The action on the hypothalamo-pituitary adrenal axis and
autonomic nervous system stimulation via sympathetic and
parasympathetic pathways affects the immune system. The
adrenocorticotropic hormone (ACTH) secretion pathway
and corticotrophin release is affected and this causes
immunosuppression.[77]
OCULAR SYSTEM
Nicotine promotes pathologic angiogenesis and retinal
neovascularization in murine models. It causes age-related
macular degeneration in mice.[78] In a clinical study, the
most virulent form of age-related maculopathy was
associated with retinal neovascularization that contributed
to visual deterioration. Tobacco smokers are known to be
at greater risk of age-related macular degeneration than
are nonsmokers.[79] In animal model, spraguely Dawley
rats with type 1 diabetes treated with nicotine, developed
cataract.[80] Thus the syngergistic relationship between
nicotine and glucose metabolism exaggerating diabetes
might cause accelerated cataract formation. There is
synergistic relationship between nicotine and glucose
metabolism which increases the risk of diabetes mellitus.
This might cause accelerated cataract formation.
RENAL SYSTEM
Risk of chronic kidney disease in smokers is high. Cigarette
smoking has been found to increase albumin excretion in
urine, decrease glomerular filtration rate, causes increased
incidence of renal artery stenosis and is associated with an
increased mortality in patients with end-stage renal disease.
The pathogenesis of renal effects is due to the action
of nicotine via COX-2 isoform induction. The COX-2
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isoforms causes increased glomerular inflammation, acute
glomerulonephritis and ureteral obstruction.[81] There is
impaired response of kidneys to the increased systemic
blood pressure in smokers. This loss of renoprotective
mechanism in smokers also leads to pathogenetic effects
of nicotine on the renal system.[82]
REPRODUCTIVE SYSTEM — MALES
Nitrous oxide liberated from parasympathetico-nergic
nerves plays a pivotal role in generating immediate penile
vasodilatation and corpus cavernosum relaxation, and NO
derived from endothelial cells contributes to maintaining
penile erection. Nicotine causes impairment of NO
synthesis. This may lead to loss of penile erections and
erectile dysfunction.[83]
Various animal studies suggest that nicotine causes
seminiferous tubules degeneration, disr upts the
spermatogenesis and at cellular level, affect germ cell
structure and function in males.[84] It decreases testosterone
levels which is secondary to decreased production of
StAR.[85] StAR is the protein which plays an important role
in testosterone biosynthesis.
REPRODUCTIVE SYSTEM — FEMALE
Menstrual cycle

Nicotine by inhibiting the 21 hydoxylase causes
hypoestrogenic state. It shunts the metabolites to
formation of androgen. This leads to chronic anovulation
and irregular menstrual cycles. Nicotine can predispose
the endometrium to inappropriate cytokine production
and irregular bleeding.[86] There is consistent evidence
that increase in follicle-stimulating hormone levels
and decreases in estrogen and progesterone that are
associated with cigarette smoking in women, is atleast in
part due to effects of nicotine on the endocrine system.[26]
Effect on oocytes

Nicotine affects the ovaries and alters the production of
oocytes in various animal studies. Nicotine-treated oocytes
appeared nonspherical with rough surface and torn and
irregular zona-pellucida. Nicotine also caused disturbed
oocyte maturation. There is a decreased blood flow to the
oviducts and thus impaired fertilization.[87]
Peri-natal effects

Maternal smoking has always been known to have
deleterious effects on the fetal outcome. There is an
increased incidence of intrauterine growth restriction,
still birth, miscarriages and mental retardation.[88] Various
animal studies show retarded fetal growth and lower birth

weight when treated perinatally with nicotine. The lower
levels of ACTH and cortisol due to nicotine are probable
reasons for the incidence of lower birth weight in the
newborns.[89]
Maternal as well as grand maternal smoking has been found
to increase risk of pediatric asthma. Another serious and
important effect is the transgenic transmission of the
addictive pattern.[29]
CONCLUSION
Nicotine is the fundamental cause of addiction among
tobacco users. Nicotine adversely affects many organs as
shown in human and animal studies. Its biological effects
are widespread and extend to all systems of the body
including cardiovascular, respiratory, renal and reproductive
systems. Nicotine has also been found to be carcinogenic
in several studies. It promotes tumorigenesis by affecting
cell proliferation, angiogenesis and apoptotic pathways. It
causes resistance to the chemotherapeutic agents. Nicotine
replacement therapy (NRT) is an effective adjunct in
management of withdrawal symptoms and improves the
success of cessation programs. Any substantive beneficial
effect of nicotine on human body is yet to be proven.
Nicotine should be used only under supervision of trained
cessation personnel therefore its sale needs to be strictly
regulated. Needless to say, that research for safer alternative
to nicotine must be taken on priority.
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Comment
On the Safety of E-cigarettes: “I can resist anything except
temptation”1
Robert D. Combes and Michael Balls
Strategic policy decisions are being made about e-cigarettes, based on the plausibility of their greater safety,
rather than on essential scientific evidence which would permit a proper risk assessment. If e-cigarettes are
really ‘safer’, then their use should be recommended, but only after an intelligent analysis of their risk to
human health, based on integrated in silico, in vitro and clinical studies for both scientific and logistical reasons

Concern Raised by Public Health
England’s Proposal for ECs to be
Available on the NHS
In a Comment article published in the September
2015 issue of ATLA,2 we expressed our concern
that, although we welcomed the prospect of new
tobacco-related products aimed at reducing
harmful exposures, it appeared that new regulations would require that their relatively greater
‘safety’ would have to be established via complex
testing regimes which would be heavily reliant on
traditional animal procedures of doubtful relevance and reliance. We argued that, instead, the
focus should be on the intelligent and integrated
use of non-animal in silico, in vitro and clinical
studies.
Just before our article went to press for publication, Public Health England (PHE; a UK executive
agency, sponsored by the Department of Health)
proposed that electronic cigarettes (ECs), a nontobacco alternative to smoking, should be made
available via the NHS (National Health Service),3 as
a means of reducing the general incidence of disease
and harm attributable to conventional smoking.
We found that there was an increasingly heated
debate about the safety of ECs, between those that
want their use encouraged and endorsed with little
delay, and others who urge caution. The PHE
proposal is a classic example of the temptation of
short-term gain irrespective of the possibility of
long-term pain.4 It is dangerous, because the relatively greater safety of ECs has not been scientifically established — and regrettable, because it is
likely that other authorities, notably those on the
other side of the Atlantic, are likely to insist on the
introduction of complex testing regimes which will
require animal testing, as is the case for new
smoking materials.2

Background
PHE’s proposal is a matter of concern, mainly
because of the lack of safety data and the resulting
inability to perform any sort of risk assessment of
the type normally undertaken for consumer products, as well as doubts concerning the relevance of
the data on the impact of ECs on smoking habits.
In addition, our review was not specifically on ECs,
as a consequence of which there is other, relevant
published information on usage and safety, which
needs to be considered. We now take this opportunity to elaborate on our initial response, and on our
reasons for urging caution, in the light of recent
developments regarding ECs, both at home and in
the USA.
This issue needs to be resolved urgently, since
the popularity of ECs is rapidly gaining ground,
especially with young people, at the expense of
tobacco smoking, largely on the assumption that
ECs either lack many of the toxic constituents,
contaminants and by-products to which conventional smokers are exposed, or that these
substances are encountered at sufficiently low
concentrations so as to cause no health problems.
Moreover, an update on the situation with ECs is
timely since: a) the FDA is about to be charged
with responsibility for regulating ECs in the USA
(http://www.fda.gov/TobaccoProducts/ Labeling/
ucm388395.htm); b) as we write, the Third Summit on Electronic Cigarettes has just taken place in
London (http://www.e-cigarette-summit.com/); and
c) the UK (via the Department of Health and the
Medicines and Healthcare Products Regulatory
Agency [MHRA]) has a deadline of May 2016 to
complete the process of transposing into its
national legislation, the EU revised Tobacco
Products Directive (http://ec.europa.eu/health/
tobacco/ docs/ dir_201440_en.pdf), which came into
force in May 2014.
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The situation regarding ECs is also highly relevant to the Three Rs, since we have the prospect
of significant levels of safety testing, some of
which could involve traditional animal tests,
highly invasive procedures and the use of nonhuman primates, to satisfy new regulatory
requirements in Europe and the USA.2 Although,
after careful consideration, we believe that more
information is required before ECs become incorporated into strategies for tackling the burden of
disease and ill-health due to tobacco smoking, we
feel that most, if not all, of the required data
could be obtained in a more-timely way by implementing a strategy focused on the coordinated
use of chemical, in vitro and clinical methods.
Moreover, because the information will have
largely been obtained by using organotypic tissue
culture systems comprised of cells from the
target tissues and species, it will be of direct relevance to assessing risk levels arising from the
use of ECs.

The Controversy
Understandably, PHE’s suggestion has provoked
considerable discussion and controversy, while
being generally welcomed by those who see ECs as
a quick solution to the smoking and health
problem. To illustrate the type of approach being
taken by some stakeholders to address the EC
issue, we quote the opening sentence of what looks
like an internal report on the burdens of regulating
ECs, but dated September 2013,5 which states
that: E-cigarettes are very low risk alternatives to
cigarettes, used by smokers as a pleasurable way of
taking the relatively harmless recreational drug,
nicotine. However, we were unable to find any
evidence, or citations to original articles
presenting toxicity data, in support of such a
potentially far-reaching statement by the authors
in their 26-page document, which, essentially,
urges the UK Government to resist being overburdened with EU regulations for ECs — requirements which, in the authors’ opinion, are
unnecessary, because they could delay the take-up
of ECs by the public. The authors qualify the risk
level, by claiming it is ‘very low’, again without any
reference to quantitative hazard data — most
extraordinary!
In direct contradiction, and two years following
publication of that statement, our in-depth
appraisal2 of the use, safety assessment and regulatory control of tobacco-related products in
general, including ECs, leads us to believe that,
whatever the long-term consequences of any such
policy, or however worthy the ultimate objective of
PHE may be, it is, in the light of current knowledge, a reckless and irresponsible suggestion.

Comment

Poor Reporting
PHE’s justification for its proposal relies heavily
on two reports which it commissioned, and which
were not peer-reviewed.6,7 It ignores the possibilities that users might be repeatedly exposed to
hitherto undetected contaminants and by-products, as well as to carcinogenic chemicals, or their
precursors (which have been detected in solvent
extracts and vapours, and which are derived from
tobacco during solvent extraction or generated
during solvent heating), that can have effects at
very low dose levels, following repeat exposures,
which can occur without clear threshold doses,
thus necessitating zero-dose extrapolation.8 Also,
the PHE report contains information on the likely
adoption and use of e-cigarettes by existing and
potential smokers that could be of questionable
relevance to the UK. This is because this information is derived from experience in other countries,
with differing attitudes to smoking, or it applies to
other tobacco-related products that are used
mainly elsewhere, or it is conflicting, or merely
circumstantial.
On comparing our Comment2 with the PHE document, as well as looking at data that were
published before the document was released, we
have found that some key references are missing
from it, or have been selectively covered, with the
omission of some important information. For
example, we have previously discussed evidence of
the presence in vapours of some tobacco-specific
nitrosamines (TSNAs), but the PHE report, which
included the same reference,9 omitted any mention
of the analytical data for such chemicals. There are
several other reports of the detection of TSNAs in
ECs,10,11 but there is no discussion in the PHE
report of the potential role of such contaminants,
some of which are highly-potent genotoxins12 in
the aetiology of lung cancer. In fact, cancer is not
specifically mentioned anywhere in relation to
safety, and there is no record of published reports
of exposure to additional substances, such as
nanoparticles (NPs) derived from metals13 (also
see Combes and Balls2). NPs, together with certain
other chemicals, have been linked to respiratory
sensitisation and mechanistically-related diseases,
such as chronic obstructive pulmonary disease.
Sensitisation is another endpoint for which clear
thresholds for induction doses are difficult to identify.14 This might be because they do not exist, as
with genotoxins, or because of technical deficiencies, but either way, this complicates risk
assessment.
The omission by PHE of several key papers and
information from a report that was intended to be
used to determine public health policy on the basis
of the evidence available, is completely inexcusable. This is especially the case, as the above facts
combined suggest that there is a tangible, and, at
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present, unquantifiable, risk that repeated and
prolonged exposure to even low doses of such
chemicals, as would be expected to occur as a
result of using ECs, could be sufficient to trigger
cellular changes eventually culminating in serious
conditions, sometimes not manifested until some
considerable time following the onset of exposure.
With regard to the possibility of the presence of
undetected chemicals, some of which could be
toxic, it is worth noting that very few of the analytical methods in use have been validated for the
purpose in question, which could, in part, explain
the relatively high levels of variation seen between
EC brands, and which also could account for the
variation experienced within experiments.
The PHE report also fails to mention one of the
main findings of the earlier investigations into the
safety of ECs, namely, that different brands can
vary substantially in the levels of contaminants,
by-products and active components (e.g. nicotine),
such that there is an urgent need for more harmonisation of the different products available.3
A reminder of how difficult it can be to predict
the adverse effects of complex mixtures, such as
EC aerosols and liquids, is provided by a recent
study15 on the potential modulating influence of
nicotyrine, a product present in tobacco which also
arises in EC fluids as a result of slow oxidation of
nicotine. This chemical is an inhibitor of
cytochrome (CYP) isozymes (CYP P450 mixed
function oxidases), which clear nicotine from the
body and are active in both hepatic and extrahepatic systems. The authors noted that the metabolism of all of the substrates of the respective
isozymes will be affected by nicotyrine. It so
happens that one of these substrates is the TSNA,
nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)1-butanone (NNK),12 one of the most potent of the
known lung carcinogens in tobacco smoke. This
substance is activated in airway cells, both in vitro
and in vivo, by CYP2A13,12 suggesting a potential
anti-carcinogenic effect of nicotyrine, at least for
this particular mechanistic pathway.
Neither our Comment,2 nor the PHE report,
referred to a review, published in April 2014, on
the toxicity of ECs.16 The authors of this review
concluded that: The available evidence suggests
that these products are by far a less harmful alternative to smoking and significant health benefits
are expected in smokers who switch from tobacco to
electronic cigarettes. However, while this seems to
be good news, the authors admitted that only very
few toxicological studies were available to them.
Also missing from the PHE report is reference to
an unpublished, but comprehensive 19-page
document, available on the Internet,17 which
summarises various aspects of ECs, including
safety issues.
The PHE report went considerably further than
merely saying that ECs are safer than conven-
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tional smoking, by providing a quantitative estimate of the extent of this alleged greater safety. It
claimed that ECs are up to 95% safer than conventional smoking, and that: Best estimates show ecigarettes are 95% less harmful to your health than
normal cigarettes, and when supported by a
smoking cessation service, help most smokers to
quit tobacco altogether. Later on, the report states
that: Acknowledging that the evidence base on
overall and relative risks of EC in comparison with
smoking was still developing, experts recently identified them as having around 4% of the relative
harm of cigarettes overall (including social harm)
and 5% of the harm to users.

Misuse of Information
While these two statements are not referenced, it
emerges later in the report that they are based on
the outcome of a multi-criteria decision analysis
(MCDA) study, in which a small group of experts
considered the harms to human health and wellbeing posed by using a wide range of tobacco products.18 Each product was ranked on a scale which
put cigarette smoking top at almost 100% for
several properties, including addiction and cancer.
The authors stated that: Within the tobacco products there was a gradual reduction in harm from
water pipe, smokeless unrefined, smokeless refined
to snus that has 5% of MRH. Among the purer nontobacco vehicle products ENDS were rated to have
only 4% of MRH and for the even purer NRTs the
MRH was only rated at about 2%. [where ENDS =
electronic nicotine delivery systems; MRH =
maximum relative harm; and NRTs = pharmacological replacement products.]
PHE then used the outcome of this study, as if it
were equivalent to experimental data, to derive the
95% figure. Apart from being baffled by how any
quantitative risk assessment can be made with the
paucity of available hazard data, we are uncertain
as to how to interpret the intended meaning of
such a statement, other than by concluding that
PHE believes that ECs are almost twice as safe as
tobacco smoking. The quantification of risk in toxicology, although not a precise process by any
means, implies some greater confidence in a particular prediction than is conveyed by a mere qualitative statement, and it has to be derived from
detailed quantitative hazard data. However, in
this case, the information was merely generated by
an ad hoc group of experts, and was based on opinions, rather than being grounded in scientific
observation.
Moreover, there are many difficulties with the
MCDA approach in general, and in particular,
with the above application of it.2,19 This implies
that the validity of its outcome is very questionable, being dependent on the amount and rele-
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vance of pre-existing information, subject to much
value judgement, and difficult to reproduce with a
different set of experts, and with the same illdefined criteria used to assess relative harm. We
also noted one inescapable problem, which relates
to the large bias in the overwhelming amount of
available data on cigarette smoking compared to
that on ECs. It is difficult to see how such an
imbalance could be compensated for in practice,
but it greatly complicates any comparison of the
two types of products. The results from an MCDA
study should be used only for what they are, that
is, predictions, rather than as novel experimental
data, which they certainly are not. MCDA is part of
the analysis of evidence, rather than being an
additional source of evidence per se.
Another UK study, investigating the perception
of relative harm from the use of ECs,20 involved
recording the views of cohorts of smokers and exsmokers given ECs, and involved standard statistical methods to estimate changes in perception
over a three-year period. It was found that the
proportion perceiving ECs to be less harmful than
cigarettes decreased significantly over the period
2013 to 2014. Unsurprisingly, a major preliminary
conclusion of the study was that: Clear information
on the relative harm of cigarettes and e-cigarettes is
needed. Another human study, a randomised
controlled trial,21 found that ECs, with or without
nicotine, were only moderately good at assisting
smokers to quit. The authors noted that:
Uncertainty exists about the place of e-cigarettes in
tobacco control, and more research is urgently
needed to clearly establish their overall benefits
and harms.
Like McKee and Capewell,22 we doubt that the
95% figure can be given any scientific credibility,
mainly due to the way in which it was derived. We
go further, in saying that the statement is
misguided and misleading. It is tempting to even
suspect that the latter was used intentionally, as
intimated by Kirby,23 who summed up the situation well, if somewhat rather benevolently, thus:
While the PHE report contains many caveats, albeit
subtle and largely missing from the media
coverage, it has uniformly adopted the most
favourable interpretation of the very limited
evidence, rejecting the precautionary principle.
In response to criticism of the 95% figure,24
Professor John Britton (chair of the Royal College
of Physicians Tobacco Advisory Group and co-chair
of the PHE Tobacco Control Implementation
Board, and also a co-author of one of the reports on
ECs that was commissioned by PHE), suggested
that, rather than dwell on an exact percentage
figure, the real point is that ECs are substantially
safer than tobacco smoking.25 This begs the
following question: If the 95% figure is not meant
to be interpreted literally, why include it in the
report, unless the aim was to have a headline for
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gaining publicity, with a view to persuading us all
to accept the proposal without further questioning?
However, in truth, as we have argued above, there
is no evidence for the 95% estimate. Moreover,
doubts have been expressed about the integrity
and objectiveness of the MCDA study, due to the
alleged conflicts of interest of some of its authors.26
Unfortunately, little further information is available, and this fact, together with the other general
drawbacks of implementing MCDA, discussed
earlier, suggest that extreme caution should be
exercised when considering the outcome. A similar
issue with conflict of interest was encountered by
Pisinger and Døssing,27 when they found the
problem to have arisen in some 34% of the 76
studies relating to EC safety that they reviewed.
These authors could draw no firm conclusions from
the information, due to high levels of data inconsistency, but they did state that: Electronic cigarettes can hardly be considered harmless. This
study, incidentally, is yet another key publication
missing from the PHE document.

What is Needed is a Role for
Alternative Methods
Predictably, few, if any, of the small number of
toxicity studies that have been published to date
consist of medium-term to long-term investigations. The issue of chronic toxicity due to vaping
has been noted by others, including, for example,
Rowell and Tarran,28 who recently discussed the
lack of data relating to the ability of chronic exposures to ECs to induce serious lung disease. The
need to take into account long-term consequences
of EC use also applies to efficacy as well as safety,
as Unger notes in a recent editorial: Longitudinal
studies are not yet available to assess the long term
effects of e-cigarettes on health or their usefulness
as a cessation tool.29 Some four years ago, Etter et
al.30 stated that ECs had not been adequately
tested for safety or efficacy, and the situation has
not altered very much since then. Until further
studies of high quality and integrity are conducted,
the marketing of ECs poses unknown health and
safety concerns, particularly because the products
available are extremely diverse, many of them on
the market are not regulated, and no oversight of
quality control is in operation.
While we understand that there is an urgent
need to have more safety information, we believe
that there is a better way of obtaining it than
having several individuals sitting at a table trying
to predict the harms of these products, when they
have very little reliable information on which to
base their decisions. Instead, we suggest the
strategy which we have outlined previously,2
involving an intelligent, integrated testing scheme,
comprised mainly of chemical analysis, in vitro
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methodologies and human/clinical studies. Such
an approach would also expedite testing, particularly since traditional in vivo methods are often
lengthy and their relevance and reliability are
highly questionable.
The numbers of publications on in vitro studies
with EC vapours are increasing (http://www.ash
scotland.org.uk/what-we-do/supply-informationabout-tobacco-and-health/tobacco-relatedresearch/research-2015/e-cigarettes-2015/). In general, the data are promising, in that, for example,
one paper31 shows that several vapours exhibit
substantially less activity in cytotoxicity testing
and in a range of genotoxicity assays, compared
with that exhibited by cigarette smoke. Other,
more-recent studies, one involving the MatTek™
epithelial airway model, confirm the substantially
lower cytotoxicity of vapours, and also demonstrate that this applies to airway cells in culture32
(http://vaperanks.com/big-tobacco-study-claims-ecigarette-vapor-is-as-harmless-to-human-airwaytissue-as-plain-air/).
However, while all this is encouraging, a glance
at the Vape Ranks website (presenting news on
ECs, rankings and reviews [www.http://vaperanks.
com/]) shows that there is no shortage of other
reports which raise legitimate safety concerns
relating to ECs, that warrant further investigation. Among such reports are an increasing
number of cases where ECs are being used to
‘smoke’ marijuana, a potentially worrying development (see, for example, Murphy33). Some of the
investigations conducted in vitro also suggest that
acute toxic effects could be caused by vaping. For
example, a study in which cultures of human
gingival fibroblasts were exposed to nicotinecontaining or nicotine-free EC fluids, increased the
production of reactive oxygen species (ROS) after
24 hours, along with an elevated expression of the
Bax gene (an early indicator of apoptosis), followed
by apoptosis itself, after 48 hours of exposure.34
The authors concluded that such exposures could
lead to periodontitis, but, in addition, the induction
of such cellular changes could presage other, moreserious long-term toxicity.
An important part of the integrated testing
strategy that we have proposed, involves human
clinical studies, which have been undertaken for
both efficacy and safety testing (the latter uniquely
possible with tobacco and tobacco-related products,
at an early stage), rather than following extensive
preclinical testing, as with pharmaceuticals (see
Combes and Balls2). Encouraging results were
obtained in some of the first human studies
(reviewed in Caponnetto et al.35), with high levels of
tolerance and acceptance of the new products by
existing smokers and non-smokers, as well as low
incidences of side-effects or of overt signs of toxicity.
However, some subsequent studies have
revealed several potential effects which cause
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concern. One example is an investigation36 with
smokers and non-smokers that involved monitoring changes in plasma nicotine and carbon
monoxide (CO) concentration, and heart rate. One
brand of ECs increased each of these parameters
within the first five minutes of administration, an
example of an acute adverse effect caused by
vaping. Other evidence that ECs can exert acute
effects on users, following brief exposures, was
clearly demonstrated in a clinical study,37 in
which: a) non-smokers, using an EC for ten
minutes, experienced elevated airway resistance;
b) current regular smokers exhibited a significant
rise in airway resistance after using an EC for ten
minutes; and c) neither COPD nor asthma patients
were affected (www.medicalnewstoday.com/articles/ 249784.php). In a blog, Phillips has questioned the relevance of these results.38 However,
although chemicals causing this effect may not
elicit an immune response, the changes seen serve
as biomarkers of lung exposure and of changes
therein that could result in serious health
consequences.
Another investigation, still ongoing, involves
cohorts of smokers and non-smokers. At the 12month stage, the results suggest that vaping has
little effect on helping smokers to quit.39 However,
the trial is not scheduled to be completed until
2019. It is monitoring self-reported side-effects,
and, hopefully, will include an assessment of
biomarkers of disease and toxicity.
Nowhere are conflicting views regarding the
safety of ECs more sharply delineated than by the
different approaches to their use and regulation
that are emerging in markets on either side of the
Atlantic (reviewed in Combes and Balls2). On the
one hand, in the UK, some Government agencies
appear too ready to approve and promote the use of
such products, without going through the necessary standard checks and balances, while, on the
other hand, in the USA, the FDA is about to take
over the regulation of ECs by subjecting them to a
rigorous and formal assessment.
It was on 25 April 2014 that the FDA published
a proposed rule, Deeming Tobacco Products to be
Subject to the Federal Food, Drug, and Cosmetic
Act. The period between then and now has been
taken up by: a) a 75-day public comment period,
which ended on 9 July 2014; b) an extension of the
public comment period by 30 days, taking us to 8
August 2014; c) an unknown time delay for consideration and decision by the Agency of additional
requests to extend the comment period a second
time (which was not granted); and d) the analysis
of comments (undisclosed time). Despite these
delays, the question concerning the FDA’s regulation of ECs is ‘when’, rather than ‘if’. The latest
information we can find is an entry in The Hill (the
website presenting news of US Congress activities)
in May 2015, where it is reported that Senator
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Richard Blumenthal (D-Conn.) is giving the FDA
until the end of the summer 2015 to finalise its
deeming regulations for all tobacco products,
including ECs and cigars (http://thehill.com/regulation/242125-fda-has-summer-to-finalize-tobaccodeeming-regs-sen-dem-says).
Once the FDA assumes responsibility for ECs for
recreational use (it already regulates such products intended for therapeutic purposes), its
approach to ECs would appear to be clear from its
website (http://www.fda.gov/NewsEvents/Public
HealthFocus/ucm172906.htm). This states that: Ecigarettes have not been fully studied, so consumers
currently don’t know: the potential risks of e-cigarettes when used as intended; how much nicotine or
other potentially harmful chemicals are being
inhaled during use, or whether there are any benefits associated with using these products.
Additionally, it is not known whether e-cigarettes
may lead young people to try other tobacco products, including conventional cigarettes, which are
known to cause disease and lead to premature
death.
This viewpoint is essentially one that we share,
and, although we are not in favour of testing just
for the sake of it, we fervently believe that it is very
simplistic and premature, at this time, to base
important public health decisions of the sort
currently being proposed by PHE, on inadequate
evidence of safety and/or potentially irrelevant and
unreliable extrapolation. On the other hand, while
we concur with FDA’s overall assessment of the
situation regarding ECs, we take issue with the
way in which the Agency intends to regulate
tobacco-related products, especially via the use of
the substantial equivalence concept.2 In addition,
our views on the availability of data are shared by
other organisations, notably the American
Association for Cancer Research and the American
Society of Clinical Oncology,40 and the BMA.41
The official EU position on ECs is not clear at
this time. The revised EU Directive on the
marketing and use of tobacco products merely
requires that manufacturers take responsibility for
the safety of such products. However, we understand that, in the UK, once the Directive has been
transposed into UK legislation, a process that will
be facilitated by the Department of Health, the
MHRA will become the competent authority (Dr
Ian Hudson, personal communication, 2015) for
ECs intended for medicinal purposes, which
include quitting smoking. Accordingly, the MHRA
will regulate such products in the same way that it
does medicines. Indeed, the MHRA website has
now documented data requirements for ECs
(http://www.mhra.gov.uk/home/groups/commsic/documents/websiteresources/con454361.pdf),
where it is stated (for preclinical studies) that: The
potential transformation of the formulation on
thermal decomposition, and the potential for the
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heating element and associated components
(including adhesives and solder) to shed metallic
and other particles on heating, would warrant
further investigation by the applicant to assess the
inhalation safety risks and to limit exposure where
necessary. In addition, the applicant should
provide a detailed safety review of all the components in the formulation from the available literature; in particular a review of the safety following
inhalation exposure (including long-term exposure)
would be relevant. A comprehensive evaluation of
the potential extractables and leachables originating from all components of the electronic cigarette should also be provided, with associated
toxicological review. For clinical studies, for some
unaccountable reason, the focus is on the levels of
nicotine in the body and its pharmacodynamics, to
ensure that endogenous levels do not exceed
maximum safe levels. We feel that this represents
a missed great opportunity for undertaking
biomarker and biomonitoring safety studies on
vapours in the clinical setting, as we have
explained in more detail elsewhere.2
How these regulations are going to be applied in
practice after the various stakeholders and pressure groups, including the tobacco industry, have
argued their various standpoints remains to be
seen. However, if the MHRA sticks to its procedures and requirements for new medicines, it
should be the case that: a) if the supporting toxicological data are deemed relevant and suitable,
there will be no need for further testing and/or
review; and b) where this is not so, or where data
are missing, such information would have to be
obtained by toxicity testing, according to
International Conference on Harmonisation (ICH)approved regulatory test methods for new medicinal products. Whether any products currently on
the market will receive exemption is a matter of
conjecture at this time. Therefore, we are now
confronted by a ludicrous situation, whereby two
UK Government authorities, the MHRA and PHE,
both with the responsibility for safeguarding
public health, are giving out different messages —
the former has the remit of controlling the sale of
the ECs according to international regulatory
requirements, while the latter endorses the use of
ECs now. Furthermore, the PHE report and its
associated documents can be downloaded from the
MHRA website — no wonder there is so much
confusion!
Some notes on the presentations given at the
Third E-Cigarette Summit, have been posted on the
web
(http://www.ecigarettedirect.co.uk/ashtrayblog/wp-content/uploads/2015/11/E-Cig-Summit-3PDF.pdf). The notes provide a preliminary impression that the debate shows no signs of letting up,
although it would appear that there is a growing
admission among the protagonists that ECs are not
harmless, and, among those looking at health
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effects, that they are probably safer than smoking,
but by how much it is difficult to tell. Perhaps we
could be heading in the right direction, after all. We
should get a better idea once the presentations have
been uploaded to the resources section of the
summit’s website.

Concluding Comments
We are puzzled by: a) why there is such a gulf
between the UK and the USA in approaches to
regulating ECs; and, more importantly, b) why the
fundamentals of toxicology, underpinning public
health and safety, involving hazard identification
and risk assessment,42 seem to have been ignored
by PHE, and are being overlooked in the ongoing
debate by a growing number of stakeholders and
so-called experts, when the same are usually so
rigorously applied to other consumer products.
Calls endorsing the wider usage of ECs are being
driven by two main factors, both of which cannot
be supported on scientific grounds: a) an understandable, but misguided, wish for having a quick
fix for the major health problems associated with
smoking; and b) a mistaken belief that there is no
need to test complex mixtures, such as EC liquids
and vapours, when the levels of ingredients, whose
presence and contribution to toxicity are known,
are at very low concentrations. If this were
possible, most of toxicology would now merely
consist of chemical analysis of test samples, except
in rare cases where the threshold of regulation
concept43 can legitimately be applied — for
example, when synergistic or antagonistic effects
between constituents can be accommodated.
One way in which risk assessment can be
approached is to derive likely exposure levels from
analytical data on the constituents of vapours and
compare them with recommended maximum
allowable daily intake figures for humans,
obtained from safety tests. However, since most of
the information relates to data obtained under
laboratory conditions, mainly with rodents, sometimes involving different routes of exposure, it has
to be extrapolated and scaled up to be relevant to
human populations, and adjusted to provide for an
extra margin of safety. Moreover, predicting exposure levels is confounded by individual differences
in the way in which ECs are used, the extent to
which they are used, the differences in design and
composition of ECs, the degree of vapour inhalation, and variation in the biotransformation of
inhaled constituents, and also by the possible
endogenous generation of more TSNAs from vaped
nicotine.44
It has been noted elsewhere (http://www.
tobacco.ucsf.edu/9-chemicals-identified-so-far-ecig-vapor-are-california-prop-65-list-carcinogensand-reproductive-t) that nine constituents var-
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iously found in EC fluids and/or aerosols, are listed
by the Environmental Protection Agency (EPA) of
the US State of California as being of concern with
regard to human safety, as part of the Agency’s
drive to improve and simplify the regulation of
environmental chemicals. These chemicals are:
acetaldehyde, cadmium, formaldehyde, isoprene,
lead, nickel, nicotine, N-nitrosonornicotine (NNN)
and toluene. NNN is widely considered to be a
carcinogen in tobacco smoke. As a worse-case
scenario, we have taken the threshold value of
concern for this chemical (which the EPA has identified from rodent carcinogenicity studies, after
adjustments for species and test system extrapolation), to have a NSRL (non-significant risk level) of
0.5μg/day (NSRL is the level of exposure that
would result in no more than one excess case of
cancer in 100,000 individuals exposed to the chemical). We have compared this figure with the
amount of NNN that different ECs users might be
expected to be exposed to, based on the maximum
levels of chemical reported in Gureckis and Love,4
which is 4.3μg/150 puffs (equivalent to 14.3μg/day
for a user taking 500 puffs/day). As the respective
NSRL value is 0.5μg/day, the expected exposure
under these conditions exceeds the level of concern
by almost 30-fold. Presumably, such a result would
raise the possibility that ECs with similar
constituent profiles could prompt the EPA in
California to require appropriate product labelling
as a precondition for marketing approval. We
stress, however, that these are preliminary data,
subject to several uncertainties, not the least of
which are vaping behaviour and individual susceptibility, and we plan to investigate risk assessment
in more detail for more ECs, and also for other risk
assessment methods, such as the Margin of
Exposure (see Hahn et al.45).
The more and more we read, the more convinced
we are that the whole debate about ECs is premature, and would not be happening with other,
equally dangerous consumer products, in the
absence of powerful lobbying on behalf of industry.
The title of the PHE report includes the phrase
...foundation for evidence-based policy and practice. This sounds great, until one realises that the
foundation is very weak indeed, having been built
on sand, in the words of McKee and Capewell,22
and that the evidence used was incomplete,
conflicting, and used selectively. It is crucial that
these new types of products are labelled appropriately and accurately, not only with regard to their
benefits, but also with appropriate and proportionate warnings of any hazards to which users
may be exposed. This will only be possible after
there has been a full and scientifically-sound
investigation of the toxicity of these products.
We seem to be living in a world now where the
term evidence-based increasingly seems to be being
used to imply some new revelatory approach to
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scientific activity that guarantees high quality. We
have ‘evidence-based medicine’ and, more-recently,
‘evidence-based toxicology’, and now: ‘evidencebased public health’ and ‘evidence-based regulation’. But, in truth, of course, evidence-based is not
a new concept, nor is it a panacea for quality —
any thorough scientific piece of work is only as
good as the evidence on which it is based. What
does appear to be new is the attempt to use the
phrase as a smokescreen for sub-standard scientific investigation, otherwise there would be no
need to use it at all!
We leave the last word to the British Heart
Foundation (BHF), by quoting from a booklet entitled 10 Minutes to Change Your Life — Time to
Quit, which is available in its high-street charity
shops or from its website (https://www.bhf.org.
uk/~/media/files/publications/smoking/g925_time_
to_quit_01_14_booklet_chart.pdf). This states that:
E-cigarettes allow you to breathe in nicotine
vapour. Unlike tobacco smoke, this nicotine
[vapour] doesn’t contain many of the chemicals that
cause cancer and heart disease. But scientists don’t
know yet if e-cigarettes can help you quit or if they
cause any long-term damage to your health.
Simple, clear, informative and correct — this is
where the debate needs to start and it is why the
temptation for a quick fix to the smoking issue
must be resisted!
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NHMRC CEO Statement: Electronic Cigarettes (E-Cigarettes)

Summary
Electronic cigarettes (e-cigarettes, also known as electronic nicotine delivery systems (ENDS) or electronic
non-nicotine delivery systems (ENNDS)) are often marketed as a method to assist smokers to quit, or as
a ‘safe alternative’ to conventional tobacco cigarettes. However, there is currently insufficient evidence to
support claims that e-cigarettes are safe and further research is needed to enable the long-term safety,
quality and efficacy of e-cigarettes to be assessed.

Key messages
• E-cigarettes may expose users to fewer toxic chemicals than conventional tobacco cigarettes; however the
extent to which this reduces harm to the user has not been determined.
• E-cigarettes may expose users to chemicals and toxins such as formaldehyde, heavy metals, particulate
matter and flavouring chemicals, at levels that have the potential to cause adverse health effects.
• There is currently insufficient evidence to conclude whether e-cigarettes can assist smokers to quit.
Smokers wishing to quit should consult the Quitline or their general practitioner.
• There is some evidence from longitudinal studies to suggest that e-cigarette use in non-smokers is
associated with future uptake of tobacco cigarette smoking.
• Health authorities and policy-makers should act to minimise harm to users and bystanders, and to protect
vulnerable groups such as young people, until evidence of safety, quality and efficacy can be produced.
• NHMRC is currently funding a number of studies into the safety and efficacy of e-cigarettes.
• Consumers should seek further information about e-cigarettes from reliable sources, such as the relevant
State or Territory Health Department or quit smoking services.
E-cigarettes are battery operated devices that heat a liquid (called ‘e-liquid’) to produce a vapour that users inhale.
Although the composition of this liquid varies, it typically contains a range of chemicals, including solvents and
flavouring agents, and may or may not contain nicotine. E-cigarettes have evolved as a product group since first
entering the market, with products now ranging from early ‘first generation’ devices that resemble cigarettes,
to second and third generation devices that enable users to modify characteristics of the device, such as adjusting
the voltage.1
This wide variation in products, and the ability of users to customise their vaping experience, makes it difficult
to assess the safety and efficacy of e-cigarettes as a group, because the results from research involving one
particular product may not be applicable to all e-cigarettes or all users. However, by examining the evidence to
identify common findings across a range of different products, or results that are replicated in a number of studies,
it is possible to gain some insight into the efficacy of e-cigarettes, their potential harms, and areas where further
research is required.
NHMRC recognises the need for high-quality research in this area and is currently funding a number of studies
investigating the effects of e-cigarettes.
The following information is provided to assist consumers and policy-makers in understanding the current
evidence about the safety and efficacy of e-cigarettes. This information is current at the time of writing but
is subject to change as more research becomes available.
3 April 2017
NHMRC ref # DS13a

Health and safety
Potential health risks
It is widely believed that e-cigarettes are likely to be less harmful than tobacco cigarettes, because they expose
users to fewer toxic chemicals.2, 3, 4 However, there is insufficient evidence to quantify the reduction in risk
when e-cigarettes are used instead of tobacco cigarettes.1, 5 Although a 2014 study reported that e-cigarettes are
95% less harmful than tobacco cigarettes,6 this finding was based on opinion rather than empirical evidence,
and concerns have been raised about potential conflicts of interest.7, 8 The World Health Organisation has stated
that “no specific figure about how much ‘safer’ the use of these products is compared to smoking can be given
any scientific credibility at this time.”1
E-cigarettes are not likely to be risk free, and may expose users to chemicals and toxins at levels that have the
potential to cause health effects. These include solvents such as propylene glycol, glycerol or ethylene glycol,
which may form toxic or cancer-causing compounds when vaporised.9, 10, 11, 12, 13, 14, 15, 16, 17 Although these chemicals
are typically found in lower concentrations than in tobacco cigarettes,3, 4, 10, 15 in some studies e-cigarettes and
tobacco cigarettes were found to produce similar levels of formaldehyde,11, 14 which is classified as a cancer-causing
agent.18 E-cigarette liquids or vapour may also contain potentially harmful chemicals which are not present in
smoke from tobacco cigarettes.1, 11, 19
While some of the chemicals in e-liquid are also used in food production and are generally considered safe
when eaten, this does not mean that these chemicals are safe when inhaled as a vapour directly into the lungs.
A number of studies have reported harmful effects when certain flavourings that are approved for use in food
production, including cherry, cinnamon and popcorn flavours, are inhaled.20, 21, 22, 23 There is growing evidence to
suggest that the long-term inhalation of flavourings used in most e-liquids is likely to pose a risk to health.1
Studies also show that e-cigarettes expose both users and bystanders to particulate matter (very small
particles)16, 24, 25, 26, 27 that may worsen existing illnesses or increase the risk of developing diseases such as
cardiovascular or respiratory disease.28 The World Health Organisation has warned that exposure to any level of
particulate matter may be harmful and that levels of exposure should be minimised.29
E-cigarettes may also expose users to metals such as aluminium, arsenic, chromium, copper, lead, nickel and tin,3,
15, 30, 31, 32
with these elements having been detected in e-liquid and in the vapour produced during use. In some
cases these metals have been detected at levels greater than, or similar to, those found in tobacco cigarettes.1, 30
Adverse events
Studies that have tested e-cigarettes for use as a smoking cessation tool found that users of e-cigarettes typically
experience a low rate of adverse events in the short term,33, 34 with mouth and throat irritation the most commonly
reported symptoms. However, more serious adverse events have also been reported, with over 200 incidents
of e-cigarettes overheating, catching fire or exploding reported to date in the US and UK alone.35 In some cases,
these events have resulted in life‑threatening injury, permanent disfigurement or disability, and major property damage.
The rising popularity of e-cigarette use internationally has also corresponded with an increasing number of reported
nicotine poisonings due to exposure to or ingestion of e-liquids.36, 37, 38, 39, 40, 41, 42 The effects of exposure range
from relatively mild, including irritation of the eyes and skin, nausea and vomiting,36, 37, 40 to severe life-threatening
illness,39 and in some cases, death.36, 38, 42
Passive exposure
A recent systematic review of 16 studies concluded that e-cigarette vapour has the potential to pose a health risk
to bystanders, although the risk is likely to be lower than that posed by conventional cigarette smoke.43 However,
exposure to certain metals such as nickel and silver may be greater for e-cigarettes than tobacco cigarettes.43
A 2016 study found that the most common symptoms reported by those passively exposed to e-cigarettes
included respiratory difficulties, eye irritation, headache, nausea and sore throat or throat irritation.44
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Smoking cessation
Experts disagree about whether e-cigarettes may help smokers to quit, or whether they will become ‘dual users’ of
both e-cigarettes and tobacco cigarettes. There is currently insufficient evidence to demonstrate that e-cigarettes are
effective in assisting people to quit smoking1 and no brand of e-cigarette has been approved by the Therapeutic Goods
Administration (TGA) for this purpose. Although a 2016 systematic review conducted by the Cochrane Collaboration33
found some evidence that e-cigarettes with nicotine may assist smokers to quit, the review authors had a low level
of confidence in this finding, due to the small volume of evidence. The review also reported results from one study
comparing e-cigarettes with nicotine replacement therapy, which found that both methods resulted in similar rates
of smoking cessation at 6 months follow-up. However, the reviewers noted that more research is required to enable
confidence in these estimates and that further research is likely to change the estimate of effect.33
Smokers wishing to quit are advised to consult their general practitioner. First-line treatments include a range
of TGA-approved nicotine replacement therapies and prescription medications that have been tested for
safety and efficacy. Support and information are also available from the Quitline (13 78 48) or via the Quit Now
website (www.quitnow.gov.au).

E-cigarettes and tobacco control policies
Concerns have been raised that the potential benefits of e-cigarettes in reducing harm to smokers may be
outweighed by the risks that they may undermine tobacco control efforts. This includes the potential for
e-cigarettes to provide a gateway to nicotine addiction or tobacco product use, or that they may renormalise
smoking. The appeal of flavoured e-cigarettes to children and adolescents is also of concern, with studies reporting
rapid uptake of e-cigarettes among adolescents in many countries, where trend data are available.45, 46, 47, 48, 49
This provides some cause for concern given uncertainties about the long-term safety of e-cigarettes.
There is some evidence that e-cigarettes could act as a gateway into nicotine addiction or tobacco cigarette
smoking. A number of longitudinal studies have reported an association between e-cigarette use in non-smokers
and the uptake of tobacco cigarette smoking in the future.50, 51, 52, 53 This association remained even when the
studies controlled for other risk factors that might make people more likely to take up smoking. In some studies,
the effect of e-cigarettes on future smoking behaviour was greatest among those who were otherwise at low
risk of taking up smoking.51, 54 A number of studies have also reported an association between e-cigarette use in
non‑users and future use of marijuana52 or tobacco products such as hookahs, cigars or pipes.51, 55, 56
In view of the above concerns, the World Health Organisation has recommended that policy-makers act to
prevent the initiation of e-cigarette use by non-smokers and youth, with special attention given to protecting
vulnerable groups.1

Manufacturing quality
The manufacturing quality of e-cigarettes is highly variable, with a number of issues relating to quality control
reported in the literature. Labelling of e-cigarettes and e-liquids has been found to be incomplete or inaccurate.57, 58
Products have been found to contain chemicals that were not listed on the label,57, 58, 59 or to state incorrectly that
they did not contain potentially toxic chemicals, despite analyses confirming their presence.60, 61
There may also be wide variation between the levels of nicotine declared on packaging and the amount contained in
e-liquid.9, 58, 62, 63, 64, 65 One study that compared identical models of e-cigarettes found that nicotine content varied by
up to 20% when the products came from different manufacturing batches, with variation of up to 12% reported for
products manufactured in the same batch.66 Furthermore, some products that are labelled as nicotine free have been
found to contain nicotine.11, 15, 57, 59, 62, 65, 67, 68
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Where can I get more information?
When seeking information about e-cigarettes online, it is important to look at websites that provide a reliable
source of information, such as government websites or quit smoking services. Information on websites sponsored
by retailers or manufacturers may reflect a commercial interest in promoting the sale of certain products.
Similarly, when reading published research on e-cigarettes it is important to consider whether the authors of the
research held any conflicts of interest that could potentially bias their findings, or whether the research was funded
by an organisation with a financial interest in the outcomes, such as e-cigarette manufacturers.69
The following websites may provide further information of use to consumers:
Evidence-based reports
World Health Organisation – Electronic Nicotine Delivery Systems and Electronic Non-Nicotine Delivery Systems
(ENDS/ENNDS)
http://www.who.int/fctc/cop/cop7/FCTC_COP_7_11_EN.pdf
Information, fact sheets and FAQs from government departments
ACT Health – Electronic Cigarettes
http://www.health.act.gov.au/public-information/public-health/tobacco-and-smoke-free/electronic-cigarettes
New South Wales Department of Health – Electronic Cigarettes
http://www.health.nsw.gov.au/tobacco/Pages/electronic-cigarettes.aspx
Product Safety Australia – Electronic Cigarette Safety
http://www.productsafety.gov.au/news/electronic-cigarette-safety
Therapeutic Goods Administration – Electronic Cigarettes
https://www.tga.gov.au/community-qa/electronic-cigarettes
Western Australia Department of Health – Electronic cigarettes (e-cigarettes)
http://healthywa.wa.gov.au/Articles/A_E/Electronic-cigarettes-e-cigarettes
State and Territory Health Departments – Contact Details
http://www.health.gov.au/internet/main/publishing.nsf/Content/health-related.htm#state
Position statements
Australian Medical Association – Tobacco Smoking and E-cigarettes (2015) – The AMA Position
https://ama.com.au/position-statement/tobacco-smoking-and-e-cigarettes-2015
Cancer Council Australia and The Heart Foundation – Joint Position Statement on Electronic Cigarettes
http://wiki.cancer.org.au/policy/Position_statement_-_Electronic_cigarettes
Public Health Association of Australia – Statement by the Public Health Associations of Australia on
Electronic Cigarettes
https://www.phaa.net.au/documents/item/704
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Mr. Kevin Burns
CEO
JUUL Labs, Inc.
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Center for Tobacco Products
10903 New Hampshire Avenue
Silver Spring, MD 20993
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WARNING LETTER
Dear Mr. Burns:
The Center for Tobacco Products of the U.S. Food and Drug Administration (FDA) reviewed testimony from the July 24-25,
2019 hearing on “Examining JUUL’s Role in the Youth Nicotine Epidemic,” of the Subcommittee on Economic and
Consumer Policy of the Committee on Oversight and Reform of the United States House of Representatives (“House
Subcommittee”), documents from FDA’s September 24-28, 2018 inspection of JUUL Labs, Inc.’s (JUUL) headquarters in
San Francisco, California, JUUL’s submissions to the Agency, and JUUL’s website, https://www.juullabs.com
(https://www.juullabs.com)
(http://www.fda.gov/about-fda/website-policies/website-disclaimer), and determined that
JUUL products, which are electronic nicotine delivery system (ENDS) products, are manufactured, marketed, advertised,
labeled, and offered for sale or distribution to customers in the United States. Under section 201(rr) of the Federal Food,
Drug, and Cosmetic Act (FD&C Act) (21 U.S.C. § 321(rr)), as amended by the Family Smoking Prevention and Tobacco
Control Act, these products are tobacco products because they are made or derived from tobacco and intended for human
consumption. Certain tobacco products, including ENDS products (e.g., e-cigarettes and e-liquids), are subject to FDA
jurisdiction under section 901(b) of the FD&C Act (21 U.S.C. § 387a(b)).
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Based on our review of the information described above, FDA has determined that JUUL adulterated its products under
section 902(8) of the FD&C Act (21 U.S.C. § 387b(8)) by selling or distributing them as modified risk tobacco products
without an FDA order in effect that permits such sale or distribution.
Modified Risk Tobacco Products Without an Appropriate FDA Order in Effect are Adulterated
Our review of testimony from the July 24-25, 2019 House Subcommittee hearing, documents from FDA’s inspection of
JUUL’s headquarters, JUUL’s submissions to the Agency, and JUUL’s website, https://www.juullabs.com
(https://www.juullabs.com)
(http://www.fda.gov/about-fda/website-policies/website-disclaimer), revealed that your firm
has engaged in labeling, advertising, and/or other activities directed to consumers, in which JUUL explicitly and/or
implicitly has represented that JUUL products are free of a substance, have a reduced level of or exposure to a substance,
and/or that JUUL products present a lower risk of tobacco-related disease or are less harmful than one or more other
commercially marketed tobacco products.
The July 24-25, 2019 House Subcommittee hearing included the following evidence:
1. A JUUL representative speaking with students at his presentation stated that JUUL “was much safer than
[1]
cigarettes” and that “FDA would approve it any day.”
[2]
2. The JUUL representative speaking with students at his presentation called JUUL “totally safe.”
3. The JUUL representative speaking with students at his presentation stated that a student “…should mention
JUUL to his [nicotine-addicted] friend…because that’s a safer alternative than smoking cigarettes, and it
[3]
would be better for the kid to use.”
4. The JUUL representative speaking with students at his presentation stated, “FDA was about to come out and
[4]
say it [JUUL] was 99% safer than cigarettes…and that…would happen very soon….”

Referring to your ENDS products as “99% safer” than cigarettes, “much safer” than cigarettes, “totally safe,” and “a safer
alternative than smoking cigarettes” is particularly concerning because these statements were made directly to children in
school. Our concern is amplified by the epidemic rate of increase in youth use of ENDS products, including JUUL’s
products, and evidence that ENDS products contribute to youth use of, and addiction to, nicotine, to which youth are
especially vulnerable.

[5]

In addition, your “Letter from the CEO” states: “[JUUL’s] simple and convenient system incorporates temperature
regulation to heat nicotine liquid and deliver smokers the satisfaction that they want without the combustion and the harm
associated with it.” On April 25, 2018, your letter appeared in an email that JUUL sent to a parent in response to her
complaint that the firm sold JUUL products to her child. On May 8, 2018, your letter appeared on JUUL’s website,
https://www.juullabs.com (https://www.juullabs.com)
(http://www.fda.gov/about-fda/website-policies/website[6]
disclaimer). This letter provides further confirmation of the evidence from the hearing testimony that JUUL has marketed
JUUL products as modified risk tobacco products.
A tobacco product is considered a “modified risk tobacco product,” inter alia, if its label, labeling, or advertising explicitly or
implicitly represents that: (1) the product presents a lower risk of tobacco-related disease or is less harmful than one or
more other commercially marketed tobacco products; (2) the product or its smoke contains a reduced level of a substance
or presents a reduced exposure to a substance; or (3) the product or its smoke does not contain or is free of a substance
(section 911(b)(2)(A)(i) of the FD&C Act (21 U.S.C. § 387k(b)(2)(A)(i))); or where the manufacturer has taken any action
directed to consumers through media or otherwise, other than by means of the tobacco product’s label, labeling, or
advertising, respecting the product that would be reasonably expected to result in consumers believing that the tobacco
product may present a lower risk of disease or is less harmful than one or more commercially marketed tobacco products,
or presents a reduced exposure to, or does not contain or is free of, a substance or substances (section 911(b)(2)(A)(iii) of
the FD&C Act (21 U.S.C. § 387k(b)(2)(A)(iii))).
Under section 911(a) of the FD&C Act (21 U.S.C. § 387k(a)), no person may introduce or deliver for introduction into
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interstate commerce any modified risk tobacco product without an FDA order in effect under section 911(g) of the FD&C
Act (21 U.S.C. § 387k(g)). A modified risk tobacco product application under section 911(d) of the FD&C Act (21 U.S.C.
§ 387k(d)) is required to provide scientific evidence and other information to support issuance of an order under section
911(g) of the FD&C Act (21 U.S.C. § 387k(g)). A product that is in violation of section 911(a) of the FD&C Act (21 U.S.C.
§ 387k(a)) is adulterated under section 902(8) of the FD&C Act (21 U.S.C. § 387b(8)).
JUUL has marketed its ENDS products as modified risk tobacco products because JUUL’s labeling, advertising, and/or
other actions directed to consumers (examples of which are referenced above), represent, or would be reasonably
expected to result in consumers believing, that the products present a lower risk of tobacco-related disease or are less
harmful than one or more other commercially marketed tobacco products; contain a reduced level of a substance or
present a reduced exposure to a substance; and/or do not contain or are free of a substance or substances. JUUL
adulterated its products under section 902(8) of the FD&C Act (21 U.S.C. § 387b(8)) by selling or distributing them as
modified risk tobacco products without an appropriate FDA order in effect under section 911(g) of the FD&C Act (21 U.S.C.
§ 387k(g)) that permits such sale or distribution.
Conclusion
The violations discussed in this letter do not necessarily constitute an exhaustive list. To the extent you have not already
done so, you should immediately correct the violations that are referenced above, as well as violations that are the same
as or similar to those stated above, and take any necessary actions to bring your tobacco products into compliance with
the FD&C Act. It is your responsibility to ensure that your tobacco products, all related labeling and advertising, and all
other activities by JUUL directed to consumers, such as in any media in which you advertise and any retail establishments,
comply with each applicable provision of the FD&C Act and FDA’s implementing regulations. Failure to ensure compliance
with the FD&C Act may result in FDA initiating further action, including, but not limited to, civil money penalties, seizure,
and/or injunction. Please note that any adulterated and misbranded tobacco products offered for import into the United
States are subject to detention and refusal of admission.
Please submit a written response to this letter within 15 working days from the date of receipt describing your corrective
actions, including the dates on which you discontinued the violative promotion, labeling, advertising, sale, and/or
distribution of these tobacco products. In your written response, please also describe your plan for maintaining compliance
with the FD&C Act, including your plan to prevent violations that are the same as or similar to those stated above, such as
through, for example, new internal controls and training. You can find the FD&C Act through links on FDA’s homepage at
http://www.fda.gov (http://www.fda.gov). If you do not believe that your products are in violation of section 911 of the FD&C
Act (21 U.S.C. § 387k), please provide us with your reasoning and provide any and all scientific evidence and data, if any,
that support that your statements and representations do not explicitly or implicitly convey that JUUL products pose less
risk, are less harmful, present reduced exposure, or are safer than other tobacco products.
Please note your reference number, RW1901168, in your response and direct your response to the following address:
Anthony Villa, Senior Regulatory Counsel
Office of Compliance and Enforcement
FDA Center for Tobacco Products
c/o Document Control Center
Building 71, Room G335
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002
If you have any questions about the content of this letter, please contact Anthony Villa at (301) 796-7385 or via email at
Anthony.Villa@fda.hhs.gov (mailto:Anthony.Villa@fda.hhs.gov).
Sincerely,
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/s/
Ann Simoneau, J.D.
Director
Office of Compliance and Enforcement
Center for Tobacco Products
VIA Electronic Mail
cc:
Jerry Masoudi
Chief Legal Officer, JUUL Labs, Inc.
jmasoudi@juul.com (mailto:jmasoudi@juul.com)

[1]

Hearing, July 24, 2019, Testimony of Ms. Meredith Berkman (PAVe co-founder), at minutes 52:27 – 53:31 (https://youtu.be/m3iEMrAd83o

(https://youtu.be/m3iEMrAd83o)
[2]

(http://www.fda.gov/about-fda/website-policies/website-disclaimer)).

Hearing, July 24, 2019, Testimony of Mr. Caleb Mintz (son of Ms. Meredith Berkman, PAVe co-founder), at minutes 1:18:50 – 1:19:11

(https://youtu.be/m3iEMrAd83o (https://youtu.be/m3iEMrAd83o)
[3]

Hearing, July 24, 2019, Testimony of Mr. Phillip Fuhrman (son of Ms. Dorian Fuhrman, PAVe co-founder), at minutes 1:20:20 – 1:21:14

(https://youtu.be/m3iEMrAd83o (https://youtu.be/m3iEMrAd83o)
[4]

(http://www.fda.gov/about-fda/website-policies/website-disclaimer)).

Hearing, July 24, 2019, Testimony of Mr. Phillip Fuhrman, at minutes 1:21:45 – 1:22:02 (https://youtu.be/m3iEMrAd83o (https://youtu.be

/m3iEMrAd83o)
[5]

(http://www.fda.gov/about-fda/website-policies/website-disclaimer)).

(http://www.fda.gov/about-fda/website-policies/website-disclaimer)).

As discussed in the March 2019 Draft Guidance: Modifications to Compliance Policy for Certain Deemed Tobacco Products, “[R]ecent data show

a significant increase in minors’ use of ENDS products…For example, data from the NYTS [National Youth Tobacco Survey] show that, between 2017
and 2018, current e-cigarette use among high school students increased 78 percent (11.7 percent to 20.8 percent, p<0.05)…These data represent an
increase of an estimated 1.32 million high school students reporting past 30-day e-cigarette use in one year. Current e-cigarette use among middle
school students also increased by 48 percent over the same time period (3.3 percent to 4.9 percent, p<0.05), an increase of an estimated 180,000
middle school students reporting past 30-day e-cigarette use in one year…[.]” (https://www.fda.gov/media/121384/download (https://www.fda.gov
/media/121384/download), at p. 8)
[6]

See, e.g., “Letter from the CEO” from Mr. Kevin Burns, CEO, JUUL Labs, Inc. (https://www.juullabs.com (https://www.juullabs.com)

(http://www.fda.gov/about-fda/website-policies/website-disclaimer)) (May 8, 2018).
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FDA warns leading e-cigarette maker Juul about its
marketing practices
edition.cnn.com/2019/09/09/health/fda-juul-warning-bn/index.html
September 9,
2019

(CNN)The US Food and Drug Administration on Monday warned leading e-cigarette
maker Juul Labs about illegally marketing its product as a safer alternative to cigarettes.
The FDA ordered Juul to respond within 15 working days with corrective actions and its
plan to comply with federal law. The warning letter noted that failure to comply could
result in fines, seizures or injunction.
More deaths reported among rising number of lung disease cases that could be due to
vaping
"Regardless of where products like e-cigarettes fall on the continuum of tobacco product
risk, the law is clear that, before marketing tobacco products for reduced risk, companies
must demonstrate with scientific evidence that their specific product does in fact pose
less risk or is less harmful. JUUL has ignored the law, and very concerningly, has made
some of these statements in school to our nation's youth," Acting FDA Commissioner Dr.
Ned Sharpless said in a statement.
"We will continue to scrutinize tobacco product marketing and take action as appropriate
to ensure that the public is not misled into believing a certain product has been proven
less risky or less harmful," he said. "We've also put the industry on notice: If the
disturbing rise in youth e-cigarette use continues, especially through the use of flavors
that appeal to kids, we'll take even more aggressive action."
The FDA sent a separate letter to Juul "expressing concern, and requesting more
information, about several issues raised in a recent Congressional hearing regarding
JUUL's outreach and marking practices, including those targeted at students, tribes,
health insurers and employers."
Read More
#Juul: Study makes the case for stricter regulation on e-cigarette marketing
The agency requested documents related to marketing, including scientific evidence and
data such as consumer perception studies "related to whether these statements and
representations explicitly or implicitly convey that JUUL products pose less risk, are less
harmful, present reduced exposure, are safer than other tobacco products or that the
products are smoking cessation products."
In November, the FDA revealed that vaping had increased nearly 80% among high
schoolers and 50% among middle schoolers since a year earlier. Public health experts
have said that Juul has largely propelled the rise, commanding about 75% of the ecigarette market in the United States.
"We believe you have a continuing responsibility to take action to address the epidemic
of youth use of your products, some of which appears to have been a direct result of
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your product design and marketing campaigns, whether or not some of these practices
have been discontinued," the FDA's separate letter to Juul said.
Juul has maintained that its products are intended to convert adult smokers to what it
described in the past as a less-harmful alternative. In other communications, the
company says it cannot make claims its products are safer, in line with FDA regulations.
"We are reviewing the letters and will fully cooperate," according to Ted Kwong, a Juul
Labs spokesperson.

Calls for action against Juul
Last week, Rep. Raja Krishnamoorthi, chairman of the House Oversight Subcommittee
on Economic and Consumer Policy, asked the FDA in a letter to take "appropriate
enforcement action" against Juul. He said the agency should "protect the American public
from the fraudulent and unapproved medical claims" made by the company.
Juul went into a ninth-grade classroom and called its device 'totally safe,' teens testify
Krishnamoorthi's letter followed a two-day hearing in July, after which the committee
concluded that "JUUL appears to be violating FDA regulations against making
unapproved express and implied claims that its product helps users stop smoking
cigarettes and is safer than cigarettes."
At the subcommittee hearing in July, several people testified that the company was
directly marketing to children in high school, to the Cheyenne River Sioux Tribe and to
smoking cessation groups.
On Friday, the US Centers for Disease Control and Prevention announced that the
agency is now aware of at least 450 possible cases of severe lung disease that could be
caused by vaping across 33 states.
There have been at least five deaths across five states -- one each in Illinois, Oregon,
Minnesota, Indiana and California -- linked to the illnesses.
US Senate Democratic Whip Dick Durbin pointed out in a press conference on Monday
how Sharpless' predecessor, Dr. Scott Gottlieb, called vaping among youth an
"epidemic."
"That was his word, and it is an epidemic, and why the FDA refuses to act, I can not
answer," Durbin said during the press conference.
After news of additional deaths spread on Friday, Durbin called on Sharpless to act on
regulating e-cigarettes and flavors in the next 10 days. Durbin said he would call for
Sharpless' resignation if he did not take action.
Then on Monday, Durbin said again that it's time Sharpless "either does something or
resigns."
"This is a kids' toy, make no mistake about it, no matter what Juul tells you," he said.
"We're naïve to believe that children aren't buying these and using these for purposes
that are endangering their health. This ought to be closely regulated by the Food and
Drug Administration. We are facing, in their words, an epidemic, taking the lives of
children across the United States."
Durbin added during the press conference that public education around this issue is not
enough and enforcement is needed.
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"We have to send people undercover into these places that are selling these devices, and
when we nail them selling them to people underage, they pay a heavy price for it. The
word gets out quickly in the retail community," he said.
Sign up here to get The Results Are In with Dr. Sanjay Gupta every Tuesday from the
CNN Health team.
In response to Durbin's criticism, FDA spokeswoman Stephanie Caccomo said in an
emailed statement on Friday that the agency looks forward to "engaging with Senator
Durbin, along with all members of Congress, on this ongoing and very serious situation."
"Getting to the bottom of this is a top priority for the agency and all of our federal and
state partners. We are all working tirelessly to get as much information as possible about
any products or substances used. We are leaving no stone unturned in following any
potential leads and we're committed to taking appropriate actions as the facts emerge,"
the statement said in part. "The illnesses under investigation involve the broader use of
vaping products — including those being used with substances like THC; e-cigarettes are
considered one type of vaping product. With respect to our work to tackle the youth ecigarette epidemic, we remain committed to our oversight of e-cigarettes and to keeping
them out of the hands of youth."
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