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1. a. The prevalence of e-cigarette use, particularly amongst children and young people in

Queensland.

There is a dearth of quality, recent representative data on use of e-cigarettes and other vaping
devices among youth in Queensland, and more broadly Australia.

Internationally: In the World Health Organization’s Global Youth Tobacco Surveys, 1 in 60
adolescents vaped regularly in the past month across 47 countries between 2015 and 2018 (1). In
2022, 14% of high school students and 3% of middle school students in the USA reported past month
use of e-cigarettes (2). Nearly 85% of these youth used flavoured e-cigarettes and more than half
used a disposable e-cigarette. In Canada, 13% of 15-19 year olds reported having vaped in the past
month in 2021 (3). In the UK, vaping among young people has been very low despite widespread
availability. However, 7% of 11-17 year olds reported ‘current use’ of e-cigarettes in 2022, which was
twice the proportion reporting use in 2021 (3%), suggesting youth uptake can be rapid once
disposable e-cigarette products become widely available (4). In Aotearoa/New Zealand, a similar
rapid increase has been observed. At least monthly vaping was reported by 20% of Year 10 students
in 2021, which indicated a substantial increase since 2019 (12% monthly use) (5). Daily vaping had
also increased from 3% in 2019 to 10% in 2021.

Australia: In 2017, 15.2% of students aged 14-15 years old in the Australian Secondary School
Students Alcohol and Drug Survey (ASSSAD) had ever used an e-cigarette and 5.5% reported having
used on in the past month. The 2019 National Drug Strategy Household Survey (NDSHS) found that
1.1% of Australians (aged 14+) vaped daily in 2019, which was 10 times lower than the 11 per cent of
the population who smoked traditional cigarettes daily (1). Among 14-17 year-olds, 9.6% reported
ever having used an e-cigarette, which was approximately the same as reported in 2016 (9.2%), i.e.,
>90% had never tried one. Less than 2% of 14-17-year-olds in the NDSHS reported any current use
of e-cigarettes (daily, weekly, monthly and less than monthly). The National Health Survey (NHS)
conducted in 2020-21 reported that that around 7.6% of young people aged 15 to 17 years reported
having ever used an e-cigarette or vaping device (6). However, it is important to note that under-
reporting of e-cigarettes use among young people may have occurred due to the presence of adults
during survey completion for the NDSHS and NHS. Furthermore, these statistics may be out of date
given the speed with which vaping has increased among youth in other countries.

The Generation Vape study collected data from 721 participants aged 14 to 17 living in NSW who
were recruited from market research panels. Twenty percent of the sample reported vaping on
average at least 1 day per month, with 4% of the sample reporting typically vaping on at least 20
days per month (7).

South-East Queensland’s Adolescent Aware study of independent schools found that 12% of Year 12
students in 2020 reported that they had used an e-cigarette or vaped in the past month. Among
those who had used an e-cigarette, 75% reported that they had tried nicotine-free flavoured e-
cigarettes, 44% had tried nicotine-containing e-cigarettes, 31% tried cannabis vaping products, and
7% reported trying a vape where they did not know what was in it. E-cigarette use was more
common in males and students with a history of truancy and who also used other substances,
engaged in binge drinking, smoked traditional cigarettes, and used cannabis.

The most reliable up-to-date estimates are likely to be from the 2022 ASSSAD. However, results are
not expected to be available before 2024. The 2022-23 NDSHS, while not specifically designed to
measure substance use among youth, would also provide valuable data, however findings are also
not expected to be available until 2024.



1. b. Risks of vaping harmful chemicals, including nicotine, to individuals, communities, and the
health system.

Oral irritation, cough, and headaches or migraines are most often reported by people who use e-
cigarettes. It is unclear, however, whether e-cigarettes cause these symptoms, or if these symptoms
were also reported by those who did not used e-cigarettes (8). Some studies showed e-cigarette
users reported fewer of these symptoms than NRT users.

Several extensive evidence reviews of the potential risks of chemical exposures from use of e-
cigarettes at individual level have been published. The most comprehensive to date was a systematic
review of the health risks of vaping published by the UK Government in September 2022 (9). This
report synthesised the evidence with a focus on biomarkers of toxicant exposure, which provide
objective measurements of the levels of harmful substances in the body following active or passive
exposure. Chapters 7 to 12 synthesise the evidence on risks of vaping. The main conclusions of the
report are shown in Figure 1. A copy of the full report has been included with this submission
(Appendix A).

In discussing the risks of vaping, addiction to nicotine should also be considered a harm in and of
itself, which many people would like to avoid. The higher level of nicotine that people can obtain
from vaping compared to approved nicotine replacement therapy products, combined with the
behavioural similarity to smoking are the likely factors that make nicotine vaping products a more
effective quit aid (10) and also a product with much greater risk of developing dependence that
results in longer term use. For people who have smoked for a long time and have had much difficulty
in quitting smoking, this trade-off is a reasonable one because the alternative is likely to be many
more years of greater exposure to a higher number of chemicals through continued smoking. For a
young person who has not smoked (and particularly those who are unlikely to smoke), there are no
health benefits from vaping and developing dependence on vaping is a more serious issue.

Modelling studies have also tried to estimate the population-based impacts, including in Australia.
These have generally found that based on patterns of smoking and vaping and transitions between
these states observed in research studies and examining a wide range of potential relative risks
associated with vaping, e-cigarette use in the population is associated with lower overall population
harms, when people who smoke are encouraged to switch to vaping. For example, the SAVE model
found that even when the excess risk of vaping relative to smoking was assumed to be 40% (a much
more pessimistic estimate of the relative risk of vaping than commonly adopted in modelling
studies), 70,000 smoking- and vaping-attributable deaths and 1.2 million life years lost would be
averted if the transition rates based on those observed in the USA were replicated in Australia
(under a more permissive regulatory scenario) (11).



2. Healthrisks

The report primarily looks at data on human exposure to vaping, complemented with
findings from animal and cell studies. It provides the most robust evidence on health
risks of vaping to date. It also assesses the relative risks of vaping compared with
smaking, as well as the absolute risks of vaping compared with not vaping or smoking.

2.1 Overall conclusions
Based on the evidence that the team reviewed, the conclusions were that:

* inthe short and medium term, vaping poses a smallfraction of the risks of smoking

* vapingis not risk-free, particularly for people who have never smoked

* evidence is mostly limited to short and medium term effects and studies assessing
longer term vaping (for more than 12 months) are necessary

* more standardised and consistent methodologies in future studies would improve
interpretation of the evidence

2.2 Biomarkers of toxicant exposure

Biomarkers of toxicant exposure are measurements of potentially harmful substance
levels in the body. The evidence reviewed suggests there is:

* significantly lower exposure to harmful substances from vaping compared with
smoking, as shown by biomarkers associated with the risk of cancer. respiratory and
cardiovascular conditions

* similar or higher exposure to harmful substances from vaping compared with not
using nicotine products

* nosignificant increase of toxicant biomarkers after short-term secondhand exposure
to vaping among people who do not smoke or vape

2.3 Biomarkers of potential harm

Biomarkers of potential harm are measurements of biological changes in the body due
to an exposure to smoking or vaping. Although this review looked at many studies of
biomarkers of potential harm, the team could draw only limited conclusions. However,
better-run studies assessing short and medium term risks, found no major causes of
concern associated with vaping.

Figure 1: Conclusions on Health Risks from Nicotine vaping in England: 2022 evidence update main
findings.



Vaping — other substance use risks

Vaping is not limited to vaping of flavours and nicotine. The use of e-cigarettes to vape cannabis has
increased between 2013 to 2020, particularly in the USA and Canada, parallel to the rise in nicotine
and flavour vaping (12). The review found approximately 1 in 12 adolescents has vaped cannabis in
the past month in 2020, an increase of 6.8% in 7 years (12). The increase in cannabis vaping is
concerning, particularly in the context of the e-cigarette, or vaping, product use associated lung
injury (EVALI) outbreak. The EVALI outbreak in the US between 2019 and 2020 was linked to the use
of e-cigarettes or vaping products containing THC, highlighting the potential dangers of using vaping
products obtained from informal sources which may contain harmful additives or contaminants (13).
In addition, the use of e-cigarettes to vape other substances, including psychedelics, alcohol, and
synthetic cannabinoids, has also been reported (14, 15). The use of e-cigarettes to vape these
substances may increase the risk of harmful effects, as e-cigarettes may deliver higher doses or more
potent forms of the substances compared to other methods of consumption.

1.c. Approaches being taken in Queensland schools and other settings relevant to children and
young people to discourage uptake and use of e-cigarettes.

Schools have taken a variety of approaches to discouraging uptake of vaping among students. These
include disciplinary action, such as suspensions and expulsions for students found to be in
possession of vaping products or to be caught vaping at school. Other approaches have been aimed
at increasing detection of vaping among students, such as installation of ‘vape detectors’ in toilet
blocks and discussion of constructing toilet blocks in ways that will facilitate observance of vaping
(e.g., ‘open air’ designs, transparent doors). Locking toilet blocks to prevent children using them as
places to vape is widely reported as a deterrence measure.

There is no evidence that any of these punitive measures are effective for deterring vaping among
young people and there are potential harms associated with these approaches, many that are likely
to be more harmful than the risk of vaping. For example, a student who is suspended from school is
can become disengaged from their education resulting in long-term social problems, as well as
escalating their vaping and other substance use.

Some schools have adopted educational approaches to increase knowledge of potential harms, to
motivate students to remain ‘vape free’ and to build refusal skills when offered an e-cigarette. These
include ‘once off’ education sessions from an outside visitor, and programs delivered in the
classroom. The quality of these educational approaches is highly variable and there are potential
risks with poorly delivered educational sessions. For example, special one-off presentations can
generate the impression that vaping is more common than it is, which normalises the behaviour,
ironically generating more interest in vaping and increasing use. There is evidence from overseas
that school-based vaping prevention programs can increase vaping rather than reduce it (16). Our
Futures Vaping is an evidence-based program that is currently being trialled in Queensland Schools
(https://ourfuturesvaping.org.au/), but the results will not be available for some time (see FAQs
about the program on following pages).

Dovetail, an arm of Queensland Health’s Insight Training and Education Program that is delivered by
Metro North Mental Health’s Alcohol and Drug Service have also developed resources following
requests for assistance about youth vaping, including from schools (see factsheet on following
pages). Dovetail recommend integrating dealing with vaping into a broader alcohol and other drug
use program. Dovetail have also developed a tool to assist youth drug and alcohol workers to
conduct a brief intervention and a range of resources that can assist schools to manage the issue.
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What is the OurFutures Vaping Study?

The OurFutures Vaping Study is the first trial of a school-based eHealth prevention program targeting
adolescent e-cigarette use in Australia.

Who is behind the OurFutures Vaping Study?

The research is led by health and education experts from the University of Sydney, the University of
Queensland, Curtin University, Monash University, the University of New South Wales, and the
University of Newcastle. The OurFutures Vaping Program was developed in collaboration with students
and teachers across Australia. The study has been approved by the Human Research Ethics
Committees of the University of Sydney (2022/818), University of Queensland (2023/HE000082) and
Curtin University (HRE2023-0059).

Do | need to pay to use the OurFutures Vaping Program?

No. Access to the OurFutures Vaping Program is currently for the purpose of research that is supported
by the Medical Research Future Fund.

How do | gain access to the OurFutures Vaping Program?

If your school has agreed to take part in the study, you can gain access to the OurFutures Vaping
Program via https:/fourfuturesvaping.org.au/ (htips fourfuturesvaping org.au/) and registering for an account
using the unique code provided to your school.

If you are interested in being part of this program, please contact us |ontact). Likewise, if you are part of
this research but having trouble logging on, please contact us (fcontact),

What if | no longer want to participate in the OurFutures Vaping Study?

If you (or your child) are currently participating in the OurFutures Vaping Study and would like to
withdraw from the study, please contact us. Your decision to withdraw will not affect your/their
relationship with the researchers or anyone else at the University of Sydney or collaborating institutions
now or in the future.

Technical requirements

The QurFutures Vaping Program requires a stable internet connection and access to a web browser.
The program has been tested using Chrome, Microsoft Edge, Firefox and Safari. If you have any
technical issues accessing the site, please contact us (contact),

What does evidence-based mean?

To say that a resource is "evidence-based" is to say that it is informed or supported by evidence. The
evidence that supports or backs up a particular resource may take different forms. In the case of the
QurFutures Vaping program, “evidence-based” means that the information provided comes from
reliable information sources and is backed by scientific research studies. In addition, all of the
information contained in the QurFutures Vaping program has been reviewed by health and education
experts.

Contact us

If you have a question or comment that is not answered in these FAQs, please contact us [jconsc)

https:/lourfuturesvaping.org.au/fags 12



EFFECTIVE RESPONSES T0 VAPING IN SCHOOLS

Unregulated disposable vapes have become increasingly popular with young people. While there are health benefits for adult
smokers who switch to prescribed nicotine vapes, this is not the case for young people who are non-smokers. Unregulated

disposable vapes are frequently mislabelled as nicotine free despite often containing nicotine.

Schools play a key role in helping young people to stay safe and to make healthy decisions. This factsheet provides an overview of
existing evidence-based responses to alcohol and other drugs through a "whole school approach”.

C['%‘_lzl

Review School alcohol and other drug
(AOD) policy

Align school palicies, practices and
programs so that the response to AOD
issues is holistic. While vaping is a new
phenomenon, we should use the same
principles that we use to respond to
other substance issues.

%6

Support young people who are
nicotine dependent

Young people who are nicotine
dependent may have poor contral

over their vaping, and vape in places
where vaping is not allowed. Nicotine
withdrawal symptoms include difficulty
concentrating, irritability, restlessness.
Discuss withdrawal support options
with young people who may be
nicotine dependent.

One-off “special”
presentations

One-off presentations can leave
students with the impression
that vaping is more common

than it really is, which can
increase their intentions to
try it. Instead, incorporate
vaping into existing, ongoing
curriculum-based school AOD
education.

What can schools do?

g@nj

Include vaping into existing universal
school alcohol and other drug
education

Vaping and tobacco information should
be delivered together. The message
should be that none of these products
are for young people.

oo

Engage families in the response

Ensure families are involved in

the schools’ responses to vaping.
Encourage families to include vaping in
their own conversations about alcohol,

tobacco and other drug use with young

people.

What should be avoided?

Use of external presenters

Research on the use of external
presenters is inconsistent.
Evidence suggests that regular
classroom teachers are the
most effective at delivering
school AOD education. Teachers
need training and support to
deliver this effectively.

Q

Keep young people engaged in school

Disengagement from school increases
risk of developing a substance use
problem. Overly punitive responses
risk student disengagement. Develop
sustainable behavioural responses,

involve families and the whole school

community in the response.

2,

Report retailers who break the law

Viapes are smoking products under
Queensland law and subject to the
same restrictions as tobacco products.
Retailers cannot sell vapes to young
people under 18. Itis illegal to sell
vapes that contain nicotine without a
prescription. To report retailers illegally
supplying vapes call 13 QGOV (13 74
68).

Fear or scare tactics

Fear or scare tactics that over-
emphasize or exaggerate harms
are not just ineffective, they
damage our credibility. Young
people stop listening to us.
It's better to provide balanced,
factual information with a focus
on harms that are genuinely
likely to be experienced young
people.

Dovetail has a best practice guide “Alcohol and other drugs in schools” that includes a set of tools to enhance
a schncli s respnnse to alcohol and other drugs. To order a free print copy or download an electranic copy go to




1. CONCLUSIONS: Based on the limited data available on prevalence of e-cigarette use among youth
in Australia, it is likely to be a minority of adolescents who vape in Queensland and regular vaping
(e.g., 20+ days per month) is likely to be very low prevalence. While it is evident that e-cigarette use
is now present in many schools, calm and measured responses to the issue are needed. Integrating
vaping’ into a comprehensive approach to addressing alcohol and other drug use is likely to be a
more promising and effective way of managing the issue and minimising harms. The widespread
media reporting of the issue has generated substantial community concern among parents and
school staff, generated outrage that is leading to extreme reactions that may in themselves be
driving an increase in vaping through misperceptions of how common it is.

1. RECOMMENDATION: The ASSSAD is a key data collection for substance use among young people.
Public reporting of ASSAD findings needs to be prioritised as a matter of urgency. Furthermore, we
recommend that the frequency of the data collection be increased and that the datasets be made
available to independent researchers to study. Currently, access to the dataset for secondary
analysis is highly restricted, which limits the valuable contribution that this resource could make to
understanding the problem and developing solutions. Conducting other targeted surveys, such the
International Tobacco Control Policy Evaluation Youth Survey would also be highly valuable for
tracking trends with international comparisons. Currently, the lack of quality data is a major
limitation to understanding the scope of the problem and to evaluating what works.

2. a. Opportunities to increase awareness of the harmful effects of e-cigarette use (with and
without nicotine) to an individual’s health, and the effectiveness of preventative activities;

There is limited Australian data on perceptions of the health effects of e-cigarettes. Research with
Australians aged 18-30 recruited via a market research company found that more than 80% were
aware that e-cigarettes contained chemicals and that they were addictive. 80% agreed that e-
cigarettes are bad for your health (17).

Research with Australian adolescents and young people (17-19) has found that:

e Most teenagers have a moderate level of knowledge about how e-cigarettes work and
“vague” knowledge about ingredients

e Most teenagers believe that vaping is addictive

e Most teenagers agree that vaping is harmful and believe that it has negative effects on lungs
and other health impacts.

Communicating about the potential health risks of vaping is complex for two main reasons:

1) There is insufficient data on the long-term health effects of using e-cigarettes

2) Using e-cigarettes will increase health risk in those who do not smoke cigarettes, but is likely
to reduce health risk in those who are already smoking cigarettes if they switch completely
to e-cigarettes (20, 21)

There is a risk that if the potential harms of vaping are presented in isolation from those of tobacco
smoking, that the public may incorrectly believe that tobacco smoking is less harmful than vaping.
Internationally, survey studies with adults have found that the incorrect belief that vaping is more
harmful than smoking cigarettes has increased over time in the US (22) and the European Union
(23). A systematic review conducted by some authors of this submission found that for adults,



providing relative risk information about vaping, i.e., presenting the harms in relation to those of
smoking, can increase accuracy of risk perceptions, increase intention to quit smoking and to switch
from smoking to vaping (24).

2. b. Opportunities to increase accessibility and effectiveness of services and programs to prevent
uptake and continuing use of e-cigarettes.

Educating young people about the potential harms of e-cigarettes is important, but does not always
have the desired effect. For example, school-based vaping prevention programs in Canadian schools
were associated with increased vaping behaviours, compared to schools that did not introduce
vaping prevention programs (16).

A key reason young people cite for trying vaping is curiosity but social aspects and stress relief are
motivators of continued vaping (25-29). Any preventive programs or campaigns should address
these reasons for vaping and provide relevant skills building for dealing with stress and peer
influence.

There are few evaluations of e-cigarette prevention advertisements aimed at preventing youth use
of e-cigarettes. An evaluation of US FDA “Real Cost” ad campaign found that exposure to the vaping
prevention ads were associated with lower adolescent susceptibility to vaping, and less positive
attitudes towards vaping at follow up (30). Research with adolescents and young people have found
that prevention and cessation campaigns that appeal to them are those that: contain credible
information about the health effects of vaping, contain stories or personal anecdotes from people
their own age that they can relate to (25) and that are seen as authentic (31), and do not have a
judgemental tone (26).

It is very unlikely that school-based prevention programs and population-based strategies will
eliminate vaping in young people, so evidence-based strategies for addressing vaping in young
people are required. These should be non-judgemental and non-punitive. Qualitative research from
Australia (18) suggests that school nurses would be trusted to provide support for addressing vaping,
with parents and teachers less trusted and credible. Doctors were seen as a “last resort” due to
privacy concerns and the difficulty of obtaining an appointment without parental knowledge.
Anonymous online chat services were also a mode of delivery that teenagers were comfortable with.

There is an urgent need for evidence of what programs work for preventing youth vaping and in
assisting young people to quit or to reduce harms associated with vaping. However, there are
resources that have been developed by Dovetail for use in Queensland. Dovetail have also
developed ‘Vape Check’ which is a brief intervention designed for use with young people. Such
programs and training of drug and alcohol workers, particularly those who work with young people,
and youth mental health services could be trained in addressing vaping. There are school based
education programs that are currently being trialled throughout Australia and in Queensland schools
(Our Futures Vaping Program), which will provide evidence on the effectiveness of the program.
Youth AOD and mental health services should also be equipped with skills in treating tobacco
dependence and nicotine vaping dependence, and given support to provide access to quality vaping
products via prescription in some circumstances (such as where a young person has a dependence to
vaping and is using illicit products), following a harm reduction paradigm. Such prescribing is not
currently supported by RACGP, but would be better than a young person continuing to use illicit
products and could facilitate addressing their nicotine dependence through medical management
and tapering off or transitioning to nicotine replacement therapy products.



Media reporting of youth vaping

Media reporting in Australia has often included images of vaping products that may appeal to young
people, e.g., showing vape plumes or bright and colourful packaging. Sensational media reports
about a ‘youth vaping epidemic’ or ‘crisis’ may also give young people the mistaken idea that
“everyone is doing it” and increase susceptibility to vaping by ‘normalising’ the behaviour.
Furthermore, the information provided in some of these reports about vaping is at risk of being a
form of advertising and promotion of the products to young people as they sometimes feature
information about specific products, such as those that facilitate ‘stealth’ vaping (see examples).
Similarly, the media reporting of widespread selling of under counter nicotine vaping products may
also normalise the practice among retailers, leading to the impression of there being little risk of
penalty for illicit selling.

Kids as young as 10 are being caught at school with e-cigarettes as high school students

puff in class on smoking “vape” devices disguised as highlighters — with vaping now rated
by teachers as the most serious disciplinary issue they have faced.

But just a quick search of Facebook marketplace reveals a dark underbelly of easily
accessed products, with dozens of local advertisements for “fruit sticks”, “fruit bars”
“disposable fruit” or “fruit candy”™- all online codes for vapes — selling for as little as $15.

“Assorted flavoured and colours available — DM for details!”, one states, while another

offers “fruit bars in bulk, discounts available”.
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Message Save Share More

Seller information See Protils
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€3 Joined Facebook in 2017

Gold Coast, QLD

Location is approximate

Details
Condition New >
FRUIT Sticks
Description $20 per item - In stock
Fruit Flavoured Sticks. Listed over a week ago in Brisbane, QLD
GPod and IG?T.
Massive range and flavours. @ Send seller a message
Message for more details.
Bulk availahle_ Hello, Is this still available?
sellers are refamng 1o vapes a5 fruir sticks’ smong other fond-rel sted tarme. Picouns
Supplied

Images and text from Courier Mail news stories on youth vaping



'Discreet’ vapes being used in schools

Hoodies: A vape pen is inserted in the end of one of the hoodie’s specially designed
tubed drawstrings. The pen is then slid into a discreet chest pocket, and users inhale
through a mouthpiece on the other end of the drawstring. This allows the plume of
vapour emitted from the pen to be concealed inside the drawstring’s tube. These are
available online, and retail for about $209. “Look fly while vou discreetly smoke
from this vaporiser hoodie. This wonder-garment allows you to blaze up your
favourite waxes, oils, and e-juices through a secret opening in the drawstring so that
vou can puff the magic dragon without arousing suspicion,” an advertisement states.

Backpacks: Generally containing a pouch to hold the vaping device with concealed
tubing and a mouthpiece in the shoulder strap, the user can then pull it out for
discreet use.

Asthma puffers: “Stop getting those disapproving looks when vou try to self
‘medicate’ in public by taking your ‘medicine’ with the asthma inhaler vaporiser,” an
online ad for vape in the shape of a ventolin puffer states. For about $165, it tells
users “this pocket sized vape is your key to discreetly high times”.

iPhone cases: Made to fit over a smartphone just like a normal case, but with a big
difference: you can attach an atomiser to it and vape e-liquids. Online from just $99:
“Puff on your favourite concentrates without constantly having to worry about
charging vour vape by using this iPhone vaporiser case. Apart from shielding your
phone, it comes with two refillable VQ sticks that you can use for both oils and
waxes.

Writing pens: Described as “more sophisticated” than vape utensils that merely look
like pens, these double as writing instruments. All the user has to do is unscrew the
top of the pen, insert a cartridge and then vape through the top of the pen.

Smart watches: These watches display the time and conceal the vaping apparatuses

in the wristband. A press of a button allows the user to remove a pod from the
watchband which can be used as a vape.




News reports about vaping should comply with the Australian Press Council recommendations for
the reporting of drug and drug addiction in the Australian press (32), including:

e Responsibly report public debate about drug use and addiction

e The harmful effects of any particular drug should not be exaggerated or minimised

e Guard against any reporting which might encourage readers’ experimentations with a drug,
for example highlighting the ‘glamour’ of the dangers involved.

Specific guidelines should also be developed for the responsible reporting of youth vaping.

Accessibility of vaping products

Restrictions on the retail availability and promotion of vaping products may help reduce vaping
prevalence, prevent relapse and uptake, and promote health equity. Growing international evidence
has highlighted the sociodemographic disparities of retail accessibility and its influence on vaping
related behaviours among youth. Studies from the United States found that vape retailers were in
closer proximity to schools and more densely distributed in school districts with higher proportions
of African American and Asian populations (33), higher vape store density was associated with
higher poverty (34), and inequalities of vape retailer density among youth and low-income
populations (35). However, associations between place characteristics of vape stores and priority
populations have also shown mixed results (35, 36) which may suggest that retail location choices
may be unique to area-level marketing strategies (34). There is also evidence to suggest that vape
retailers’ targeting of young adults, particularly by clustering around college campuses (37-39).
Additionally, the density of e-cigarette retailers around schools in New Jersey was significantly
positively associated with ever and past-month e-cigarette use among high school students, and
increasing levels of self-reported exposure to e-cigarette advertising increased the probability of
past-month e-cigarette use (36). While there is little surveillance data on the e-cigarette retail
environment in Australia, evidence from Western Australia indicates a proliferation in the retail
availability of e-cigarettes between 2017 and 2019 among various types of retailers including
tobacconists, vape shops, supermarkets, service stations, and smoke shops (40). Furthermore, the
majority of vape shops (57%) were located in the lowest area of socio-economic disadvantage (40).
This is consistent with evidence from New Zealand which found more than half of outlets selling
electronic nicotine delivery systems were located in areas of high deprivation (41). Of particular
concern, the promotion of e-cigarette products in stores which are accessible to those under 18
years old (e.g. supermarkets, service stations, and tobacconists) included products displayed next to
confectionary items, and signage indicating minimum age of purchase was not observed in these
retailers (40), highlighting a need for stronger regulation of advertising to reduce product exposure
to youth. However, the true public health impact of e-cigarette retailer proximity and density in
Australia, and their potential influence on vaping related behaviours, is currently unknown due to
the lack of e-cigarette retail surveillance, thus warranting greater monitoring and regulation.

While there is currently limited evidence regarding the relationship between accessibility of vaping
products (e.g. proximity and density of retailers) and vaping behaviours, we can learn from the
current global evidence regarding the influence of accessibility of tobacco retailers on smoking
behaviour. Multiple reviews have investigated the effect of tobacco retailer density and proximity on
adult and youth tobacco use, with many reporting positive associations between density and various
smoking behaviour measures and smoking initiation (42-46), but associations were less consistently
reported for proximity measures (44, 45). The most recent meta-analysis included 27 studies and



found lower rates of tobacco use were associated with decreased tobacco retailer density
(RRR=2.55, 95% Cl 1.91 — 3.19, k=155) and proximity (RRR=2.38, 95% CI 1.39 to 3.37, k=100) (47).
Furthermore, disparities in tobacco retailer density between sociodemographic (48-52), geographic
(52, 53), and racial groups (49, 51, 52) have been found, indicating a higher density of retailers
among priority populations with higher rates of tobacco smoking. As such, global policies to reduce
the supply of tobacco products (54) include limitations on the density of tobacco retailers in a
defined area (55), the proximity of retailers to youth-related services (56), and the types of retailers
that can sell tobacco (57, 58). Given the rapid proliferation of vaping product availability, primarily
within existing tobacco retailers, and increasing vaping uptake among youth, future supply reduction
policies should seek to prioritise restrictions on retailer proximity and density to limit the promotion
and advertising of such products near youth-related services.

Promotion on social media

The surge in youth vaping is paralleled by a significant volume of pro-vaping content on social media
platforms, with 60% of the content lacking age restrictions (63-65). E-cigarette industry employs
increasingly sophisticated marketing strategies, including paid endorsements by “social media
influencers”, without disclosures of financial interests. Regulating social media poses challenges due
to the borderless nature of the internet and the increase in youth online media consumption. A
recent study found that while youths were sceptical about advertisements, they were more likely to
be swayed by user generated content (66). Considering the broad reach of social media, any posts
that reach a large audience can have a significant impact, even if the individual level effects of
vaping is small.

3. Consideration of waste management and environmental impacts of e-cigarette products.

There is increasing concern about the environmental impacts of e-cigarette products, particularly
disposable devices (59). These devices contain lithium ion batteries, plastic, heavy metals, chemical
waste, and are designed to be discarded after their contents have been used (60). The products are
difficult (or impossible) to recycle and manufacturers fail to provide guidance to consumers on how
to dispose of the them appropriately. They also contribute to resource depletion (61). Pod-style
devices also have a large environmental footprint due to the use of pods made of plastic which are
often improperly discarded into the environment (62).

Environmental and public health organisations in Australia have called for actions to address the
issue of e-cigarette waste. Options include banning or restricting the availability of disposable
devices (which are also the devices that young people are most likely to use), introducing a product
stewardship scheme for vaping and tobacco product waste, requiring consumer guidance about
disposal of vaping products on product packs (for example, that they should not go into a normal bin
as they contain a battery), and consumer education about environmental impacts.

4. A jurisdictional analysis of other e-cigarette use inquiries, legislative frameworks, policies and
preventative activities (including their effectiveness in reducing e-cigarette use).

The Standing Committee on Health, Aged Care and Sport (House of Representatives) conducted an
Inquiry into the Use and Marketing of Electronic Cigarettes and Personal Vaporisers in Australia in



2017 and the Select Committee on Tobacco Harm Reduction (the Senate) conducted an inquiry into
tobacco reduction strategies in 2020, with a large focus on nicotine vaping products.

The New Zealand Government conducted a consultation on their regulation of nicotine vaping
products in 2023 https://www.beehive.govt.nz/release/stronger-measures-proposed-tackle-youth-

vaping.

Johns Hopkins University hosts a database of country-level laws that regulate e-cigarettes or other
electronic nicotine delivery systems.

https://globaltobaccocontrol.org/en/policy-scan/e-cigarettes
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Executive summary

Chapter 1: Introduction

Objective of the report

This report is the eighth in a series of independent reports originally commissioned by
Public Health England (PHE) and now the Office for Health Improvement and Disparities
(OHID) in the Department of Health and Social Care. The series aims to summarise the
evidence on vaping products and to inform policies and regulations.

Alternative nicotine delivery devices such as vaping products can play a vital role in
reducing the huge health burden caused by cigarette smoking, which remains:

o the largest single risk factor for death and years of life lived in ill-health globally
e aleading cause of health inequalities in England

e the second most important risk factor for death and disability-adjusted life years
globally

Issues addressed

This current report focuses predominantly on the potential health risks of vaping. We
carried out a systematic literature review of the health risks of vaping and divided the
findings into chapters. These include:

e biomarkers of exposure to nicotine and potential toxicants

o biomarkers of potential harm to health cutting across several diseases, including
cancer, respiratory and cardiovascular diseases

o biomarkers specifically associated with cancer, respiratory, cardiovascular or other
health outcomes

e poisonings, fires and explosions
e nicotine

o flavours
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This report also covers the latest evidence on prevalence and characteristics of vaping in
young people and adults in England, with a focus on the data emerging since our last
report published in early 2021. It looks at the prevalence of heated tobacco product use in
England, incorporating a summary of the latest Cochrane Review on heated tobacco
products, and a new systematic review on harm perceptions of vaping products and
interventions to affect perceptions.

Our report does not cover 2 important issues. We felt these issues were either being
addressed comprehensively elsewhere or had been covered in our previous reports. So,
we did not examine:

The relationship between vaping and subsequent smoking. This is because a new
Cochrane Review on electronic cigarettes and subsequent cigarette smoking in young
people is examining the existing literature about this, among people under 30 years old.

The evidence for the effectiveness of vaping to help people who smoke quit. We have
covered this topic in our previous report, and the Cochrane collaboration has an ongoing
(updated monthly) systematic review on electronic cigarettes for smoking cessation. This
Cochrane review examines the effectiveness of using electronic cigarettes to help people
who smoke tobacco achieve long-term smoking abstinence and searches for updates of
the evidence monthly.

Throughout our report, we have also tried to reflect on changes in England since our first
report in 2015. This may also help to understand underlying trends, given the influence of
COVID-19 recently on the availability of data and on smoking and vaping behaviours.

Terminology

As in our 2020 and 2021 reports, we use the term ‘vaping products’ to describe e-
cigarettes and refill containers (e-liquids) intended for nicotine vaping. Some vaping
products do not always contain nicotine. Where studies explored products without nicotine,
we refer to them as non-nicotine vaping or vaping products.

We use ‘vapers’ to refer to people who regularly use vaping products and ‘vaping’ as the
act of using a vaping product. These terms do not include cannabis vaping or the vaping of
other legal or illegal substances, which are not the subject of this report.

Vaping regulations and guidance

Here we summarise the main regulations in England governing vaping products and their
surveillance, the Medicines and Healthcare products Regulatory Agency (MHRA) safety
monitoring, relevant government strategies and consultations, recent reports on
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regulations, the National Institute for Health and Care Excellence (NICE) tobacco
guideline, as well as selected international developments.

Main findings

Regulations and licensing

Vaping products containing nicotine are regulated under the Tobacco and Related
Products Reqgulations 2016 (TRPR), and need to be notified to the MHRA and comply to
certain standards (for example, nicotine content is limited to 20 milligrams per millilitre
(mg/mL)) before they can be legally sold in the UK. An analysis of notifications in 2016 to
2017 found that notified products were unlikely to cause serious harm.

Vaping products that do not contain nicotine come under the General Product Safety
Regulations 2005, enforced by local authority trading standards.

Medicinally licensed vaping products are exempt from the TRPR and currently there is no
licensed product in the UK. Although, in October 2021, MHRA published updated guidance
to provide clearer information on the process and help speed up review times.

Adverse advents

MHRA also collects information on adverse events believed to be associated with vaping
products containing nicotine through its Yellow Card scheme. Between 20 May 2016
(implementation of TRPR) and 13 January 2022, MHRA received 257 reports of adverse
reactions (26 of those since January 2021). Each report represents an individual for whom
more than one adverse reaction could have been reported. A report is not proof that the
reaction was caused by a vaping product, just that the reporter thought it might have been.

Since January 2021, the MHRA has considered 14 of the reports as serious and no
fatalities were reported.

Adverse reactions to licensed smoking cessation medications are also reported to the
MHRA. In 2021 there were 297 reports for nicotine replacement therapy (NRT) and 78 for
varenicline. Varenicline has been unavailable since June 2021, further limiting effective
pharmaceutical options for smoking cessation.

Age of sale

It is illegal to sell vaping products to anyone aged under 18 and to buy vaping products for
anyone under 18. There is a loophole in the legislation allowing free samples of vaping
products to be given to people of any age. Surveys by the Chartered Trading Standards
Institute to capture tobacco control activities, including enforcement of age of sale vaping
and tobacco product laws, have not been carried out since 2020.
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A specific project in Scotland between October and December 2021 focused on single use
disposable vaping products. It found that most products had not been notified as required
with many above the 20mg/mL nicotine content limit. It also identified some violations of
age of sale laws. A review of the age of sale legislation in the UK published in January
2021 concluded that overall, it had achieved its original goal of reducing uptake among
under 18s.

Smokefree ambition

A government consultation in 2019 — Advancing our health in the 2020s — outlined a new
ambition for England to be smokefree by 2030 (meaning only 5% of the population would
smoke by then). It included an “ultimatum for industry to make smoked tobacco obsolete
by 2030, with smokers quitting or moving to reduced risk products like vaping products”.

The All-Party Parliamentary Group on Smoking and Health made recommendations to
help achieve the smokefree 2030 ambition. These included reducing the appeal and
availability of vaping products and other nicotine products to young people and to update
its guidance for medicinal licensing of vaping products.

Advertising and social media

A review of vaping product marketing in the UK between 2016 and 2019 found high
compliance with the advertising code in advertisements, but not in social media posts. It
found that young people who had never smoked or vaped noticed posts relating to vaping
more than adults who smoked. However, compared with the US and Canada, UK
regulations were found to have limited exposure to marketing among adults and young
people.

Recent and upcoming developments

In March 2022, OHID published the post-implementation review of the TRPR. The review
assessed whether the regulations had met their objectives. This review concluded that the
evidence indicated the TRPR’s main objectives were being met, and provided a strong
argument for retaining the regulations. It also proposed some amendments which could
help support the government’s smokefree 2030 ambition.

A new tobacco control plan for England will be published in 2022 and is expected to
outline the government’s strategy for England to become smokefree by 2030. The 2017
tobacco control plan, Towards a smoke-free generation, set out ambitions up to 2022 and
remains in place, although progress towards meeting the ambitions has been mixed.

The government also commissioned an independent review of tobacco control, which was
published in June 2022. It makes recommendations for the best ways to address the
health inequalities caused by smoking and to achieve the smokefree 2030 ambition.
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Vaping products which do not contain nicotine and are regulated through the General
Product Safety Regulations 2005 are less strictly regulated than products that contain
nicotine, so their regulation requires further consideration. As other non-tobacco nicotine
products (such as nicotine pouches) emerge in the UK, it seems appropriate to review
regulations for these products at the same time.

In November 2021, NICE published a new comprehensive guideline on tobacco, Tobacco:
preventing uptake, promoting quitting and treating dependence, which includes guidance
on:

e preventing uptake of smoking

e promoting quitting

e treating tobacco dependence

e discussing vaping products with patients to help prevent or stop their tobacco use
It also makes recommendations for policy, commissioning and training.

We also summarise recent international developments in vaping product policy, including
in the EU, the US, Canada, Australia and New Zealand.

Implications

The smokefree 2030 ambition and developing a new tobacco control plan for England
provide an opportunity to review all vaping (and other nicotine and tobacco) regulations.
This will ensure that regulations are appropriate and help smokers quit, while managing
the risk of uptake for people who have never smoked.

The next tobacco control plan also provides an opportunity to set out the plans needed to
achieve the smokefree 2030 ambition and to set intermediate targets for smoking
prevalence in different disadvantaged groups.

The continuing lack of a medicinally licensed vaping product is of concern and may require
further review of the process involved.

There needs to be consideration of whether some aspects of packaging of vaping products
need restricting.

The review of vaping product marketing suggests the UK needs to substantially strengthen
its enforcement of marketing regulations on social media.
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There is an opportunity to standardise the notification processes using the MHRA
database of notified vaping products. This would enable research and help to maximise
harm reduction potential.

Local authority trading standards efforts have been scaled down and compliance with
regulations is not enough to prevent underage sales and access to illicit products. Also,
more frequent surveillance of single-use disposable vaping products is needed. There is a
danger that the reduction in local trading standards officers and restructure of the MHRA
could result in a lack of surveillance of these products. This could undermine the approach
and regulatory framework for vaping products adopted in England.

Lessons should be learned from the mislabelled US 'e-cigarette, or vaping, use-associated
lung injury’ (EVALI) outbreak. These lessons include the impact of miscommunications
about nicotine vaping compared to vaping contaminated illicit substances.
Communications about EVALI should clearly separate vaping these illicit substances from
nicotine vaping. Also, communications about any future cases or outbreaks of poisonings
or injuries should be clear about the implicated substances.

Chapter 2: Methods

We used data from 2 surveys for information on smoking and vaping among young people
in England. These were the:

e Action on Smoking and Health-Youth (ASH-Y) survey

e International Tobacco Control Policy Evaluation Project (ITC) Youth Tobacco and
Vaping survey (hereafter known as ITC Youth survey)

For information on smoking and vaping among adults in England, we used data from 4
surveys, which were:

ONS Annual Population Survey (APS)

Smoking Toolkit Study (STS)

Action on Smoking and Health-Adult (ASH-A) survey

ONS Opinions and Lifestyle Survey (OPN)

We reported NHS Digital data from stop smoking services on supported stop smoking
attempts in England, and from the National Poisons Information Service and London Fire
Brigade on suspected poisonings and fires caused by vaping products.

20



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

We conducted 2 systematic reviews, one on the health risks of vaping and one on vaping
harm perceptions and also summarised findings from a recent Cochrane Review on
heated tobacco products.

For chapters on vaping associations with health risks, we first summarised evidence from
previous reports by PHE, the National Academies of Sciences Engineering and Medicine
(NASEM) and the Committee on Toxicity of Chemicals in Food Consumer Products and
the Environment (COT). We then presented findings from our systematic review. To
summarise evidence on the health risks of vaping, we developed an algorithm to assess
whether to conduct meta-analyses. Details of the algorithm are presented in table 6 in
chapter 2 of the full report.

Chapter 3: Vaping among young people

Data collection

Data reported in this chapter were collected in February 2021 (from the ITC Youth survey),
in March to April 2021 (from the 2021 ASH-Y survey) and we also report prevalence data
from the ASH-Y 2022 survey carried out in February to March 2022.

In response to the COVID-19 pandemic, schools were closed in England between 4
January and 15 March 2021, and there were tight restrictions on social gatherings
between 4 January and 19 May 2021. Although no restrictions were in place during 2022
data collection, it is likely that there are ongoing effects of the 2 years of social restrictions
on young people. So, conclusions in this chapter may be greatly affected by the COVID-19
regulations.

Main findings

Smoking and vaping prevalence
2022 ASH-Y survey data (11 to 18 year olds) showed:

e smoking prevalence (including occasional and regular smoking) was 6.0% in 2022
(compared with 4.1% in 2021 and 6.7% in 2020)

e vaping prevalence (including occasional and regular vaping) was 8.6% in 2022
(compared with 4.0% in 2021 and 4.8% in 2020)
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2021 ITC Youth survey data (16 to 19 year olds) showed:

e smoking prevalence (defined as smoking more than 100 cigarettes in their life and
having smoked in the past 30 days) was 7.9% in February 2021 (compared with 8.5%
in February 2020 and 6.2% in August 2019)

e vaping prevalence (defined as vaping on more than 10 days in their lifetime and having
vaped in the past 30 days) was 9.1% in February 2021 (compared with 9.4% in
February 2020, and 7.7% in August 2019)

Overall, data from the 2021 ASH-Y and ITC Youth surveys were broadly similar for
comparable age categories. Vaping among 19 year olds has been steadily increasing in
the ITC Youth data over recent years.

The 2022 ASH-Y data suggests that overall nicotine use (via smoking or vaping) has
increased over the past year, being 11.1% in 2022 compared with 6.2% in 2021. In 2015,
the proportion was 7.7%.

Based on the socio-economic grade of 11 to 18 year olds in the 2022 ASH-Y survey, the
estimates for smoking and vaping prevalence were similar for the more advantaged
groups in social grades A, B and C1 (5.8% for smoking, 8.4% for vaping) to more
disadvantaged groups in social grades C2, D and E (5.4% for smoking, 8.1% for vaping).
This was a departure from previous years. For example, in 2021, the estimates for
smoking and vaping prevalence were higher among the more advantaged groups in social
grades A, B and C1 (4.6% for smoking, 4.4% for vaping) than for the more disadvantaged
groups in social grades C2, D and E (2.8% for smoking, 3.0% for vaping), similar to ASH-Y
data from previous years.

The 2022 ASH-Y data showed that most young people who had never smoked were also
not currently vaping (98.3%). This was consistent with the 2021 ASH-Y and 2021 ITC
Youth data, although the proportions were higher (99.2% and 99.1% respectively).

Vaping devices

Disposable models (which are pre-filled with liquid and used only once) were the most
popular type of vaping device in the 2022 ASH-Y survey. These were used by 52.8% of 11
to 18 year olds who currently vaped, and 18.7% used tank models (which are reusable
and rechargeable kits that users can refill with liquid). This was a stark difference from
previous years, where tank models were the most popular type of vaping device. For
example, in 2021, only 7.8% of current vapers reported using disposable models, whereas
41.0% used tank models.
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COVID-19

Young people from the 2021 ITC Youth survey reported an effect of COVID-19 on smoking
and vaping behaviour, which found:

e 8.0% of past year vapers reported quitting vaping
o 15% of past year vapers reported cutting down due to the COVID-19 pandemic

However, 15% reported vaping more as an effect of the pandemic. Similar patterns were
seen among young people who had smoked in the past year, with:

e 7% reporting quitting
e 20% reporting cutting down
e 18% reporting smoking more

These findings could contribute to the slight increase in former smokers (from 0.8% to
1.7%) and former vapers (from 4.6% to 8.6%) observed in the ITC Youth data between
2019 and 2021.

Reasons for vaping

The main reasons for vaping were to “give it a try” (48.8%, 2021 ASH-Y), and “liking the
flavours” (37.2%, ITC Youth). These reasons were most common among young people
who have never smoked or only tried smoking. Among young people who smoked, or had
smoked, in the ITC Youth survey, harm reduction, and quitting related reasons were
common.

In the 2021 ASH-Y survey, most 11 to 18 year olds who had tried vaping had smoked first
(38.7%), while 24.7% said they had vaped before they smoked and 29.7% said they had
tried a vaping product and never tried smoking.

Flavours

Fruit flavours were the most popular among young people who currently vaped (51.5% in
2021 ASH-Y). This was followed by “menthol/mint” (13.0%), then
“chocolate/dessert/sweet/candy” flavours (9.3%), similar to data presented in our 2021
report.

Access to vaping products

Although it is illegal to sell vaping products to under 18 year olds, many young people
under the age of 18 bought and owned their own vaping devices. In the 2021 ASH-Y
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survey, just under a quarter (24.8%) of young people aged 11 to 17 said that they were
given products by friends. But others also reported buying them, for example:

e 22.1% said they bought them from newsagents
e 22.1% said they bought them online
e 16.3% said they bought them from a supermarket

Similarly, in the ITC Youth survey, young people aged 16 to 17 who had vaped in the past
30 days commonly reported being given products (37.5%). Many also reported buying
products from shops (32.1%) or online (23.3%). Nearly two thirds (64.3%) of 16 to 17 year
olds from the ITC Youth survey who had vaped in the past 30 days reported they owned a
vaping product.

Nicotine

About a third (34.2%) of 11 to 18 year olds in the 2021 ASH-Y survey who currently vaped
or had vaped in the past reported always using vaping products that contained nicotine
and 20.4% reported always using nicotine-free products. Just over two-thirds (68.9%) of
16 to 19 year olds who had vaped in the past 30 days and had ever used vaping products
with nicotine, reported using nicotine in their current vaping product and 12.3% said their
vaping product did not contain nicotine.

In the 2021 ITC Youth survey, the most common nicotine strength used by 16 to 19 year
olds who had vaped in the past 30 days was reported to be under 20mg/mL (64.0%). A
total of 17.2% reportedly used a strength between 20 mg/mL and 49 mg/mL and 5.6%
reportedly used 50 mg/mL or over. Compared to 2019, fewer participants reported they did
not know the strength of their vaping liquid (from 19.6% to 7.3%).

About half (53.1%) of 16 to 19 year olds who vaped in the past 30 days reportedly used
nicotine salt e-liquid (a nicotine version which is smoother to inhale, has lower pH and is
absorbed faster into the bloodstream than freebase nicotine) similar levels to those seen in
2019 (56.6%). We also found that 40.4% did not use nicotine salts and 6.5% were unsure.
This has changed compared to 2019, where 30.6% did not use salts and 12.8% were
unsure. Overall, there was higher awareness of the inclusion of nicotine and type of
nicotine (freebase or salt) and fewer “don’t know” responses in 2021 compared to 2019.

Perceived addiction and urges to vape

Under half (42.8%) of 16 to 19 year olds in the 2021 ITC Youth survey who currently
vaped did not feel addicted to vaping, but half (52.5%) said they felt a little or very
addicted. In comparison, 14.5% of 16 to 19 year olds who currently smoked did not feel
addicted to smoking, and 83.0% reported they felt a little or very addicted.
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Just under half (44.5%) of 16 to 19 year olds in the 2021 ITC Youth survey who currently
vaped reported experiencing urges to vape almost daily or more than daily, and 16.8%
reported never experiencing an urge to vape. In comparison, 66.6% of young people who
currently smoked reported urges to smoke daily or multiple times a day, and only 4.7%
reported never having urges to smoke.

Just over forty per cent of 11 to 18 year olds in the 2021 ASH-Y survey who currently
vaped said they did not feel any urges to vape at all (41.5%), and 23.5% reported strong,
very strong or extremely strong urges to vape. In comparison, 24.3% of those who
currently smoked reported no urge to smoke and 31.4% reported a strong, very strong or
extremely strong urge to smoke.

Other tobacco and nicotine products

Just over one-tenth (11.0%) of 16 to 19 year olds in the ITC Youth survey reported ever
using a waterpipe, 4.0% reported ever using nicotine pouches, and 5.0% reported ever
using smokeless tobacco.

Implications

Further monitoring and research

Dependence on vaping assessed in 2021 appears lower than on smoking for young
people. Further research on dependence is needed, including dependence by type of
vaping product used, nicotine type and nicotine strength.

Vaping and smoking among young people appear to have decreased between 2020 and
2021 but then increased in 2022. So, it is important that trends continue to be monitored
by the government. The differences in estimates between the ASH-Y and ITC Youth
surveys in 2021 are likely due to differences in the age groups and a higher prevalence of
vaping among 19 year olds who are included in the ITC Youth but not the ASH-Y. There
are also possible lasting effects of the COVID-19 pandemic and its impact on smoking and
vaping among young people needs to be monitored.

Enforcement and further regulations

In 2022, higher vaping prevalence was reported across all age categories. So, as
recommended in our previous reports, enforcement of age of sale regulations for vaping
(and smoking) needs to be improved to reduce young people’s access to vaping products
and cigarettes.

The dramatic increase in young people using disposable vaping products should be
monitored with improved regulatory oversight. Also, the advertising, packaging and
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marketing of disposable products to young people should be investigated and, where
appropriate, proportionate action taken to reduce appeal to young people.

Chapter 4: Vaping among adults

Data reported in this chapter came from 4 different surveys. Most data were from the
Smoking Toolkit Study (STS), collected between January and September 2021, and the
2021 ASH-Adult (ASH-A) survey, collected in February and March 2021. Other data from
the ONS Opinions and Lifestyle Survey (OPN) and ONS Annual Population Survey (APS)
were collected in 2020. We also report some data from the most recent 2022 ASH-A
survey on smoking prevalence, vaping prevalence, the relationship between smoking and
vaping and the type of vaping products used.

Main findings

Smoking and vaping prevalence

Smoking prevalence among adults in England in 2021 was between 12.7% and 14.9%
depending on the survey and in 2022, based on ASH-A data, 13.2%. These equate to
between 5.6 and 6.6 million smokers.

There was variation in smoking prevalence by age, gender, socio-economic status and
ethnicity. Most notably, smoking prevalence remained significantly higher among adults
from more disadvantaged groups.

Vaping prevalence among adults in England was lower than smoking prevalence across
all groups and seemed to have increased by around 1 percentage point from 2020 to
2021, to between 6.9% and 7.1%. This equated to about 3.1 to 3.2 million vapers. In 2022,
based on ASH-A data, adult vaping prevalence in England was 8.3%.

There was some variation in vaping prevalence by socio-demographic groups and
smoking status. Using 2021 STS data, the highest vaping prevalence was among:

men (7.8%)
e people from the north of England (8.3%)
e people from social grades C2, D and E (8.8%)

e current smokers (22.0% compared with 11.6% among former smokers and 0.6%
among never smokers)
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Among former smokers, 27.9% of short-term former smokers (quit for less than one year)
used vaping products, compared with 9.9% of long-term former smokers (quit for longer
than one year). This is an increase since 2013 when 1.2% of long-term former smokers
vaped. In comparison, a small but steady proportion of long-term former smokers have
used NRT (around 2% to 4%) since 2013.

The proportion of vapers who also smoke had been declining since 2012, from 91.9% to
49.8% in 2020 in the STS survey and from 73.7% to 31.0% in 2021 in the ASH-A survey.
However, both STS and ASH-A surveys suggest a recent increase in the proportion of
vapers who smoke. The STS survey showed an increase to 51.7% in 2021, and the ASH-
A survey showed an increase to 33.4% in 2022. The discrepancy in estimates across
surveys is likely due to different definitions of smoking status.

Types of vaping device

In both STS and ASH-A surveys, tank models remained the most popular type of vaping
device, used by 59.3% of current vapers in the 2021 STS survey and 64.3% of current
vapers in the 2022 ASH-A survey. In the 2021 STS survey, different types of vaping
devices reported by current vapers included:

e 20.1% modular vaping products (where people use their own combination of device
parts)

e 14.9% cartridge models (a rechargeable vaping device that uses replaceable pre-filled
cartridges)

e 4.6% disposables (a non-rechargeable and non-refillable vaping device)

The 2022 ASH-A survey showed higher use of disposable vaping products than in 2021,
with 15.2% of current vapers reporting using disposable vaping products in 2022
compared with 2.2% in 2021.

Vaping frequency

Among adults who had ever vaped, daily vaping was associated with their smoking status.
Among never smokers who had ever vaped, nearly two-thirds (64.9%) had tried it once or
twice and 5.0% were vaping daily. Among current daily or non-daily smokers who had ever
vaped, around 27% vaped daily. Among former smokers who had ever vaped, more than
half (57.7%) vaped daily (2021 ASH-A).

Length of time vaping

ASH-A 2021 data suggested an increase in the proportion of current vapers who have
vaped for more than 3 years (23.7% in 2018, 29.3% in 2019, 39.2% in 2020 and 43.7% in

27



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

2021). People who had vaped in the past mostly stopped after 6 months of use or less
(57.2% in 2021).

Reasons for vaping

The most common reasons for vaping reported in the 2021 ASH-A survey were to quit
(27.9%) or stay off (17.7%) smoking tobacco or because people enjoyed it (12.6%).

Nicotine

In 2021, strengths of nicotine vaping liquids above those allowed by regulations (more
than 20 mg/mL) were used by less than 6% of vapers. Just over a third of vapers (34.0%)
reported reducing the strength of the nicotine vaping liquid they use since starting to vape,
31.4% continued using the same strength and 26.2% did not know if they had changed the
strength. Just 8.1% of people reported having increased the strength of the nicotine in
vaping liquid they use since starting to vape (2021 ASH-A). The proportion of vapers
unsure about the strength they are using has increased slightly over the last 2 years.

Flavours

Fruit (35.3%), menthol/mint (22.5%) and tobacco (20.9%) remained the most popular
flavours among vapers (2021 ASH-A).

Using vaping to stop smoking

Attempts to stop smoking and success rates for adults who tried to stop smoking
increased significantly in the last 2 years. This is most likely due to the COVID-19
pandemic. According to STS data, vaping products remained the most common aid used
in a quit attempt.

The 'Reaching Out' report from ASH has shown that stop smoking services have greatly
improved the provision of vaping products to support a quit attempt. In 2019, 11% of
surveyed local authorities offered vaping products to some or all smokers accessing stop
smoking services. In 2021, 40% of surveyed local authorities offered vaping products to
some or all smokers and a further 15% had plans to do so.

Between April 2020 and March 2021, quit attempts in stop smoking services that involved
using a vaping product (alone or in combination with medication) achieved self-reported
short-term success rates of 64.9%, compared with 58.6% for attempts not involving a
vaping product. Despite this, only 5.2% of quit attempts supported by a stop smoking
service involved a vaping product.
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Implications

Further monitoring and research

Vaping is more common among disadvantaged adult groups in society. This mirrors
smoking prevalence, and research should continue to explore the impact that higher
vaping prevalence has on stopping smoking and reducing health inequalities.

The continuing impact of COVID-19 on smoking and vaping among adults needs to be
monitored. This should include younger adults who start smoking and vaping and any
changing patterns in the data.

There needs to be further research into the increasing proportion of long-term vapers and
their motivation to stop vaping, and whether people who want to stop vaping need support.
More research is also needed into vaping among:

e never smokers
e younger adults
e people from ethnic minority backgrounds

A recent increase among these groups of using disposable vaping products warrants
further monitoring and research.

Implementing NICE guidance

The NICE guidance Tobacco: preventing uptake, promoting quitting and treating
dependence should encourage more stop smoking services to support smokers who want
to stop smoking with the help of a vaping product.

As we recommended in previous reports in this series, and as supported by the new NICE
guidance, all smokers should be supported to stop smoking completely, including dual
users who smoke and vape.
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Chapter 5: Nicotine

In this chapter we discuss the role of nicotine in vaping product use.
Main findings

E-liquids

As discussed in chapters 3 and 4, 2021 survey data from England shows that nicotine
would appear to play an important driver of adult vaping, but perhaps less so than for
tobacco smoking.

Most adults who vape (about 87%) use vaping products that contain nicotine. The
proportion was about 70% for 11 to 18 year olds, with about half of those saying that their
vaping products always contained nicotine, and half sometimes contained nicotine. Among
16 to 19 year olds who reported ever using vaping products with nicotine, and who had
vaped in the past 30 days, 83% said that their products contained nicotine or that some of
their products contained nicotine. Overall, the vast majority were using vaping products
with less than 20 mg/mL nicotine e-liquids and so complied with current vaping product
regulations.

Questions on the use of salt-based nicotine products as opposed to freebase nicotine
were not often included in surveys. Among 16 to 19 year olds, there was higher awareness
of the inclusion of nicotine and type of nicotine in 2021 compared to 2019. Among adults,
uncertainty about whether people who vape were using salt-based vaping products had
increased slightly over the last 2 years.

Nicotine intake

Previous reviews showed that nicotine intake from vaping products was variable and
dependent on different product characteristics. The updated evidence presented here also
provides conclusive evidence of this variability.

The updated evidence from pharmacokinetic studies (studies exploring how nicotine is
absorbed, distributed and eliminated from the body) on vaping show that in general,
vaping products provide lower peak nicotine levels and lower overall nicotine levels to
users than smoking provides. Also, the pharmacokinetic studies show that exposure to
nicotine from vaping varies by product characteristics. The studies suggested that
exposure to nicotine tends to increase when:

e using e-liquids with higher nicotine concentration

e using e-liquids based on nicotine salts rather than freebase nicotine
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e using tank or modular type vaping devices which provide more exposure than cartridge
or disposable models

e people with longer vaping experience vape, as they have more effective puffing
behaviour

The time taken to reach peak nicotine delivery from vaping products is usually slower
compared with smoking a cigarette. But this varies depending on the e-liquid nicotine
concentration and the type of vaping device. Flavours may also play a role in nicotine
delivery and we review this in chapter 6 on flavours.

The pharmacokinetic studies are consistent with the studies discussed in chapter 7 on
biomarkers of exposure to nicotine and potential toxicants which generally showed lower
exposure to nicotine when using vaping products over the short term (up to 7 days)
compared to smoking. However, there was moderate evidence, in medium to longer term
studies (up to 2 years), of similar exposure to nicotine from vaping compared to smoking.
For experienced adult vapers, there was substantial evidence of comparable exposure to
nicotine from vaping and smoking. There was supportive evidence that over time, people
who vape compensate for lower nicotine concentrations by compensatory puffing (such as
puffing more frequently, puffing larger volumes of aerosol, or taking longer puffs).

Nicotine dependency

There was substantial evidence from previous reports (from NASEM, COT and our 2018
report) that using vaping products can result in symptoms of nicotine dependency. There
was moderate evidence that the risk and severity of nicotine dependency for vaping is
lower than for cigarette smoking and would vary by product characteristics. The
pharmacokinetic studies reviewed are consistent with this.

Our review showed that there are many scales used to assess nicotine and vaping
dependency. But as yet, there is no consensus on which is the best scale to assess vaping
dependency. So, this makes assessing the risk and severity of vaping dependency
compared to tobacco smoking dependency difficult.

A recent systematic review examining the effects of nicotine concentration and flavours on
dependency found that higher nicotine concentrations might increase the abuse potential
and appeal of vaping and hence dependency. So, this could help someone completely
substitute tobacco cigarettes for vaping products. Also, preliminary evidence suggested
that flavours may interact with nicotine concentrations to affect abuse potential.

Health risks

We review the health risks of vaping in chapters 8 to 12.
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Isolating the effects of nicotine on health risks in human studies is complex, partly because
only a small proportion of people vape non-nicotine products. In general, where studies
assessed biomarkers in humans (measurements of potentially harmful smoking or vaping
effects in the body) through non-nicotine vaping as well as nicotine vaping, the different
methods used in each study made it difficult to compare, and so limited our conclusions.

One biomarker, pulse wave velocity (which measures blood pressure pulse through an
artery or arteries), did seem to be affected by nicotine in vaping products, at least in acute
exposure studies. Evidence from the reviewed animal and cell studies suggest some
adverse effects of nicotine, but the extent to which these findings can be generalised to
humans is currently very unclear.

Implications

Improved surveillance and further research

Questions in national surveys sometimes lag behind product developments, such as
guestions about people using salt-based vaping products or increasing their use of
disposable vaping products. Having an appropriately resourced product surveillance
system would help to ensure researchers can capture data on product developments.

Exploring how nicotine labelling could be improved could also be useful as there appears
to be an increase in adult users not knowing how much nicotine was in their vaping
products. It would also be useful to further explore the small proportion of adults who use
nicotine-free vaping products. For example, asking them how long and how often they use
these products.

Current evidence shows that more experienced vaping product users adjust their puffing
behaviour to attain higher levels of nicotine. However, this does not compensate for lower
overall nicotine exposure after a single vaping session compared with smoking a cigarette.
We found during longer-term vaping sessions or where a person can vape as much or as
often as they want to (ad libitum), experienced vapers reach levels of nicotine comparable
to those from smoking (as shown by nicotine biomarker data). Vapers' ability to adjust
their puffing behaviour to mirror smoking suggests that vaping enables users to carefully
control their nicotine levels. This could be a problem when people using vaping products
with lower nicotine concentrations compensate by increasing their puffing and so risk
increasing exposure to other constituents, including potentially harmful ones. We explore
this issue further in later chapters. A recent systematic review suggested that limiting
nicotine concentrations in vaping products might reduce smoking cessation.
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Future research should use more longitudinal study designs (studies that assess the same
people more than once over a period of time) to explore how, with more experience,
vapers change their:

e puffing behaviour
e nicotine intake
e dependency, over time

This is important for people who have smoked as well as those who have never smoked.
For people who have never smoked and start using nicotine through vaping,
measurements are needed across a range of vaping products and their characteristics.
This will help to assess whether higher nicotine limits (more than 20 mg/mL) affect a
person’s dependency on vaping, and how their vaping behaviour might interact with:

o free-base or salt nicotine levels
o flavours
e other characteristics (for example e-liquid PG/VG ratio)

Research on longer-term vaping behaviour would also allow researchers to clarify how
using different nicotine strength e-liquids over time is associated with dependency and
potential health risks.

Need for global standards and protocols

Having a global consensus for assessing and measuring nicotine and product dependency
would enable comparisons of nicotine and product dependency:

e between vaping and smoking
e across different vaping products
o with different groups of users (such as adults and young people).

In England, it is important for researchers to keep up to date on the ongoing research in
this area.

Agreeing a standard protocol for vaping product pharmacokinetic studies would also
enable meaningful comparisons across different vaping products and e-liquid
characteristics. However, more long-term ad libitum pharmacokinetic studies are also
needed to reflect how users’ personal experience and puffing behaviours affect nicotine
delivery and dependency.
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Isolating the risks of nicotine to health from the risks of other vaping constituents is difficult
in human studies compared to animal and cell studies. Having standards, particularly for
human cell research, may strengthen how widely or generally applicable such studies are
to vapers. Such standards would also be beneficial in helping to examine the effect of
nicotine in humans.

Chapter 6: Flavours

This chapter:

e describes the use of flavoured vaping products in England

e provides an overview of the role of flavours in vaping product use

e summarises the evidence on potential harm from flavourings in vaping products from
studies identified in a systematic review

Main findings

Use of flavours

As we identified in earlier chapters, fruit flavours are the most popular e-liquid among
adults and young people who vape in England, followed by "menthol/mint". There is some
evidence to suggest that non-tobacco flavours, particularly sweet flavours, may play a
positive role in helping people switch from smoking to vaping.

A systematic review of the evidence on youth use of e-liquid flavours concluded that
existing research does not yet provide a clear understanding of how flavours in vaping
products are associated with young people taking up or stopping smoking.

Potential toxicants in flavours

In 3 studies, levels of tobacco specific nitrosamines and volatile organic compounds were
significantly reduced in smokers and dual users who switched to vaping products with
different flavours. Biomarker levels slightly differed between flavours, but this was not
tested for statistical significance. Users of fruit-only flavoured vaping products had
significantly higher concentrations of a biomarker for acrylonitrile (CNEMA) compared to
users of a single other flavour in one study.

One longitudinal observational study of people who vaped found that:
o flavour preferences changed over time
e 6.9% self-reported an adverse reaction that they associated with the flavour they used
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e athird had ever used a cinnamon or cinnamaldehyde containing vaping product

Findings from 13 cell and 9 animal studies suggest there is limited evidence that some
flavourings in vaping products, particularly cinnamaldehyde, or buttery or creamy flavours
have the potential to alter cellular responses but less than exposure to tobacco smoke.
Exposure to propylene glycol or vegetable glycerine (PG/VG) base liquids without added
flavourings appeared to have little or no effect. It was not always possible to differentiate
the effect of nicotine or solvents from flavourings due to lack of appropriate controls. This
was further complicated by variability of e-liquid composition, cell types, dose exposure
and duration. Also, there was not a great deal of consistency about whether cells or
animals were exposed to e-liquids, aerosol extracts or aerosols.

There was only one study that looked at the stability of e-liquid flavourings over a period of
one year (and found they were stable), but no studies conducted assessments to see if
this changed how the flavouring tasted and felt over time.

Subjective effects

Two studies assessing acute exposure to flavoured vaping products, under controlled
conditions, found that nicotine delivery and ‘positive subjective effects’ (such as liking) for
flavoured vaping products were lower than for tobacco cigarettes. The studies also found
that positive subjective effects were greater for vaping products and tobacco cigarettes,
than for nicotine gum. There were mixed findings on whether or not the subjective effects
of flavourings were due to nicotine delivery or increased level of consumption.

A recently published systematic review concluded that flavours affected the abuse
potential (for example, liking a product and intending to use it again) of vaping products
through increasing product appeal. But it acknowledged that the effect of flavours on
smoking cessation needed further research.

Implications

Surveys in England should include detailed questions on the use of flavours (including
mixing different flavours) in vaping products annually, to track use over time. Longitudinal
data in adults and young people in England would also be helpful in assessing the health
effect of flavours in vaping products.

The findings of the systematic review support previous reports, our 2018 report, the
NASEM report and the COT review, which suggest cinnamaldehyde-containing vaping
products continue to be a cause of concern. The review also recommends that regulatory
bodies should review this flavouring chemical in e-liquids. Although there is less evidence
in this systematic review, some in vitro (laboratory cell-based) studies suggest buttery and
creamy flavoured e-liquids may also require further review.
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A more standardised approach is needed to evaluate the risks associated with flavourings
in e-liquids and aerosols in human and cell studies, independent of nicotine and PG/VG.
The evaluation framework devised by COT to aid risk assessment of flavouring
compounds via inhalation exposure could be considered by regulators at the time of
product notification.

COT also suggested that since flavourings can undergo thermal degradation or react with
other constituents in e-liquids, research is needed to fill the gap in our knowledge about
how heating affects flavours. This included looking at the extent to which thermal
degradation may be affected by users customising their vaping devices.

COT also suggested looking at the potential safety of exposure to mixing e-liquid flavours.

Also, further research is also needed about the stability of flavourings over time and
whether they degrade or not.

Chapter 7: Biomarkers of exposure

Evidence reviewed

This chapter examined findings from our systematic review on biomarkers of nicotine and
potential toxicants (chemicals or their metabolites in a body that show actual human
exposure to nicotine or tobacco products) relevant to our 2 review protocol questions:

1. The effect of vaping and secondhand exposure to vaping products that are associated
with the risk of health conditions.

2. The effects of vaping among people with existing health conditions on disease
outcomes.

However, we did not find a study addressing the second review question. Only one study
assessed participants with self-reported respiratory symptoms but did not test for statistical
differences across relevant groups. So, our review for this chapter is confined to our first
review question.

We assessed both relative (between vapers and smokers) and absolute (between vapers
and non-users) vaping risks associated with exposure to nicotine and potential toxicants
where the data were available. Where feasible, we included comparisons across different
population groups.

The included studies used a range of different designs and had varying quality or risk of
bias.
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The studies we have included used a range of different definitions of vaping and smoking.
For example, findings of some studies were confounded by classifying vapers who smoke,
occasional vapers and/or exclusive daily vapers as a uniform group, or comparing
occasional vapers with daily smokers. So, findings need to be cautiously interpreted.

Studies looking at participants at more than one time point mostly explored acute exposure
to vaping (single use to 7 days) or followed up participants for short to medium term (8
days to 12 months). So, we were unable to summarise findings on longer term (more than
12 months) vaping exposure, with some studies not allowing adequate wash-out periods
for biomarkers with longer half-lives.

In line with our algorithm (chapter 2, table 6), we carried out meta-analyses wherever
possible. But a lack of consistency in study designs, biomarker reporting, group definitions
and exposure periods resulted in only a few studies being included.

Here we summarise our findings for each biomarker for relative and absolute differences in
various populations of interest, starting with first-hand vaping exposure.

Main findings

Nicotine

There was substantial variation across the 60 studies included in this section looking at
nicotine exposure. Only 5 studies (4 longitudinal and one cross-sectional (measured at a
single point in time)) were from the UK. Levels of nicotine and nicotine metabolites in
participants using vaping products differed according to:

e study design
e definitions of vaping and smoking

e biomarker and biosample (a biological sample, which could include urine, blood
plasma, blood serum and saliva) used

e exposure duration

To assess relative exposures between vaping and smoking, we were able to carry out 5
meta-analyses of nicotine and nicotine metabolites (one longitudinal, 4 cross-sectional)
among people who vaped and smoked at least weekly. All found no significant differences
between people who vaped and smoked.

From the narrative summaries, evidence suggests that over time and with increased
experience of vaping, users can derive similar levels of nicotine as they can from smoking
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cigarettes. Levels of nicotine metabolites varied with vaping device characteristics (for
example, vaping device types, e-liquid nicotine concentrations).

To assess absolute exposures between vapers and non-users, we were able to carry out 4
meta-analyses of nicotine biomarkers which, as expected, showed significantly higher
levels among vapers than non-users. In general, findings from the narrative summaries
were similar for absolute nicotine exposures.

There were no discernible differences between adults and adolescent exposures to
nicotine and its metabolites.

Volatile organic compounds

Twenty-four studies assessed volatile organic compounds (VOCSs), with only 5 from the
UK. VOCs are potentially harmful gases released into the air, for example while smoking
tobacco. Again, there was considerable variation across the studies in:

e design
e definitions of vaping and smoking, biomarker measurements
e exposure duration

To assess relative exposures between vaping and smoking, we were able to carry out 15
meta-analyses of VOCs (4 longitudinal, 11 cross-sectional). Findings varied by biomarker.
In general, most findings showed statistically significantly lower levels of VOCs among
vapers than smokers, with substantial reductions in some biomarkers, such as the acrolein
metabolite 3-HPMA (71%), the acrylonitrile metabolite CNEMA (94%) and 1,3-Butadiene
metabolite MHBMA (83%). For a few VOCs, such as formaldehyde and toluene, available
evidence was inconclusive on the significant differences between vapers and smokers.

To assess absolute exposures between vapers and non-users, we were able to carry out
10 meta-analyses (all cross-sectional). All showed no significant differences between
vapers and non-users, except for the acrylonitrile metabolite CNEMA. One study showed
that average levels of acrylonitrile metabolite CNEMA for vapers were over 3 times higher
than those among non-users.

In general, findings from the narrative summaries were similar for absolute and relative
VOC exposures.

Levels among young people were broadly in the same direction to levels reported among
adults, with some differences for individual biomarkers. This may be due to different
smoking and vaping patterns.

38



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Tobacco specific nitrosamines

Twenty-eight studies assessed tobacco specific nitrosamines (TSNAS), a group of
chemicals found in tobacco and tobacco smoke, some of which are harmful and cause
cancer. Only 3 studies were from the UK. As with other biomarkers, there was
considerable variation across the studies in:

e design

o definitions of vaping and smoking
e biomarker measurements

e exposure duration

To assess relative exposures between vaping and smoking, we were able to carry out 5
meta-analyses of TSNAs (2 longitudinal, 3 cross-sectional). These all showed significantly
lower levels of TSNAs among vapers than smokers, with substantially lower levels for
NNAL (58%), NAB (87%), NAT (94%) and NNN (90%). Findings were generally consistent
with those reported in the narrative review.

To assess absolute exposures between vapers and non-users, we were able to carry out 3
meta-analyses using cross-sectional data. These all showed significantly higher levels of
TSNAs among vapers than non-users. However, the cross-sectional data make it difficult
to distinguish exposure from vaping products from previous tobacco use. Also, evidence
from a randomised control trial (RCT) and a cross-over study (a study where different
products are given to the same participants but in different orders, and participants serve
as their own controls) indicates that TSNA metabolite levels among vapers might decrease
to a similar level as among non-users.

Levels among young people were in the same direction as among adults, although the
magnitude of difference between vapers and smokers was substantially less for young
people compared with adults. Again, this may be due to different smoking and vaping
patterns among adults and young people.

Other potential toxicants

Nine studies assessed a range of other potential toxicants, such as polyaromatic
hydrocarbons, with only one from the UK. We were unable to carry out any meta-analyses.
Generally, the very limited findings suggested the levels of these other potential toxicants
were lower among vapers than smokers, and higher among vapers than non-users.
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Carbon monoxide

Thirty-three studies assessed carbon monoxide (CO) exposure, with 3 studies from the
UK. As for other biomarkers, there was considerable differences in methods across the
studies and user definitions.

To assess relative exposures between vaping and smoking, we carried out 2 meta-
analyses. Both showed significantly lower blood carboxyhaemoglobin levels among vapers
than smokers.

We were unable to carry out any meta-analyses of exposures between vapers and non-
users. But some interventional studies (such as RCTSs, longitudinal and cross-over studies)
suggested that exposure to CO in smokers who completely switch to vaping product use
might be reduced to levels similar to non-users.

Metals

Ten cross-sectional studies examined a range of metals (arsenic, cadmium, lead,
mercury), with none from the UK. No meta-analyses could be carried out.

In general, the studies had mixed findings about relative exposure.

Absolute exposure assessments were also mixed although most studies showed higher
levels of exposure among vapers than non-users.

Secondhand exposure

Six studies assessed secondhand exposure to vaping product aerosol, using a variety of
biomarkers, none from the UK. The level of exposure varied greatly from people at home
to people attending an indoor vaping convention.

Short exposures to secondhand vaping did not result in detectable changes in levels of
nicotine, VOCs or TSNAs. However, longer exposures during heavy sustained vaping
were associated with significant increases in nicotine or potential toxicants’ metabolites.

Implications

Our systematic review covered a wide range of biomarkers and studies. Our findings are
broadly consistent with the few previous reviews in this area, but because of the greater
volume of research that has been conducted in recent years, the implications are much
Clearer.
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Vaping reduces toxicant exposure compared with cigarette smoking

The reviewed studies show that compared to smoking, using vaping products leads to a
substantial reduction in biomarkers of toxicant exposure associated with cigarette
smoking. However, the degree of any residual risk remains unclear, mainly because of the
lack of comparisons between long-term former smokers who do and do not vape or
comparisons with those who have never smoked or vaped.

Methodological improvements needed

Our quality assessments revealed most studies had some methodological concerns, and
these should be addressed in future research as they limit interpretations of our findings.
For example, a lack of significant differences between levels of exposure between people
who vape and non-users may be due to several reasons. This includes a lack of sensitivity
in biomarker measurement methods, background environmental exposures, or because
exposure to potential toxicants between people who only vape and non-users is relatively
similar.

Improvements in definitions needed

Historical tobacco use can greatly affect many of the biomarkers used to determine
exposure to potentially harmful constituents from vaping. So, as most vapers are previous
long-term smokers (see chapter 4 on vaping among adults), strict definitions for duration of
exclusive vaping (only vaping) should be used consistently in future studies.

Similarly, definitions should not include concurrent smoking, and only include people who
exclusively vape. This is particularly important for cross-sectional studies, but longitudinal
studies should also use objective measurements to assess concurrent cigarette smoking.

Future studies should always verify biologically participants’ smoking, vaping or non-use
status, rather than rely on self-reports. Based on our review findings, measurements of
carbon monoxide or NNAL could be used to improve over-reliance on self-reported vaping
and smoking.

More research needed on biomarkers of exposure among vapers

More research is needed on biomarkers of exposure among vapers, particularly in the UK,
where we identified a lack of studies. We would encourage research with longitudinal and
cross-sectional designs. While longitudinal research is more robust, particularly in relation
to changes over time, cross-sectional research also offers insight into exposure from
realistic and naturalistic use patterns. Longitudinal research would benefit from including
longer follow-up periods to be able to assess long-term changes in biomarker exposure
among vapers who sustain use over long periods of time (see chapter 4 on vaping among
adults). This is also important for biomarkers with longer half-lives.
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In our meta-analyses, many findings were from tobacco industry-funded RCTs conducted
in confinement (closed settings such as research centres or hospitals in which the
participants stay) for periods of up to 7 days. So, future research needs to include more
independent research of biomarkers of exposure in people who use vaping products,
smoke and do not use tobacco or nicotine outside of confinement (in their own normal
settings), and with longer follow-ups.

Need to distinguish between biomarkers of exposure from tobacco and from
other sources

Several biomarkers of exposure are not specific to tobacco, and almost all biomarkers are
susceptible to the effects of confounders (which can also influence levels of a biomarker).
For example, VOCs are prevalent in many household products such as paints and
cosmetics and can also be influenced by diet.

Where a person lives can also uniquely influence exposure. There are higher levels of
polyaromatic hydrocarbons and other toxicants found in urban environments due to motor
vehicle exhaust fumes and other sources of pollution. There are also different toxicant
exposures in rural environments, due to pesticide exposure and other agricultural
pollutants.

So, strict control for confounders and large sample sizes are needed to reduce the
influences of other environmental exposure on findings in cross-sectional research.

Need to identify and study biomarkers which are specific to vaping

Our systematic review used the World Health Organization (WHO) priority toxic contents
and emissions list for tobacco products. There are already suggestions to include vaping
specific biomarkers in the WHO list when and if these emerge, which will help guide future
research. Due to the variety of different metal elements used for vaping product
components, there may be exposure to certain metals from vaping that are not present in
exposure from tobacco. Future research is needed to identify types of metal exposure that
are exclusively from vaping products and how these can be mitigated.

There is a need to address the lack of comparable research on biomarkers of exposure to
nicotine and potential toxicants across different groups, such as:

e young people and adults
o different genders
e ethnicity

e Socioeconomic status
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Given we identified no studies assessing the biomarkers of exposure to vaping among
people with existing health conditions on disease outcomes, this is an important gap that
should be addressed by funding bodies.

Lower risks of exposure from vaping than smoking

Overall, despite the methodological limitations identified in our systematic review, evidence
suggests significantly lower relative exposure from vaping compared to smoking in
biomarkers that are associated with the risk of:

e cancer
e respiratory conditions

e cardiovascular conditions
e other health conditions

This is consistent with encouraging people who smoke to switch completely to vaping as a
way to stop smoking or as alternative nicotine delivery devices. Also, our findings of higher
absolute exposure from vaping compared with not using any nicotine products reinforce
the need to discourage people who have never smoked from taking up vaping (or
smoking).

Chapter 8: Biomarkers of potential harm to health cutting
across several diseases

Evidence reviewed

This chapter examines findings from our systematic review on biomarkers of potential
harm to health that are associated with:

oxidative stress

inflammation

endothelial function

platelet activation
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These biomarkers are known to be associated with the development of multiple diseases
(see chapter 2, table 6). So, they are relevant to both our review questions:

1. What effect does vaping have on biomarkers that are associated with the risk of
cancer, respiratory, cardiovascular and other health conditions?

2. What effect does vaping among people with existing health conditions have on
disease outcomes?

Several of the studies we included assessed biomarker changes in participants with
existing health conditions (for example, asthma and dental diseases) but did not estimate
how these changes affected outcomes of these health conditions. As these studies did not
directly address the second review question, we have presented their data alongside
findings from participants from the general population.

Main findings

Issues caused by differences between studies

Overall, we identified 41 unique studies in 43 publications that reported biomarkers of
potential harm associated with oxidative stress, inflammation, endothelial function and
platelet activation biomarkers. There were significant differences in methodologies across
the studies we included, which likely resulted in discrepancies and variability of findings.
These differences included the following.

1. Studies assessed multiple biomarkers with different sensitivity, speed of onset or offset
and reliability of predicting subsequent health risks. These differences obscured overall
conclusions.

2. Studies used different definitions for vaping, smoking and non-use groups, usually did
not bioverify smoking or vaping status, and used varied methods (for example, different
measures, biosamples and follow-up times) to compare a range of biomarkers between
these groups. These differences prevented us pooling data from more studies for meta-
analyses and made comparisons between studies complicated.

3. Most studies we included assessed acute vaping effects on oxidative stress,
inflammation, endothelial and platelet functions. And because the explored biomarkers of
potential harm mostly take weeks or months to normalise after people stop smoking, we
cannot make clear conclusions about longer-term vaping effects.

4. Tobacco smoking (or vaping) is not the only known risk factor for detrimental changes
in many of the explored biomarkers. And conclusions about vaping associations with the
explored biomarkers are further limited by potential confounding of other variables and the
lack of controlled studies. So, findings need to be cautiously interpreted.
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In line with our algorithm (chapter 2, table 6), we carried out meta-analyses wherever
possible, but a lack of consistency in study designs, biomarker reporting, group definitions
and exposure periods resulted in few studies being included.

Oxidative stress

One RCT, 6 cross-over studies, 5 non-randomised longitudinal studies and 11 cross-
sectional studies assessed oxidative stress biomarkers, specifically:

e low-density lipoprotein (LDL)

e high-density lipoprotein (HDL)

e 8-isoprostane

e soluble Nox2-derived peptide (sSNOX2-dp)
e malondialdehyde (MDA)

e 8-hydroxy-2’-deoxyguanosine (80hdG)

e reactive oxygen species (ROS)

We found no significant differences in LDL levels across studies between vapers, smokers
and non-users’ groups after acute and short-to-medium exposure. A meta-analysis of data
from 2 cross-sectional studies also confirmed no difference in blood LDL levels between
vapers and non-users.

Findings on HDL levels were inconsistent. Smaller studies reported no differences
between vapers, smokers and non-users, and larger studies reported lower HDL levels
among non-users compared with vapers and smokers. Two meta-analyses of cross-
sectional studies found no difference in blood HDL levels between vapers compared with
smokers or non-users.

Evidence for 8-isoprostane level changes after vaping product use was mixed. Studies
emphasised longer past smoking history, older age and female gender as potential
confounders for higher 8-isoprostane levels (these factors are associated with higher 8-
isoprostane levels). In general, comparisons were limited by a lack of longer-term
controlled exposure studies (considering time for biomarkers’ levels to normalise) and
potential confounding in non-randomised longitudinal and cross-sectional studies.

There was limited evidence for other oxidative stress biomarkers. The overall evidence
from most of the included studies show no difference in vaping-associated oxidative stress
risks in comparison with smoking or not using tobacco or nicotine products.
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Inflammation

Two RCTs, 3 cross-over studies, 3 non-randomised longitudinal studies and 17 cross-
sectional studies assessed inflammation biomarkers, specifically:

e white blood cell (WBC) count

e c-reactive protein (CRP)

e interleukin-6 (IL-6)

e interleukin-8 (IL-8)

e tumour necrosis factor alpha (TNF-a)

e soluble intercellular adhesion molecule 1 (sICAM-1)
o fibrinogen

o prostaglandin E2 metabolite (PGE-M)

e monocyte chemoattractant protein-1 (MCP)

Pooled data from 3 cross-sectional studies showed that average blood CRP levels were
lower among vapers than smokers and similar between vapers and non-users, and that
average blood sICAM-1 levels were significantly lower among vapers than smokers.
However, controlled and longitudinal studies did not confirm these cross-sectional findings.
Also, due to varied study designs and a lack of studies comparing the same outcome
between the same study groups, no definite conclusions could be drawn on the
association between vaping and any specific inflammation biomarker.

Endothelial function

One RCT, 4 cross-over studies, 3 non-randomised longitudinal studies, and one cross-
sectional study assessed endothelial function biomarkers, specifically:

o flow-mediated dilation (FMD)
e E-selectin and P-selectin

e nitric oxide

e Mmicrovesicles

No studies reporting on these biomarkers could be pooled for a meta-analysis.
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While acute exposure studies showed similar short-term reductions in FMD parameters
after vaping (with and without nicotine) and smoking sessions, a single RCT showed that
switching from smoking to vaping for 4 weeks significantly improved (increased)
participants’ FMD function.

Evidence from 2 cross-over studies and one interventional study showed that acute vaping
and smoking sessions led to similar reductions in nitric oxide bioavailability (more
susceptibility to oxidative damage), but one study also noted that the reduction was
directly associated with the length of past smoking history.

Evidence from one cross-over study and one interventional study showed that acute
nicotine vaping increased blood endothelial microvesicle levels while acute non-nicotine
vaping did not change this outcome.

There was limited and inconsistent evidence on the other endothelial function biomarkers.
Also, we could not make any conclusions about the absolute effect of vaping on
endothelial function, as no controlled studies compared vapers and non-users.

Overall, acute vaping might cause endothelial dysfunction as much as acute smoking but
switching from smoking to vaping product use might improve endothelial function in the
longer-term.

Platelet biomarkers

Only one cross-over study, one longitudinal study and 2 cross-sectional studies assessed
platelet activation measures. No data from these studies could be meta-analysed. So,
evidence on the association between vaping and platelet function was limited, and we
could not make any conclusions about absolute effects of vaping on platelet activation or
effects of vaping relative to smoking.

Implications

Need for methodological improvements and longer term studies

Considering the 2 human studies summarised by the NASEM report and the 41 studies (in
43 publications) included in our systematic review, research on effects that human vaping
has on biomarkers that cut across diseases has grown in recent years, though it is still at
an early stage.

Our summary of the evidence on associations between vaping and oxidative stress,
inflammation, endothelial function and platelet activation came from studies with different
methodologies that mostly assessed acute exposure effects. These findings provide
important insights allowing us to compare immediate effects between vaping and smoking.
However, like smoking, it is the effects of long-term vaping that will be most relevant to
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public health, and the explored biomarkers of potential harm mostly take weeks or months
to normalise after people stop smoking.

Our risk of bias assessments showed that most studies in this chapter had methodological
concerns, and these should be addressed in future research as they limit interpretations of
our findings. More research is needed, particularly in the UK, where we identified a lack of
studies.

There is a need for future research among people who vape and have never smoked. This
would allow us to determine long term changes in biomarkers of potential harm exclusively
due to vaping and not as a consequence of prior long-term smoking.

Need to distinguish between biomarkers of potential harm from smoking or
vaping from other sources

Also, most biomarkers of potential harm are associated with multiple confounders not
related with vaping or smoking (for example diet, physical activity). So, studies that explore
acute effects of vaping and/or smoking, but do not include non-users as a comparison
group, cannot clearly distinguish between the effects of vaping and/or smoking on these
biomarkers. Due to these reasons, most studies that we have summarised in this chapter
cannot inform us about the medium or long term vaping-associated risks via effects on the
biomarkers we reviewed. This implies that further controlled studies with adequate sample
sizes, non-user comparison groups, and longer exposure and follow-up times are needed
to clarify how switching from smoking to vaping affects the most reliable biomarkers of
harm.

Greater clarity on clinical significance

More research is also needed to develop ranges where biomarkers of potential harm
become clinically relevant predictors of disease. This would improve the biomarkers’ ability
to estimate the pathways and contributions of vaping and smoking to multiple diseases.

Chapter 9: Cancers

Evidence reviewed

In this chapter we reviewed the existing evidence on how vaping might affect cancer risk.
This included summarising previous reports that have addressed this issue, and then
presenting findings from our systematic review of health risks and effects of vaping that
are relevant to cancer.
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Main findings

Toxicants and carcinogens

Our 2018 evidence review of vaping, the report from NASEM and the COT report include
some earlier evidence. The 2018 report included one study directly relevant to cancer that
suggested people who switched from smoking to vaping were exposed to lower levels of
toxicants and carcinogens than in smoking, but also pointed to the need for further
research. The NASEM report found no available evidence about whether the chemicals in
vaping aerosols or vaping behaviour were associated with cancer risk relative to smoking
or non-use. COT also reported that existing evidence was insufficient to draw conclusions
about any links between vaping and cancer risk in humans.

Cancer risks

We identified a growing (but still modest) amount of literature on how vaping may affect
cancer risks in humans. In our review of human studies, biomarkers of exposure to several
human carcinogens in tobacco smoke show lower measured levels in people who vape
compared with those who smoke. So, the biomarker of exposure studies compiled in this
review (see chapter 7 on biomarkers of exposure) provide conclusive evidence that vaping
generally leads to lower exposure to many of the carcinogens responsible for the health
risks of smoking.

Inflammation and oxidative stress

Findings from studies of inflammation and oxidative stress do not show any systematic
relationship with mixed evidence of differences (or no difference) in levels between vapers
and smokers and non-users. So, this evidence is currently insufficient to draw conclusions.

Gene and DNA processes

We identified 2 RCTs, one longitudinal study and 5 cross-sectional studies of gene
expression and DNA methylation in humans (none from the UK). Methodological
limitations (for example, a lack of smoking comparison groups in some studies) constrain
what we can say about these epigenetic studies (the study of how people’s behaviours
and environment can cause changes that affect the way our genes work). Even so,
methylation and demethylation of specific genes related to smoking and vaping show
potential for achieving more clarity in this area.

Existing or previous cancer conditions

There were no studies that assessed how vaping affects people with an existing or
previous cancer condition.
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Cell and animal studies

It is challenging to interpret the findings from pre-clinical studies using human or animal
cells or rodent models to any cancer risks arising from vaping in humans. These pre-
clinical studies commonly use acute exposures, sometimes over concentrated periods. So,
it is unclear whether the pathways to risk identified would be replicated in vapers. Further
challenges arise because of the complex nature of vaping behaviour over time and the
wide variety of different aerosols and products used.

Despite these significant limitations, there are suggestions from this literature that vaping
aerosols are not benign to people who have never smoked. And that exposure to these
aerosols may be implicated in negative outcomes that could affect the viability of cancer
treatment for people with pre-existing disease. However, cell and animal studies appear to
support the human studies and suggest vaping may trigger alterations in gene expression,
but at a lower extent than we see from exposure to tobacco smoke.

Implications

Longer follow up periods are needed

Vaping generally leads to lower exposure to many of the carcinogens responsible for the
considerable health risks of smoking. However, studies of biomarkers of exposure that are
associated with cancer risk in humans need to have longer follow up periods than has
been the case to date, as this will give us better information if vaping reduces cancer risk
compared with smoking.

More research is needed

More research is needed on biomarkers of potential harm in humans.

Studies applying potentially important new methods to assess vaping often neglect to
include cigarette smoke as a comparator as well as a control (usually filtered air). Even
when a tobacco smoke comparison group is included, it is often difficult to compare like
with like when the exposure to nicotine and other important parameters are not included in
the description of the experiments. Such data are essential when assessing whether
human exposure to different forms of nicotine delivery (in this case vaping and smoking)
result in different magnitudes of cancer risk.

Further studies are needed to identify the extent to which evidence from pre-clinical
studies is directly relevant in humans.

There are a number of gaps in the literature identified in our review, as well as some gaps
that came to our attention when preparing the background to this chapter. Although we
know a lot about the links between tobacco smoking and cancer, more needs to be done
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to document the smoking status of cancer survivors. These people will make up an
increasing proportion of cancer patients in the future given improvements in survival and
an ageing population. This means that the risk of recurrence or a secondary cancer will not
be uncommon.

We could also not identify any studies from the UK on vaping prevalence among people
diagnosed with cancer or cancer survivors, so this should be a further area of research.

More research is needed with cancer patients and cancer survivors to understand any role
for vaping as a smoking cessation aid in improving treatment outcomes or reducing the
risk of cancer recurrence.

Studies are also needed that assess the effects of vaping on cancer outcomes in people
diagnosed with cancer, both to compare with people not using nicotine or tobacco
products and with people smoking.

Support smokers to completely switch from smoking to vaping

For policy makers and practitioners, findings from our review for this chapter suggest that
developing and implementing policies and interventions that support smokers to
completely switch from smoking to vaping will reduce exposure to toxicants and
carcinogens. This may have relevant outcomes for cancer prevention.

Chapter 10: Respiratory diseases

Evidence reviewed

In this chapter we reviewed the existing evidence on how vaping might cause or influence
respiratory disease, one of the main causes of premature mortality and morbidity among
smokers. This included summarising previous reports that have addressed this issue, and
then presenting findings from our systematic review of health risks and effects of vaping
that are relevant to respiratory disease. Our systematic review aimed to assess the effects
of exposure to vaping on biomarkers associated with the risk of poor health conditions and
to assess the effect of vaping on disease outcomes in people with existing health
conditions.

Most studies examined healthy participants, which we summarise first. We then
summarise the studies that examined participants with respiratory conditions (asthma,
chronic obstructive pulmonary disease) and smokers with mental health conditions. We
assessed both relative and absolute vaping risks associated with biomarkers of respiratory
disease where the data were available (between vapers and smokers, and between
vapers and non-users), and where feasible included comparisons across different
population groups.
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Conclusions for biomarkers of exposure and biomarkers of potential harm cutting across
common diseases are presented in chapters 7 and 8.

Main findings

Biomarkers of respiratory diseases

Several biomarkers of exposure are relevant to respiratory diseases. We identified
conclusive evidence that under typical use conditions, acute (from single use to 7 days)
and short to medium (from 8 days to 12 months) exposure to most potential respiratory
toxicants from vaping is significantly lower compared with smoking tobacco cigarettes. And
there are substantial reductions in some biomarkers. For the respiratory toxicants that
were assessed at long-term exposure (more than 12 months), evidence was moderate that
biomarkers of exposure are lower for vaping than smoking.

For a few VOCs, such as formaldehyde and toluene, available evidence was inconclusive
on the significant differences between vapers and smokers. However, one study
suggested formaldehyde exposure might increase during compensatory puffing behaviour
with lower nicotine strength e-liquids. In general, there were no significant differences
between vapers and non-users, except for acrylonitrile metabolite CNEMA. The evidence
suggested that vaping might increase exposure to acrylonitrile in absolute terms.

Biomarkers of potential harm

The evidence was mixed on biomarkers of potential harm relevant to multiple diseases
(including respiratory disease), such as 8-isoprostane and inflammation. This would
indicate that there was insufficient evidence from these biomarkers of potential harm
whether vaping product use is associated with respiratory disease in humans.

We identified 25 studies (3 from the UK) that assessed other biomarkers of potential harm
that were specifically related to respiratory disease in humans. Consistent with studies in
other chapters, the studies we included used a range of different designs and had varying
quality or risk of bias. Studies used a range of different definitions of vaping and smoking.
For example, findings of some studies were confounded by categorising vapers who
smoke, occasional vapers or exclusive daily vapers as a uniform group or comparing
occasional vapers with daily smokers. So, findings need to be cautiously interpreted.

Studies with more than one time point mostly explored acute exposure to vaping or
followed-up participants for short to medium term. In line with our algorithm for selecting
studies for meta-analyses (chapter 2, table 6), the lack of consistency in study designs,
biomarker reporting, group definitions and exposure periods meant we were unable to
carry out any meta-analyses.
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Of the 25 studies we included:

e 7 were relevant to our second research question about effects of vaping among people
with existing health outcomes on disease outcomes

e 4 assessed participants with asthma

o 2 were from the same longitudinal cohort, but with different follow-up rates, assessing
participants with chronic obstructive pulmonary disease (COPD)

o 1 assessed participants with mental health disorders

Respiratory tests and imaging

All 25 studies included spirometry measures, which is a breath test used to assess airflow
obstruction in the lungs (commonly used to detect respiratory diseases). But the different
study designs, groups and duration of exposure limited any conclusions that we can draw.

Overall, the findings showed no acute (from single use to 7 days), short to medium (from 8
days to 12 months) or long-term (more than 12 months) detrimental effects for vapers.
Whereas a clear worsening of lung function was seen in one small study of vapers who
switched back to smoking for 7 days.

Eight studies assessed FeNO (fractional exhaled nitric oxide, which is measured in the
breath and is a marker of airway inflammation and asthma). Again, these studies involved
different designs, groups and exposure duration so limited our conclusions. There were
mixed findings in the studies, but most reported no significant differences across the user
groups.

One study assessed impulse oscillometry (a respiratory diagnostic test), which suggested
an effect of acute nicotine exposure on some lung function attributes among healthy
occasional smokers but needs repeating.

Five imaging and bronchoscopy studies used a variety of different techniques. These
studies either assessed very short-term single-use exposure or were heavily confounded
by including smokers (either of tobacco or marijuana) in the vaping groups.

Overall, given the methodological differences, we concluded that there was insufficient
evidence from spirometry, FeNO, impulse oscillometer, and bronchoscopy and imaging
studies as to whether vaping has any impact on lung function after acute, short to medium
and long-term exposure. We also concluded that there was insufficient evidence on
whether acute secondhand vaping had any effect on lung function.
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Asthma

In relation to our second research question, we first summarise our findings from the 4
studies with participants with asthma. Again, sample sizes were generally very small, and
the findings were inconclusive as to whether there are improvements in lung function and
respiratory symptoms among adult smokers with asthma who switch to vaping completely.

There was limited evidence that vaping negatively affects lung function among adults with
asthma.

Chronic obstructive pulmonary disease

Two longitudinal articles taken from the same group of COPD patients reported that they
found statistically significant improvements in some spirometry measurements for the
group who used vaping products compared with baseline. But there were no significant
differences in the group who smoked. However, only small numbers of participants were
involved, and the authors suggested larger studies were needed to confirm these findings.

These findings indicate that there is limited evidence for reduction of COPD exacerbations
among adult smokers with COPD who switch to vaping completely and continue vaping for
up to 5 years.

Mental health

In one study, smokers with a mental health diagnosis were encouraged to use a vaping
product to reduce smoking, and reported no statistically significant changes in one
spirometry measure. But since most of them continued smoking, further research is
needed with this population.

Cell and animal studies

As previously mentioned, it is challenging to directly translate the findings from pre-clinical
studies using human or animal cells or rodent models to any respiratory risks arising from
vaping in humans. These pre-clinical studies commonly use acute exposures sometimes
over concentrated periods, and it is unclear whether the mechanisms or pathways to risk
identified would be replicated in vapers. Further challenges arise because of the complex
nature of vaping behaviour over time and the wide variety of different aerosols and
products used.

We identified 47 in vitro studies that examined biological impact of exposure to vaping
product aerosol or vaping product aerosol extract on various human airway cell types. We
also identified 25 animal studies investigating respiratory effects following vaping product
exposure.
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Taking all the reviewed articles into consideration, the current available data contributes to
the evidence that vaping product aerosol, to some extent, may cause airway-related
adverse effects in cell and animal models. Although, the evidence is inconclusive as to
which constituents of the aerosol play important roles in the observed cellular and
physiological effects.

Conclusions

Overall, while the literature has grown considerably since the NASEM report, the
conclusions from that report are supported by this review.

The lack of consistency across the studies meant we could not perform meta-analyses of
respiratory measures, which limits the conclusions that we can draw.

The limited evidence for improvements in COPD for adult smokers in the NASEM report
who switched to vaping has now been reported at the 5 year follow-up by the same study
group. This shows that improvements seem mainly to be among participants who switched
to exclusive vaping.

More studies have been carried out with people suffering from asthma, but the different
designs, diagnoses, and measurements taken prevent us from making any conclusions.

Implications

Improve research methodology

Our quality assessments revealed most studies had some methodological concerns, and
these should be addressed in future research as they limit interpretations of our findings.
More research is needed, particularly in the UK, where we identified a lack of studies.

As we previously mentioned, all studies we included had used very different methods. This
included different designs, definitions of user groups (people who smoke, people who
vape, people who smoke and vape, and people who do neither) and biomarkers. This
likely resulted in discrepancies and variability in their findings.

Study people who vape over longer periods of time

As discussed in other chapters, most studies exposed participants to brief sessions of
vaping, so cannot answer questions on long-term respiratory outcomes. So, studies that
assess people who have been vaping over long periods of time are urgently needed.
Findings from one long-term group of smokers who had switched to vaping at baseline are
promising and should be replicated by other studies with larger numbers of participants.
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More studies are needed that compare long-term former smokers who do and do not vape,
as well as studies comparing former smokers who vape with people who vape who have
never smoked.

Research on vaping needs to measure strength of evidence

As many studies involve small numbers of participants, researchers should use other, less
traditional ways to test their findings. This could include using a Bayes factor analysis to
measure the strength of evidence. This is relevant to findings from most of the health
biomarker studies included in this report.

Switching to vaping likely to slow down respiratory disease development

For policy makers and practitioners, the limited evidence from our review for this chapter
suggests that developing and implementing policies and interventions that support
smokers to completely stop and switch to vaping is likely to slow down the development of
respiratory diseases.

Consider respiratory biomarkers before starting studies

Researchers need to carefully consider their choice of respiratory biomarkers before
carrying out their studies. While some found statistically significant changes in spirometry
measures, it is not clear whether these changes are too small to be clinically relevant. This
raises the question of how useful spirometry measures are in detecting any vaping risks,
particularly among healthy smokers. This concern also applies to other biomarkers, such
as inflammatory changes. Also, the pathways between these biomarkers and an increased
risk of certain respiratory diseases still needs to be clearly mapped out with supportive
evidence.

Considerations for human cell studies

For human cell studies, biologically relevant doses of nicotine or flavours that mimic
exposure to vaping product aerosol emissions are needed.

Seek a global consensus on measuring changes to the respiratory system

Studying changes to the respiratory system is important as these might be the first signals
of potential harms or (relative) benefits from vaping. So, seeking a global consensus on
what measures should be studied, as well as over what duration of exposure and follow-
up, is urgently needed.
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Assess effects of vaping on people with existing respiratory problems

More studies are needed that assess the effects of vaping on people with pre-existing
respiratory problems or diseases. This includes both in comparison with no use of nicotine
or tobacco and in comparison with smoking.

Chapter 11: Cardiovascular diseases

Evidence reviewed

For cardiovascular diseases, we did not identify any studies on people with existing
cardiovascular conditions so we could not address the second aim of the review. We
assessed both relative and absolute vaping risks associated with biomarkers of
cardiovascular disease where the data were available (between vapers and smokers, and
between vapers and non-users). And where feasible, we included comparisons across
different population groups.

We present our conclusions for biomarkers of exposure and biomarkers of potential harm
across several diseases in chapters 7 and 8.

The studies we reviewed show that compared to smoking, using vaping products leads to
a substantial reduction in biomarkers of toxicant exposure. However, the degree of any
residual risk (from vaping but also previous smoking and other factors affecting
cardiovascular health) remains unclear, mainly because of the lack of studies using
appropriate comparators.

Main findings

Cholesterol

Looking at biomarkers of potential harm relevant to multiple diseases, studies of low-
density lipoprotein (LDL) cholesterol showed no differences after acute and short-to-
medium use of vaping products, smoking or non-use. LDL cholesterol is sometimes
described as ‘bad cholesterol’ as it makes heart problems or a stroke more likely. Similar
findings were seen for high-density lipoprotein (HDL) cholesterol (or ‘good cholesterol’),
except among large-scale samples of non-users where HDL levels were significantly
higher than among vapers and smokers.

Oxidative stress

The findings were more mixed for markers of oxidative stress 8-isoprostane and sNOX2-
dp. However, as these oxidative stress biomarkers are influenced by other factors, we
could not make strong conclusions on their associations with vaping product use.
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Inflammation

For inflammation markers, differing study designs prevented us from making strong
conclusions. The meta-analyses of cross-sectional studies suggested lower levels of the
inflammation biomarkers (blood CRP and sICAM-1) among vapers than smokers, and
similar levels between vapers and non-users. But these findings were not confirmed by
other interventional studies that largely focused on acute and short-term exposure.

Endothelial function

For endothelial function biomarkers, a single RCT found that switching from smoking to
vaping improved FMD after one month. Evidence from the other studies suggested a
short-term deterioration in FMD after acute exposure to vaping product use. Evidence from
the other endothelial function biomarkers and the 4 studies on platelet activation markers
was also difficult to synthesise. This was due to different designs, outcome measures and
comparison groups.

Harm specific to cardiovascular disease

We identified 41 studies that assessed biomarkers of potential harm specific to
cardiovascular disease in humans. Consistent with studies in other chapters, the studies
we included:

o used a range of different designs
e had varying quality or risk of bias
e used a range of different definitions of vaping and smoking

Studies with more than one time point mostly explored acute exposure to vaping or
followed-up participants for short to medium term. So, we were unable to summarise
findings on longer-term vaping exposure. In line with our algorithm (chapter 2, table 6), we
carried out meta-analyses wherever possible, but a lack of consistency in study designs,
outcome reporting, group definitions and exposure periods resulted in data from few
studies being meta-analysed.

Heart rate

Thirty-one studies assessed heart rate in humans (4 studies from the UK), and 9 of them
could be included in meta-analyses. We were able to conduct 2 meta-analyses of findings
comparing vaping and smoking (3 cross-over and 2 cross-sectional studies), 2 meta-
analyses of findings comparing vaping and non-use (3 cross-over, 2 cross-sectional
studies) and one meta-analysis of findings comparing vaping and non-nicotine vaping (4
cross-over studies).
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Acutely, immediately after use, vaping increased heart rate less than smoking. Heart rate
after short exposure to vaping was similar to heart rate after not using tobacco or nicotine
products. There was no difference in heart rate after nicotine and non-nicotine vaping. Any
differences may vary with devices, liquids and puffing behaviours influencing the amount
of nicotine delivered and this is further explored in chapter 5 on nicotine.

Comparing longer-term changes in heart rate, people who vaped had lower heart rate than
people who smoked when the groups were mutually exclusive (people who vaped did not
also smoke). Compared with people who did not vape or smoke, heart rate among people
who vaped was lower in a meta-analysis of cross-sectional studies but higher in another
cross-sectional study. One longer-term study reported the same level of change in heart
rate for smokers who started using nicotine or non-nicotine vaping products.

Blood pressure

Thirty studies assessed blood pressure in humans (3 studies from the UK), with 9 studies
that could be included in meta-analyses. We conducted 4 meta-analyses of findings
comparing blood pressure when vaping and smoking (3 cross-over studies, 2 cross-
sectional studies, meta-analysis repeated for systolic (when your heart beats) and diastolic
(when your heart rests between beats) blood pressure), 4 meta-analyses of findings
comparing vaping and non-use (3 cross-over and 2 cross-sectional studies, again for both
systolic and diastolic blood pressure) and 2 meta-analysis comparing nicotine and non-
nicotine vaping (4 cross-over studies, again for both systolic and diastolic blood pressure).

Meta-analyses comparing acute effects found no differences in blood pressure after
vaping, smoking or doing neither with the exception of a small difference between vaping
and non-use for diastolic blood pressure. Studies that could not be meta-analysed found
mixed results. A meta-analysis comparing acute effects of nicotine and non-nicotine
vaping found no difference as did most other studies that could not be meta-analysed but
included non-nicotine vaping.

Meta-analyses of cross-sectional studies where participants had had longer exposure to
vaping (at least 3 months or one year) found that people who vaped (presumably mostly
former smokers) had lower blood pressure than people who smoked. There was no
difference between people who vaped and people who did not vape or smoke. Studies that
could not be meta-analysed found mixed results regarding change in blood pressure.

Secondhand exposure

Only 2 small studies at serious risk of bias included secondhand exposure. So, we could
not draw conclusions about what effects exposure to secondhand vapour has on heart rate
or blood pressure.
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Peripheral resistance and arterial stiffness

Nine studies assessed peripheral resistance or arterial stiffness (PWV) in humans (one
study from the UK). Results could not be meta-analysed. PWV may decrease (improve)
after smokers have switched to vaping for a sustained period. However, the longest follow-
up reported was only 4 months.

PWV generally increased after acute exposure to vaping nicotine, but not after non-
nicotine vaping, suggesting that any acute effects of vaping on PWV are due to nicotine.

Oxygen saturation

Three studies (all at critical risk of bias, none from the UK) assessed acute effects on
oxygen saturation in humans. Results could not be meta-analysed, and we could not draw
conclusions based on the available evidence.

Cell and animal studies

Evidence from cell studies was very limited, with only 2 studies identified in our review.
Results showed that vaping product aerosol increased damage to cells and that effects
varied across different flavours.

Sixteen studies in animals were included. In summary, animal studies showed that
exposure to vaping product aerosol increases blood pressure. Some studies found a
decrease in heart rate, although most found no effect.

Animal studies also show an increase in biomarkers of arterial stiffness linked to exposure
to vaping products. This may be similar to or smaller than increases caused by smoking.
Left ventricular mass and vessel wall thickness (in the heart) were increased and left
ventricular function reduced after vaping product aerosol exposure. These effects were
potentially less than for exposure to cigarette smoke, and there were inconsistencies in
findings across studies. These vaping product-induced effects appeared largely to be
nicotine-dependent.

Exposure to vaping product aerosol was associated with decreases in animals’ blood
vessel health, as well as increases in markers of thrombosis risk, inflammation, oxidative
stress, scarring, and cell health. Although, it is inconclusive as to which constituents of the
aerosol play important roles in the observed effects.

As previously mentioned, it is challenging to directly translate the findings from pre-clinical
studies using human or animal cells or rodent models to any cardiovascular risks arising
from vaping in humans. These pre-clinical studies commonly employ acute exposures,
sometimes over concentrated periods, and it is unclear whether the mechanisms or
pathways to risk identified would be replicated in people who vape.
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Role of nicotine

The evidence does not allow us to distinguish pathways to cardiovascular disease. One
potential pathway is through nicotine, and the biomarkers of exposure and
pharmacokinetic studies show that people who vape can achieve nicotine levels similar to
people who smoke. The animal studies suggested that nicotine did play a role in some of
the changes seen in cardiovascular biomarkers, specifically:

e blood pressure
e arterial stiffness
e left ventricular mass and function

Some studies included in this chapter assessed cardiovascular biomarkers in humans
through non-nicotine vaping as well as nicotine vaping. This could help explain the
assumed role of nicotine in any cardiovascular risks of vaping for humans. However, the
differences between studies limits our conclusions.

Meta-analyses of cross-over studies from vaping nicotine and non-nicotine products for
heart rate and blood pressure found no differences. Studies that we could not meta-
analyse did not consistently find this. The findings were more consistent in PWV effects
where nicotine did appear to be implicated at least in acute studies.

Comparisons with other reports

Conclusions from the NASEM report are generally supported by this review. As in 2018, to
date there is still no available evidence on whether vaping is associated with clinical
cardiovascular outcomes (coronary heart disease, stroke, and peripheral arterial disease)
and subclinical atherosclerosis (carotid intima-media thickness and coronary artery
calcification).

The NASEM report found substantial evidence that heart rate increased shortly after
nicotine intake from vaping, which was also seen in this review (whereas evidence was
inconsistent for non-nicotine vaping).

NASEM found moderate evidence that diastolic blood pressure increases shortly after
nicotine intake from vaping and limited evidence that vaping is associated with a short-
term increase in systolic blood pressure. Based on the still limited and mixed evidence, we
conclude that there may be reductions in blood pressure after people who smoke switch to
vaping and little difference between people who vape and people who do not vape or
smoke.

The NASEM report also concluded that there was insufficient evidence that vaping was
associated with long-term changes in heart rate, blood pressure, and cardiac geometry
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and function. In our review, evidence from animal studies suggests that there may be
some long-term changes, but we found no evidence from human studies. And, as already
discussed, the validity of animal studies for human outcomes has limitations.

Similarly, conclusions by COT are generally supported by this review. COT concluded that
exposure to nicotine from vaping was unlikely to be higher than from smoking. This is
confirmed by studies included in this review that found no significant difference between
people who vaped or smoked at least weekly.

COT also concluded that vaping was associated with some emissions into ambient air,
including nicotine, so that pharmacological effects from exposure to nicotine in ambient air
may occur in some individuals. In this review, only 2 small studies at serious risk of bias
assessed short-term secondhand exposure to nicotine vaping. So, this did not allow us to
make any clear conclusions.

Conclusion

Overall, the extent to which vaping presents a risk for cardiovascular health remains
uncertain. But based on the toxicant profile in vaping products and aerosols, the risk is
expected to be much less than that of cigarette smoking.

Implications

Our quality assessments revealed most studies had some methodological concerns, and
these should be addressed in future research as they limit interpretations of our findings.
More research is needed, particularly in the UK, where we identified a lack of studies.

Most studies exposed participants to brief sessions of vaping (27 out of 41 included
studies were cross-over or acute exposure studies). And although it can address questions
about immediate effects of vaping, this study design is not able to answer questions about
effects on the cardiovascular health outcomes most relevant to public health.

Studies that compare rates of cardiovascular diseases between non-users, users of
tobacco and users of nicotine vaping products are needed (for example, rates of coronary
heart disease, peripheral arterial disease and stroke).

Studies should include longer-term follow-ups and more informative measurements.
Studies measuring heart rate or blood pressure should try to include 24 hour ambulatory
blood pressure and heart rate. This would improve the validity of the measurement rather
than rely solely on measurements in single or short sessions. Researchers should
consider including heart rate variability (a higher variability can indicate better health) as
an outcome measure, for example in people who switch from smoking to vaping. Evidence
Is also needed on the extent of longer-term changes in other outcomes such as PWV.

62



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Alongside longer follow-ups, inclusion of long-term exclusive vapers may also help
address this.

Historical tobacco use can greatly affect many of the biomarkers used to determine
exposure to potentially harmful constituents from vaping. As most vapers are previous
long-term smokers (see chapter 4 on vaping among adults), definitions for vaping should
preclude concurrent smoking and a minimum duration of exclusive vaping should be
defined. Studies are needed that compare long-term former smokers who do and do not
vape, as well as studies comparing former smokers who vape with people who vape who
have never smoked.

Compliance with study allocation and definitions of groups should be verified and reported
in all studies. For example, the level of CO exhaled by people categorised as not smoking
and the level of nicotine in people categorised as vaping or not using any nicotine
products.

The existing evidence does not provide insights into the effects of vaping on
cardiovascular health in people of different sex, age or ethnicity. So, future research
should pay attention to groups with different cardiovascular risk profiles.

Studies are needed that assess the effects of vaping on people with pre-existing
cardiovascular conditions, both in comparison with not using nicotine or tobacco and in
comparison with smoking.

Cardiovascular health and disease are affected by a wide range of genetic predispositions,
behavioural risk factors and environmental exposures. Further research is needed to
clarify any unique contributions from vaping while accounting for other factors.

Vaping products vary and any effects on cardiovascular health are likely to differ with
device types, nicotine concentration, liquid composition and user behaviours. As one
example, most studies in the US used nicotine concentrations above the legal threshold in
the UK and EU, but we were unable to run meta-analyses comparing effects of nicotine
concentration on outcomes.

For policy makers and practitioners, findings from our review for this chapter suggest that
developing and implementing policies and interventions that support smokers to
completely switch from smoking to vaping will reduce exposure to toxicants and
carcinogens that have links with poorer cardiovascular health.
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Chapter 12: Other health outcomes

Evidence reviewed

In this chapter, we address health outcomes not covered in the chapters on the main
causes of smoking-related illness and death. From our systematic review, we identified 15
studies in humans that looked at outcomes related to dental health. We also identified 14
studies in humans, 31 in animals and one in cells that investigated other health outcomes.

Studies in humans have assessed associations with a range of health outcomes including
oral, ocular and reproductive health, as well as outcomes related to allergies and pre-
diabetes. The health outcomes assessed covered a limited range; all were detrimental to
health and none of the included studies explored potential positive effects of nicotine or
vaping. For instance, no study looked at the effects on Parkinson’s disease, where some
have suggested a protective effect of nicotine.

Main findings

Limitations of the evidence

Many studies found that health outcomes for people who vaped were worse than for
people who did not vape (or did not smoke) while others found no differences. However,
while some studies included large samples, they were almost exclusively cross-sectional
in design, making any causal statements impossible.

Studies used a range of different definitions of vaping and smoking. For example, findings
of some studies were confounded by categorising vapers who smoke, occasional vapers
or exclusive daily vapers as a uniform group or comparing occasional vapers with daily
smokers. So, findings need to be cautiously interpreted. Definition of user groups,
information on and comparisons with smoking were often lacking or confounded the
findings.

Many studies were at risk of bias and other factors (for example, genetic, lifestyle and
environment) influencing health outcomes were often not considered, further limiting the
validity of findings.

Reproductive health

The evidence base on reproductive health or pregnancy outcomes remains insufficient.
Previous reports only found a single study indicating that vaping in pregnancy had little or
no effect on birth weight. We were not able to add further evidence to these.
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Oral or dental health

Oral or dental health has been researched more extensively than other health areas
However, the quality of the studies was often low. Recent reviews concluded that vaping
would be detrimental to oral or dental health among people who have never vaped or
smoked but would likely be beneficial for smokers switching. We found no studies that
would change that conclusion.

Cell and animal studies

The one cell and 31 animal studies provided insights into how vaping products may affect
the central nervous, digestive and reproductive systems. They also looked at other areas
that exposure to tobacco or no exposure could affect. However, the data are still limited
and too inconsistent to evaluate the compounds of vaping product aerosol causing any
alterations to systems in the body. Also, variability of animal models, exposure methods
and comparators added to the uncertainty.

Implications

Good quality studies in humans are needed that investigate the effects of vaping on a
wider range of physical and mental health outcomes. They should also explore the
progression of various health disorders in people who vape compared with people who
smoke or do not vape nor smoke.

Also, although cancer, respiratory and cardiovascular diseases are the main contributors
of tobacco related disease, there is a lack of research on the effects of vaping on other
areas, such as renal and hepatic systems, which can be greatly affected by smoking.

Effects of vaping on foetal development and pregnancy outcomes remain in particular
need of research, including the effects of switching from smoking to vaping in the perinatal
phase.

Chapter 13: Poisonings, fires and explosions
Main findings

Poisonings

In 2021, the National Poisons Information Service (NPIS) reported that they had received
187 vaping product enquiries out of a total of 39,594 telephone enquiries. Of these, 82
involved children aged 5 years or younger. This equates to at least one telephone enquiry
every other day involving a healthcare professional managing someone who has
apparently been exposed to vaping products.
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Two case reports of poisoning from vaping products in the UK were identified, both
intentional. In one of the cases, the person died.

In non-UK poisonings, according to data from a 2020 annual report by the American
Association of Poison Control Centers’ National Poison Data System, one person died
from vaping product use (no details were given of the circumstances). In 20 studies from
international poisons and surveillance centres and case reports identified in our systematic
review, most participants were young children who accidentally swallowed e-liquids.
Almost all children recovered, although there were 2 deaths among the children who were
accidentally exposed to e-liquid. Where exposure was intentional or unknown, there were
reports of 16 deaths (outside the UK).

Accidental ingestion is the most common cause of poisonings, with fewer incidences of
other routes such as ocular (eyes) exposure.

Incidents of poisoning in children are often preventable.

Fires

Between January 2017 and October 2021, the London Fire Brigade reported that there
were 5,706 fires caused by cigarettes and cigarette lighters. This compared to 15 fires
caused by vaping products. No fire related injuries or deaths were reported from vaping
related fires, compared with 676 injuries and 46 deaths from cigarette related fires. These
findings are similar to those we discussed in our 2018 report.

Explosions

Exploding vaping products can cause severe burns and injuries that require intensive and
prolonged medical treatment, especially when they explode in users’ hands, pockets or
mouths.

Incidents appear to be serious but very rare.

We identified 2 case reports involving 4 people in the UK. One involved an explosion in the
mouth while vaping, the other 3 involved explosions when the vaping product was being
carried in trouser pockets. No deaths were reported.

There were 23 reports identified outside the UK, from case reports and series or data from
burn and surveillance of injury centres. Carrying the vaping product in a trouser pocket
was again the most common cause of explosions. One death was reported.
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Implications

More research on vaping-related poisonings, fires and explosions

There is a lack of UK research or published case reports on poisonings, fires and
explosions involving vaping products. The findings reported here are largely from the US
and cannot be assumed to be applicable to the UK given the different regulatory
frameworks for vaping products.

More research is needed on the type of vaping product resulting in poisoning, fires and
explosions. This would then inform future regulations.

Information on poisonings, fires and explosions should be monitored and reported
routinely in publicly available reports by relevant authoritative bodies.

Warnings on labelling and devices

Two explosions were identified as caused by mechanical modifiable tank devices, which
do not have inbuilt safety features. So, warnings could be highlighted for users of these
products by relevant authoritative bodies.

As well as childproof packaging, regulations should require labelling to reinforce safe
storage and away from similar looking medicines, such as eye or ear drops and children’s
medicine.

Advice on transporting vaping products and batteries

Additional advice by relevant authoritative bodies could be given on transporting vaping
products and batteries for example using specialised containers, to avoid thermal runaway
incidents (where a battery discharges all its stored energy at once).

Chapter 14. Heated tobacco products
Main findings

Use of heated tobacco products in England

Among young people aged 11 to 18 in the 2021 ASH-Y survey, 0.9% had tried but no
longer used heated tobacco products (HTP) and 0.3% reported currently using HTP.

Among young people aged 16 to 19 in the ITC Youth survey, 1.5% had ever tried HTP but
not used them in the past week and 0.7% had used HTP in the past week.
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Two-thirds (65.7%) of young people aged 16 to 19 who had ever tried HTP had used it
once or up to 10 times only.

Among adults in England, 0.3% in the STS and 0.5% in the 2021 ASH-A survey reported
currently using HTP.

The proportion of adults who reported having ever used HTP was 1.8%. It was more
common among people aged 25 to 34, women and adults who smoked or vaped.

One third of ever or current adult users of HTP had tried HTP once or twice and 16% of
current users (less than 0.1% of adults in England) reported daily use.

Among past year smokers who had attempted to stop smoking, 1.6% reported having
used HTP to support their attempt.

Cochrane review

The Cochrane review of HTP for smoking cessation and reducing smoking prevalence
reported no studies on HTP used to support cessation of cigarette smoking, so the
effectiveness of HTP for stopping smoking remains uncertain.

The Cochrane review found moderate certainty evidence that smokers switching to HTPs
have lower exposure to toxicants and carcinogens than smokers continuing to smoke.
There was moderate to very low certainty evidence of higher exposure than for people
attempting abstinence from all tobacco.

There was some evidence for people improving the amount of air they can exhale from the
lungs (FEV1) after switching to HTP compared with continuing to smoke. But there was
insufficient evidence of any difference for other biomarkers of harm.

There was insufficient evidence for differences in risk of adverse or serious adverse events
between people randomised to switch to HTP, smoke cigarettes or attempt tobacco
abstinence in the short-term.

The rate of decline in cigarette sales accelerated after Japan made HTP available.
However, it is possible that other factors caused this change. A decline in cigarette sales
may not translate to declining smoking prevalence, and changes in Japan may not apply
elsewhere.

Implications

Monitoring of HTP uptake among young people and adults should continue.
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Research independent of manufacturers is needed into whether HTP help people stop
smoking, their safety, and their impact on smoking rates.

Chapter 15: Harm perceptions and communications

Evidence reviewed

This chapter drew on surveys carried out in chapters 3 (vaping among young people) and
4 (vaping among adults) and a systematic review that addressed the following questions:

1. What interventions have been effective in changing vaping harm perceptions?

2. To what extent are vaping harm perceptions predictive of any changes in vaping and
smoking behaviours?

Main findings

Young people’s harm and other perceptions of vaping in England
Among 11 to 18 year olds, using 2021 ASH-Y data:

44.7% accurately perceived that vaping was less harmful than smoking

32.4% inaccurately thought that the harms from vaping and smoking were about the
same

3.6% inaccurately thought that vaping was more harmful than smoking

19.3% said they did not know

The proportion of 11 to 18 year olds who accurately thought that vaping was less harmful
than smoking declined from 66.7% in 2015 to 43.3% in 2020, and then increased slightly in
2021 to 44.7%. The proportion who did not know has increased from 9.9% in 2015 to
19.3% in 2021.

Among 11 to 18 year olds, inaccurate perceptions that vaping is more or equally as
harmful as smoking were similar between young people who currently vaped and those
who never vaped. Only half of current smokers aged 11 to 18 years accurately perceived
vaping as less harmful than smoking.
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Among 16 to 19 year olds (using ITC Youth data), we see slightly different patterns in
2021, with most (62.9%) accurately perceiving vaping is less harmful than smoking. Yet,
we also saw:

e 16.8% inaccurately perceived vaping to be equally harmful to smoking
e 10.0% inaccurately perceived vaping to be more harmful than smoking
e 10.0% reported that they did not know

In relation to absolute harms, young people (16 to 19 year olds) rated smoking daily higher
on the scale of harm than smoking on some days (88.0% compared with 65.2% rating it
‘very’ or ‘extremely’ harmful). However, there was less difference between young people’s
perceptions of vaping daily and vaping on some days (31.9% and 22.6% respectively).
Slightly greater proportions of young people perceived some day or daily vaping as not at
all harmful (6.2% and 2.8% respectively) than they did for smoking (both 0.6%). A greater
proportion of young people did not know the harms of vaping (about 11.5%) than did not
know the harms of smoking (less than 1%).

Half of 16 to 19 year olds perceived vaping to be ‘slightly’ or ‘somewhat’ addictive (50.7%),
one-third perceived vaping to be ‘very’ or ‘extremely’ addictive (31.7%), and few (6.3%)
perceived vaping to be ‘not at all’ addictive, with 11.1% saying they did not know.

Over half of 16 to 19 year olds perceived that vaping makes quitting smoking permanently
‘a bit’ or ‘a lot easier’ (60.0%). Many (14.2%) thought it had ‘no effect’, just under one-tenth
(9.6%) perceived that vaping made quitting ‘a bit’ or ‘a lot harder’, with 15.9% saying that
they did not know.

Overall, just over half of 16 to 19 year olds reported noticing any education campaign or
public health message about vaping in the past 12 months (53.0%).

Adult smokers’ and vapers’ harm perceptions of vaping in England

Among adult smokers in 2021 STS data, just over a third (34.1%) accurately perceived
that vaping was less harmful than smoking. But around a third (32.1%) inaccurately
thought that the harms from vaping and smoking were about the same, 11.9% inaccurately
thought that vaping was more harmful than smoking, and 22.0% said they did not know.

The proportion of adult smokers who inaccurately perceived that vaping was more harmful
or equally harmful than smoking has declined since 2020 by 2.9 and 5.6 percentage points
respectively. The proportion of smokers who accurately perceived that vaping is less
harmful than smoking increased by 5.0 percentage points since 2020 (the first time we
have seen an increase in this measure since 2014). However, there seems to be growing
confusion about the relative harms of vaping compared with smoking. STS found that the
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proportion of adult smokers who said that they did not know whether smoking or vaping
was more harmful has more than doubled from 9.5% in 2019 to 22.0% in 2021.

In the ASH-A survey, overall, few (13.9%) current adult smokers and vapers accurately
believed that none or a small amount of the risks of smoking were due to nicotine, with:

e 23.9% reporting ‘under half the risk’

e 17.3% reporting ‘around half the risk’

e 26.9% reporting ‘much more than half’ or ‘nearly all’ the risk
e 18.1% reporting that they did not know

There was a notable gradual increase in correct nicotine risk perceptions among adults
depending on participants’ experience with vaping. The proportions that correctly reported
that ‘none’ or ‘a very small amount’ of the health risks from smoking come from nicotine in
tobacco cigarettes included:

e 10.8% of current smokers
e 15.6% of smokers and vapers

e 20.3% of exclusive vapers

Systematic review of vaping harm perceptions

We have included a systematic review of vaping harm perceptions examining interventions
to change them, and longitudinal associations with vaping and smoking behaviours.

Interventions to change perceptions

We identified 32 articles (from 29 studies) addressing our first research question:
1. What interventions have been effective in changing harm perceptions?
Studies involved either adults or young people, and addressed:

o relative perceptions of the harms of vaping (compared with smoking)

o absolute perceptions of the harms of vaping or addictiveness (vaping compared to non-
use of tobacco or nicotine products), such as the perception that e-cigarettes contain
harmful chemicals, cause heart disease or cancer, or that vaping is addictive)

e perceptions of the harms of nicotine (including perceived addictiveness of nicotine)

71



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Of the 32 articles, there were:

o 13 articles (from 10 studies) assessing interventions involving written information about
vaping

e 4 studies assessing educational workshops or videos designed to deter vaping
e 5 studies assessing mass media campaigns or advertisements

e 3 studies assessing warning labels and packaging

o 3 studies assessing video games aimed to prevent youth vaping

e 4 studies assessing whether vaping harm perceptions changed after the EVALI
outbreak

Our review found that interventions communicating information about the reduced harms
of vaping relative to smoking generally increased people’s perceptions that vaping is less
harmful than smoking. Most of this evidence came from studies of adults.

We also found that interventions communicating information about the absolute harms of
vaping (vaping compared to non-use of tobacco or nicotine products) generally increased
the perception that vaping:

e is harmful to health
e can lead to developing diseases or other health issues
e is equally or more harmful than (relative to) smoking

Most of these interventions were aimed at young people or young adults specifically to
deter them from vaping by providing information about vaping harms.

EVALI increased people’s harm perceptions of vaping, including inaccurate perceptions
relative to smoking.

Warning labels highlighting that vaping is harmful and addictive generally increased
people’s perceptions that vaping is harmful to health and is addictive.

Vaping harm perceptions predicting changes in behaviour

We identified 21 studies addressing our second research question:

2. To what extent do vaping harm perceptions predict any changes in vaping and
smoking behaviours?

72



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Studies assessed young people, young adults or adults, and assessed associations
between vaping harm perceptions and vaping and smoking behaviours.

For vaping among young people and young adults:

e 14 studies assessed associations between vaping harm perceptions and changes in
vaping behaviours

o 3 studies assessed associations between vaping harm perceptions and changes in
smoking behaviours

For vaping among adults:

e 6 studies assessed associations between vaping harm perceptions and changes in
vaping behaviours

o 3 studies assessed associations between vaping harm perceptions and changes in
smoking behaviours

Our review found that vaping harm perceptions consistently predicted subsequent
changes in vaping behaviours among young people, young adults and adults.

Perceiving vaping as less harmful than smoking predicted subsequent increases in vaping
(including starting vaping) among young people and young adults, but also among adults
and adult smokers. Conversely, perceiving vaping as harmful was associated with not
starting vaping among young people and young adults.

Substantially fewer studies assessed whether people’s vaping harm perceptions predicted
subsequent changes in their smoking behaviours. However, the limited evidence suggests
that perceiving vaping as equally or more harmful than smoking predicted subsequent
relapse to smoking among adult former smokers. Also, perceiving vaping as less harmful
than smoking predicted quitting smoking. But among young people and young adults,
relative and absolute harm perceptions (sometimes including perceived risk of addiction)
were not associated with starting smoking. Absolute harm perceptions were not associated
with smoking more.

In general, the findings were broadly consistent with people’s normal expectations for
approaching what they perceive to be lower harm and avoiding what they perceive to be
greater harm.

Taken together, the findings suggest that messages about the harms of vaping influence
vaping perceptions. This in turn affects people’s vaping and smoking behaviours.
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Providing information aimed to deter young people from vaping (for example, highlighting
the harms of vaping) can increase their perceptions of the harm of vaping to health, which
in turn can deter them from trying vaping. Conversely, providing information aimed to
increase accurate relative perceptions of vaping compared to smoking can increase
accurate relative perceptions of vaping compared with smoking. This could lead adult
smokers to try vaping, reduce risk of relapse to smoking among adult former smokers who
vape, but it could also lead to young people trying vaping.

The effects of vaping harm perceptions on longer-term vaping, smoking, and vaping as a
substitute for smoking, remain unclear.

Risk of bias was high for all included studies for both our research questions.

Implications

The need for carefully designed interventions

Given a substantial proportion of young people and adult smokers and vapers in England
still hold inaccurate perceptions of the relative harms of vaping compared with smoking
(that vaping is equally or more harmful than smoking), these misperceptions need to be
addressed.

Providing accurate information about the relative harms of vaping, and risks of using
nicotine, could help to correct misperceptions of vaping and nicotine, respectively,
particularly among adults.

Interventions on absolute harms of vaping need to be carefully designed so as not to
misinform young people (particularly smokers) about the relative harms of smoking and
vaping.

The need for research on effects of warning labels highlighting relative harms of
vaping and smoking

Warning labels highlighting that vaping is harmful and addictive generally increased
perceptions that vaping is harmful to health and is addictive. No studies assessed the
effects of warning labels highlighting the relative harms of smoking and vaping, on relative
harm perceptions. So, these studies are needed.

Other research needed

No studies among young people or young adults assessed whether vaping harm
perceptions predicted subsequent switching from smoking to vaping, or the other way
around. So, studies addressing substituting smoking with vaping in young people, young
adults and adults are needed.
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More longitudinal randomised studies assessing interventions to change vaping harm
perceptions are needed. There is also a need for studies that assess whether changes in
vaping harm perceptions (in response to interventions) and vaping and smoking
behaviours (associated with harm perceptions) are maintained over time (particularly into
adulthood).

Importance of effective communications

Communications about absolute and relative harms of vaping and smoking are likely to
reach both young people and adults. From an ethical standpoint, the main aim of these
communications must be to ensure that the messages give accurate information about
absolute harms of vaping, and the relative harms of vaping compared to smoking, to
address the prevalent misperceptions. Messages will need to be carefully developed and
nuanced to avoid unintended effects (for example, ‘less harmful’ translating to a perception
of ‘safe’) and should be tested on target audiences first. Finally, continued surveillance of
perceptions in young people and adults is needed.

Chapter 16: Conclusions

In this chapter, we summarise the findings from each chapter and pull together the above
findings in the context of the series of evidence reviews since 2015. We also present the
conclusions from the systematic reviews in the form of evidence statements. We then
present overall implications for policy, practice and research.

Despite the increase in research on vaping since 2015, weaknesses around the choices of
assessments and biomarkers, populations, user groups and exposure, and study designs
all limit the conclusions that we can draw.

Overall findings in the context of our series of evidence reviews

We have previously stated, in our 2015 report, vaping poses only a small fraction of the
risk of smoking and is at least 95% less harmful than smoking (that is, smoking is at least
20 times more harmful to users than vaping). This was to help the public and health
professionals make sense of the difference in the magnitude of risk between vaping and
smoking.

We are aware that summarising the relative risks of vaping versus smoking across a range
of different products and behaviours and assessed across multiple biomarkers can be
simplistic and misinterpreted. Based on the reviewed evidence, we believe that the “at
least 95% less harmful” estimate remains broadly accurate, at least over short term and
medium term periods. However, it might now be more appropriate and unifying to
summarise our findings using our other firm statement: that vaping poses only a small
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fraction of the risks of smoking. As we have also previously stated and reiterate, this does
not mean vaping is risk-free, particularly for people who have never smoked.

This magnitude of relative risk between vaping and smoking is not reflected in current
public perceptions which, as our review has shown, can be influenced by interventions.

Evidence statements

In the chapters which reported on our systematic literature reviews of the health risks of
vaping and harm perceptions, and the 2022 Cochrane review on heated tobacco products,
we listed 61 evidence statements. These statements are based on the strength of
evidence, given the quality of the studies we reviewed and their findings. The statements
broadly follow the definitions of level of evidence in the NASEM report. As NASEM noted,
the framework is a guide, but a great deal of expert judgement, in our case by the co-
authors of our report, is also involved.

Recommendations for research

We made a number of recommendations for research. These included:

e involving people who currently smoke or vape to help shape and design research to
ensure research questions are relevant, interpret the evidence and support
dissemination

e agreeing a common set of biomarkers of exposure and potential harm to be used

e standardising the definitions of who is involved in the research, their exposure to
vaping and smoking, and how studies report details of the devices involved

e agreeing protocols for the different designs of studies used

e (Qreater transparency to reduce bias in research, for example pre-registration of study
protocols and analytical plans

Overall implications

Evidence from stop smoking services and the Cochrane living review for smoking
cessation (not covered in our report) shows that vaping is effective for stopping smoking.
These findings, along with our findings that vaping carries a small fraction of the health
risks of smoking, suggest that smokers should be encouraged to use vaping products (or
medicinally licensed products) for stopping smoking, or as alternative nicotine delivery
devices to reduce the health harms of smoking.

76



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Our findings of higher absolute exposure to toxicants from vaping, compared with not
using any nicotine products, reinforce the need to discourage people who have never
smoked from taking up vaping (or smoking). Cuts to government bodies responsible for
overseeing vaping products are concerning. The recent increase in young people using
disposable vaping products makes this an even greater concern, because if it continues, it
could undermine the approach and regulatory framework for vaping products adopted in
England.

As well as educational materials aimed at older smokers on why and how to vape to stop
smoking, educational materials are also needed for young people starting vaping who
would otherwise not have smoked, and for those who need support in stopping smoking.

It is vital that surveys that assess smoking and vaping are adequately resourced and
maintained over time to enable long term trends to be assessed. For example, it would be
useful for the Adult Population Survey to include questions about nicotine vaping product
use, given the prevalence of vaping.

Public perceptions of absolute and relative vaping harm are not in line with the evidence
and our findings indicate that these perceptions influence subsequent vaping and smoking
behaviours. We also found that interventions can influence perceptions. So, understanding
and changing misperceptions is very important.

Systematic reviews are resource intensive, and since our July 2021 cut-off date for
searching the relevant literature for the health chapters, new studies have been published.
Future evidence reviews of the health harms of vaping should adopt a continual approach
to updating the literature, similar to the living systematic review for e-cigarettes for smoking
cessation by the Cochrane Tobacco Addiction Group. This would ensure that relevant new
evidence would be incorporated as it becomes available, and would help policy makers to
use the most up-to-date evidence.
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1 Introduction

1.1 Objective of the report

This report is the eighth in a series of independent reports commissioned formerly by
Public Health England (PHE) (1 to 7) and now the Office for Health Improvement and
Disparities (OHID) in the Department of Health and Social Care (DHSC), to summarise
evidence on vaping products to inform policies and regulations. Alternative nicotine
delivery devices such as vaping products can play a critical role in reducing the enormous
health burden caused by cigarette smoking, which remains the largest single risk factor for
death and years of life lived in ill-health and a leading cause of health inequalities in
England, and the second most important risk factor for death and Disability Adjusted Life
Years globally (8). However, the impact of nicotine vaping products will depend on how
much they displace smoking completely, including among disadvantaged smokers, the
extent of uptake among young people, and the absolute health effects of vaping, as well
as the relative health effects compared with smoking.

This current report focuses predominantly on the potential health risks of vaping. We
carried out a systematic review of the health risks of vaping and divided the findings into
chapters covering: biomarkers of exposure to nicotine and potential toxicants; biomarkers
of potential harm to health cutting across several diseases; biomarkers specific to cancer,
respiratory disease and cardiovascular disease; poisonings, fires and explosions; nicotine
and flavours; and then a chapter covering other health outcomes. This report also covers
the latest evidence on prevalence and characteristics of vaping in young people and adults
in England, with a focus on data emerging since our last report published in early 2021 (5),
prevalence of heated tobacco product use in England, incorporating a summary of the
latest Cochrane Review on heated tobacco products (9), and a new systematic review on
harm perceptions of vaping products and interventions to affect the perceptions.

1.2 Terminology

This report explores nicotine vaping. The term ‘vaping products’ used in the report
describes e-cigarettes and refill containers (e-liquids) intended for nicotine vaping. Some
vaping products do not always contain nicotine - where studies explored products without
nicotine, we refer to them as non-nicotine vaping/vaping products.

The term ‘vapers’ in the report refers to people who use vaping products and ‘vaping’ as
the act of using a nicotine vaping product.

We refer to non-users’ exposure to vaping emissions as ‘secondhand vaping exposure’.
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These terms do not include cannabis vaping or the vaping of other legal or illegal
substances, which are not the subject of this report.

1.3 Vaping products

Vaping products are manufactured by tobacco industry companies and companies
independent of the tobacco industry. A recent paper using 2019 survey data indicated that
just over half (53%) of respondents who vaped used a tobacco industry product (10).
Vaping products come in a variety of shapes and sizes which can be broadly categorised
as:

1. Disposable vaping products: one-time (single use) products.

2. Cartridge or pod vaping products: reusable, rechargeable kits designed with
replaceable cartridges or pods.

3. Tank vaping products: reusable, rechargeable kits designed to be refilled with liquid by
the user. These are often referred to as tanks, sometimes refillable devices; there are also
refillable pods available.

4. Modular vaping products: reusable, rechargeable kits often referred to as ‘mods’
(modifiables) that allow users to customise their product such as by regulating the power
delivery from the batteries to the heating element (sometimes these are included with
other tank models).

Survey data also showed that tobacco industry vaping products were less likely to be
refillable types (10).

1.4 Current vaping regulations in England

As detailed in our previous reports, non-nicotine containing vaping products fall under the
General Product Safety Reqgulations 2005, enforced by local authority trading standards.
Nicotine vaping products are largely regulated by the European Union Tobacco Products
Directive (2014/40/EC) (EU TPD), transposed into UK law by the Tobacco and Related
Products Reqgulations 2016 (TRPR). The national competent authority for the TRPR
regulations relating to vaping products is the Medicines and Healthcare products
Regulatory Agency (MHRA), acting for the Secretary of State for Health and Social Care.
A post implementation review was conducted by the government in January-March 2021
and published in March 2022; this is discussed below.

Table 1 adapted from our previous reports gives a brief overview of the current regulations
pertaining to nicotine vaping products in the UK. The regulations are largely similar to
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those in the European Union (EU). The most up-to-date advice on regulations for
consumer nicotine vaping products is in the MHRA's E-cigarettes: requlations for
consumer products.

Summary of the UK nicotine-containing vaping product regulations

The following summary has been adapted from Vaping in England: an evidence update
including mental health and pregnancy, March 2020: a report commissioned by Public
Health England (3).

Notification requirements

Vaping product manufacturers must submit a range of details to MHRA before putting a
product on the market and update when products are manufactured or withdrawn

Maximum capacities and nicotine strength allowed

Tank capacity: 2mL
E-liquid refill container capacity: 10mL

Strength of e-liquid: 20mg/mL

Other safety and quality standards

Child-resistant and tamper evident packaging
Prohibition of certain additives such as colourings

Protection against breakage and leakage, and a mechanism for ensuring re-filling without
leakage

Information provision

Health warning and provision of information on pack or device/bottle

Advertising

All broadcast media and cross-border advertising prohibited
Domestic advertising allowed such as outdoor, posters, cinema, etc
All advertising must adhere to a Committee of Advertising Practice Code

Health claims on advertising are allowed under strict conditions
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Age of sale law

18 years minimum age and proxy purchasing also prohibited

Public places

No legislation but local proprietors or organisations can decide

Taxation

20% VAT (substantially lower than tax on tobacco products)

1.5 MHRA safety monitoring

Vaping products notified to the MHRA

The MHRA has a public facing database of products that have been notified including a list
of withdrawn notifications. There were over 8,000 notifications made using the new system
put in place following the UK'’s exit from the European Union on 1 January 2021. A historic
list of previously notified products published for supply in Great Britain prior to 1 January
2021 is also available from the same website, some of which are still legal to supply. There
may also be some overlap between the 2 lists.

Retailers are advised to check these lists when sourcing new supplies of any vaping
product or vaping liquid. Consumers can also check these lists if interested.

A study published in 2021 by Nyakutsikwa and others at the University of Nottingham in
England (11), analysed data reported to the MHRA via the EU Common Entry Gate
system in the first year of operation (from November 2016 to October 2017). During this
period, 40,785 e-liquid-containing products were notified to the MHRA. Reports were not
standardised in relation to units of measurement or constituent terminology.

The mean volume of e-liquid was 10.1mL, and products listed an average of 17
ingredients. Just over half the products (59%) contained under 12mg/mL nicotine with a
small minority (less than 1%) having nicotine concentrations above the legal limit of
20mg/mL. More than 1,500 ingredients were identified, of which the most common 6 non-
flavours and 38 flavours were identified in more than 10% of products. Flavourings
identified are discussed in chapter 6 on flavours. The most common non-flavours other
than nicotine were propylene glycol (97.5% of products), glycerol/vegetable glycerine
(71.0%), water (34.7%), glycine (33.1%) and ethanol (26.3%), that were typically
categorised as carriers. A number of heavy metals, present in no more than 0.01% of
products, including iron, zinc, nickel, lead and titanium, were listed in the database. The
most frequently reported emissions were nicotine (65%) formaldehyde (48%),
acetaldehyde (40%), acrolein (31%) and diacetyl (6%). Most common emissions, other
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than nicotine or those listed as carriers, were present in median estimated concentrations
for the most part, below published safe limits for ambient air (12, 13).

Nyakutsikwa and others (11) suggested that their findings were cautiously optimistic that in
most cases, products notified to the MHRA in 2016 to 2017 were unlikely to cause serious
long-term harm, and that it identified opportunities to minimise the potential hazards of e-
liquid -containing products on the UK market by both imposing a standardised reporting
system so that analysis can be more inclusive, and by acting to bring down emission levels
to below likely safe limits.

Analysis of this database is very time-consuming and laborious. Products will have
changed somewhat since 2017 and it would be helpful for surveillance purposes if an
analysis of notified products could be implemented biennially, funded by government.

MHRA Yellow Card scheme

As discussed in previous reports, the MHRA runs a Yellow Card reporting scheme for
vaping products.

The MHRA's Yellow Card scheme collects and monitors information on safety concerns or
incidents involving medicines or medical devices in the UK. It is based on voluntary
reporting by health professionals and the public. Accordingly, anyone can report an
adverse reaction that they suspect to be related to vaping. The reports are therefore not
evidence of a proven side effect nor of a causal link between vaping and the suspected
adverse reaction. The MHRA's Yellow Card scheme comprises all reports submitted by
consumers, healthcare professionals as well as those reported by industry. In 2019, the
MHRA had requested that all suspected respiratory reactions that had been reported to
industry were shared with the MHRA, meaning that data from the Yellow Card scheme are
not directly comparable over time.

The purpose of this reporting scheme is to enable regulatory action to be taken as
appropriate and in response to its assessment of those reports. Alongside national
regulations, the MHRA also works with local Trading Standards teams to investigate
concerns that might relate to specific products (see below).

A data request to the MHRA identified that as of 13 January 2022 and since the Yellow
Card scheme was put in place for vaping products on 20 May 2016, it had received 257
Yellow Card adverse reaction reports covering 720 adverse reactions.

The MHRA with its internal team of expert medical assessors determines the seriousness
of a report based on whether the reaction term is considered serious in the medical
dictionary, MedDRA (14), which is used to code all adverse reaction reports, and the
Council for International Organisations of Medical Sciences (15) seriousness criteria. The
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MHRA also allows a reporter to state that they consider a report serious for another
reason.

Between 1 January 2021 and 13 January 2022, 14 of the reports were considered serious
(resulting in a total of 122 serious reports since May 2016) and 12 non-serious (resulting in
a total of 135 non-serious reports since May 2016). There were no fatalities reported
between 1 January 2021 and 13 January 2022.

No new specific requests to industry were made for respiratory disorder reactions since
our last report (5) and no reports were received from the industry.

A new National Institute for Health and Care Excellence (NICE) guideline published on 30
November 2021 (16) (see below) recommended that health professionals ask adults who
use nicotine-containing vaping products about any side effects or safety concerns that they
may experience, report these to the MHRA through their Yellow Card scheme and also
advise people that they can report side effects directly.

Table 1. MHRA Yellow Card reports of suspected adverse reactions associated
with nicotine-containing vaping products received between 20 May 2016 and 13
January 2022

Reaction nhame Number of reactions

Blood disorders 1
Cardiac disorders 15
Ear disorders 4
Endocrine disorders 1
Eye disorders 7
Gastrointestinal disorders 90
General disorders 86
Immune system disorders 18
Infections 13
Injuries 16
Investigations 5
Metabolic disorders 3
Muscle and tissue disorders 9
Nervous system disorders 50
Pregnancy conditions 1
Product label/physical/quality issues 32
Psychiatric disorders 9
Respiratory disorders 337
Skin disorders 20
Vascular disorders 3
Total reactions for drug 720
Total reports (a) 257
Total fatal outcome reports 3(b)

83



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Table notes: (a) The number of reports is lower than the total reactions because each
report constitutes an individual for whom more than one adverse reaction could have been
reported. (b) There were no fatalities reported during this period; three suspected fatalities
had been reported in 2019 to 20 and discussed in our previous report.

Adverse reactions for licensed stop smoking medicines

The MHRA also publishes information about suspected adverse effects of nicotine
replacement therapy and varenicline in the form of interactive Drug Analysis Profiles
(iDAPs). For context, from January to December 2021 the iDAP for nicotine replacement
therapy included 601 reactions from 297 reports, and no fatalities; the iDAP for varenicline
in the same reporting period included 153 adverse reactions from 78 reports, with no
fatalities.

Varenicline recall

In June 2021 Pfizer, the sole supplier of Champix (varenicline) in the UK temporarily
stopped its distribution after it found presence of nitrosamines (N-nitroso-varenicline) in its
products. The MHRA initially issued an alert about the disruption to supply in June 2021
and a recall of Champix in October 2021 (17).

The MHRA's recall was a precautionary measure due to presence of levels of N-nitroso-
varenicline above the acceptable level of intake set by both the European Medicines
Agency and MHRA. Since this time health professionals have not been able to prescribe
Champix and were advised to switch patients to nicotine replacement therapy or
bupropion.

1.6 Medicinal nicotine vaping products

There are still no nicotine vaping products licensed as a medicine and available on the
market. As outlined in our 2018 report (6), licensed vaping products would be exempt from
the Tobacco and Related Products Regulations 2016 (TRPR) and subject to medicinal
regulations instead. For example, this would enable higher nicotine content, the products
to be promoted for smoking cessation, and would enable health professionals to prescribe
the products, including to more disadvantaged smokers.

The MHRA guidance for medicinal vaping products was first published in 2017 but since
that time, no licensed vaping products had been brought to market. In our last report (5),
we stated that in December 2018, the MHRA announced it would convene an Ad Hoc
Working Group for E-cigarettes which met in 2019 to 2020. On 29 October 2021, the
MHRA published updated guidance for companies wishing to apply for licensing of a
vaping product as a medicine (18). The updated guidance was intended to clarify the
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requirements for licensing, and at its launch, the MHRA indicated it was encouraging
manufacturers to come forward with applications to license vaping products.

Dr June Raine, Chief Executive of the MHRA, stated at the launch of the updated
guidance:

"The updated guidance on licensing requirements we have published
today is a strong first step towards availability of safe and effective
licensed e-cigarette products. The MHRA will continue to support
companies in the development of safe and effective e-cigarette products,
to encourage the licensing of e-cigarette products as medicines in order to
support patient-centred care and access" (18).

The changes predominantly focused on quality standards for dose uniformity, non-clinical
toxicological data requirements and the design of clinical pharmacokinetic studies, in
addition to changes necessitated by the UK leaving the EU. It shortened review timelines
to 80 days for review and 150 days for targeted decisions.

Since that time, however, we are aware that concerns have been raised that these revised
timelines are not being met. We understand that the MHRA are giving the issue greater
priority but we consider that it is likely that the planned restructuring of the MHRA may
exacerbate the situation (19, 20).

1.7 Local authority trading standards

Trading standards officers have a sub-regional footprint working in local authorities. They
enforce consumer legislation in their local areas, which includes advice on consumer law,
such as consumer safety and counterfeit goods, investigating complaints and prosecuting
traders who break the law.

In previous reports we have summarised surveys of tobacco control activities in local
authority trading standards services in England, carried out by the Chartered Trading
Standards Institute (CTSI). However, there have been no new surveys in the last two
years due to a combination of the COVID-19 pandemic and reduced financial resources.
Our understanding is that there are currently no plans to reinstate it.

Instead, we report findings from a national project in Scotland, conducted by the Society of
Chief Officers of Trading Standards in Scotland (SCOTSS) and the National Tobacco and
Age Restricted Products (TARP) Groups (21). The national project was in response to
information from trading standards throughout the UK that illegal single use nicotine
containing vaping products were being sold in retail premises and were being used by
people under the age of 18, often inside schools. The disposable vaping devices of
concern are single use products that are a brightly coloured sealed unit which are similar
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in appearance to a large highlighter pen. They usually contain nicotine salt liquid and a
lithium-ion battery and come in a wide variety of flavours. They are designed to be thrown
away once they run out of charge or e-liquid.

SCOTSS and TARP coordinated surveillance of stock and enforcement activities in 21
local authorities between 15 October and 24 December 2021 and collated the outcomes. A
total of 721 retail and wholesale premises were visited; 88,839 disposable vaping devices
were removed from sale. It is not reported what proportion of devices this represented.
These were either not labelled correctly in accordance with the TARP Regulations, did not
contain sufficient Classification, Labelling and Packaging EU regulation information and
approximately 70% of all products and brands found during the project had not been
approved and published by the MHRA. Where they had been notified, 89 unique products
included the word ‘energy’ or ‘lite’ in the name, which is prohibited under TRPR. Of the
non-compliant devices, 3,683 had a capacity of over the legal limit of 2mL. All the
discovered devices were imported from China.

Some authorities in Scotland also conducted compliance testing of age of sale verification.
Retailers are obliged to have an age verification policy which states that they ask anyone
attempting to buy a nicotine containing product who looks under the age of 25 for
photographic proof of age. Between 1 August 2021 and 31 January 2022 there were 36
recorded incidents relating to the supply of vaping products to under 18 year olds and a
further 9 related to the supply to under 18s who had not been asked for any proof of age
during integrity testing projects run by Aberdeen City and North Lanarkshire Council.

The report recommended that:

o disposable vaping devices should be inspected by trading standards at their point of
entry into the country

o the monitoring of the market should be conducted on behalf of the Secretary of State
for Health and Social Care by the Office of Product Safety and Standards (OPSS) and
MHRA

o the regulations relating to waste batteries in particular regarding the disposable vaping
device market, should be enforced by the OPSS

e including inspection of the packaging and the disposable vaping devices as part of the
notification process conducted by the MHRA would be a positive step in controlling this
market

e MHRA should add definitive advice to the electronic cigarette information pages on
their website
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There are numerous reports in the press and on council websites in England of seizures of
illegal disposable vaping products (due to similar reasons described above), but as yet
there is no formal report pulling this information together across England which would help
to give a national perspective of this issue. However, a study of underage access to vaping
products is currently being conducted by the Chartered Trading Standards Institute in
England.

1.8 Advertising

We reported previously that the blanket ban on health claims on permitted forms of vaping
product advertising (domestic channels) was lifted in November 2018, but that the
guidance for health claims states that they need to be product-specific and supported by
evidence (3). To our knowledge, no marketers for vaping products have made a health
claim. These conditions should therefore be part of the proposed review of vaping product
regulations (see below).

On 31 March 2021 Cancer Research UK published a report (22) examining the marketing
of vaping products in the UK bringing together 2 complementary studies covering
advertising spend, advertising content, compliance with advertising regulations and survey
data on noticing and appeal of marketing among adults between 2016 and 2018 and youth
between 2017 and 2019 across England, the US and Canada.

Findings included that:

e almost all of vaping product advertising expenditure was in permitted channels in 2019
and that compliance with the advertising code (see summary of the UK nicotine-
containing vaping product regulations above) was generally high in a sample of the
advertisements which were studied

e expenditure was not available for point of sale and social media marketing channels
but in a sample of Instagram posts studied for compliance, all were found to be in
violation of the code

e the proportion of young people who had never smoked or vaped noticed marketing for
vaping products at consistently higher rates than adults who smoked

o there were high rates of noticing across social media despite it being a prohibited
channel

e small increases in youth noticing vaping product marketing in allowed channels

e increases in youth perceptions that vaping product advertisements targeted people
who did not smoke
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e Cross-country comparisons suggested that vaping product marketing regulations in
England were limiting exposure to both adults and youth

These findings suggested that the current regulations might need adjustments to balance
between marketing targeting adults who smoke, but not reaching young people who are
unlikely to ever take up smoking or vaping.

Concerns have been expressed about vaping product packaging and the use of imagery
that will attract youth such as cartoons (23). These issues were also picked up by the All
Party Parliamentary Group on Smoking and Health recommendations for the new tobacco
control plan and the Action on Smoking and Health (ASH) and SPECTRUM submission to
the post implementation review of the TRPR which are discussed further below.

1.9 UK government strategies, consultations and relevant
commissioned work

Tobacco control plan for England

A new tobacco control plan, initially announced for 2021, has not yet been published. The
ambitions set out in the 2017 tobacco control plan for England (24) therefore currently
remain in place. In our 2021 report (5), we discussed the progress made towards the
ambitions set out in the 2017 tobacco control plan and below we revisit this with the latest
data.

Ambition 1. The first smokefree generation

“People should be supported not to start smoking, so we aim, by the end of 2022 to:
e reduce the prevalence of 15 year olds who regularly smoke from 8% to 3% or less.
e reduce smoking prevalence among adults in England from 15.5% to 12% or less.

e reduce the inequality gap in smoking prevalence between those in routine and manual
occupations and the general population.”

Prevalence of 15 year olds who regularly smoke was to be assessed by the Smoking,
Drinking and Drug Use Survey; the latest data available are still from 2018 which were 5%
(25). Prevalence of smoking among adults in England was to be assessed by the Annual
Population Survey; in 2019, smoking prevalence was 13.9% (26). For 2020, data collection
was disrupted due to COVID-19 and data have been published separately for the first
quarter (13.5%) and later quarters (12.1%) due to a change in data collection modality
which reduces comparability of prevalence figures (27).

88



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Reducing the inequality gap in smoking prevalence between those in routine and manual
occupations and the adult population as a whole can be assessed by the Office for
National Statistics (ONS) from the Annual Population Survey — 26.5% in the routine and
manual category (2016) compared to overall adult smoking prevalence of 15.5% (2016),
working out as a ratio of 1.7; in 2019, prevalence was 23.4% in the routine and manual
category compared to adult smoking prevalence of 13.9% (26), again a ratio of 1.7. Using
data from April to December 2020 with the caveat of the different data collection modality,
smoking prevalence was 21.4% among those in routine and manual occupations, 1.8
times the prevalence of 12.1% in the overall adult population, which shows no
improvement compared with data from 2016 and 2019.

Ambition 2. A smokefree pregnancy for all

“Every child deserves the best start in life, so we aim, by the end of 2022 to:
e reduce the prevalence of smoking in pregnancy from 10.7% to 6% or less.”

Prevalence of smoking in pregnancy was to be assessed by the NHS Digital Smoking
Status at Time of Delivery data; in the first 2 quarters of 2021 to 2022 (April to September
2021), 9.1% of women were recorded as smoking at the time of delivery (28, 29).

Ambition 3. Parity of esteem for those with mental health conditions

“People with mental ill health should be given equal priority to those with physical ill health,
S0 we aim to:

e improve data collected on smoking and mental health to help us to support people with
mental health conditions to quit smoking

e make all mental health inpatient services sites smokefree by 2018.”

As we reported in our last report (5), the improvement in data collected on smoking and
mental health to help support people with mental health conditions to quit smoking is
variable. There are now better data about smoking prevalence from the annual General
Practice Patient Survey. There have also been improvements in data collection about
smoking status and the provision of brief advice for people in inpatient mental health
settings through the Preventing ill health by risky behaviours: alcohol and tobacco
Commissioning for Quality and Innovation (CQUIN) indicator. However, data collection in
community mental health settings remains poor.

We also previously reported (5) that in relation to the ambition to make all mental health
inpatient services sites smoke-free by 2018, a survey by ASH in 2019 found that 37 of 45
mental health trusts that responded to the survey (82%) prohibited smoking on all trust
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premises (30). Note there are 54 mental health Trusts in England overall. A more recent
survey has not been carried out.

Ambition 4: Backing evidence-based innovations to support quitting

“We are committed to evidence-based policy making, so we aim to:

e help people to quit smoking by permitting innovative technologies that minimise the risk
of harm.

e maximise the availability of safer alternatives to smoking.”

In chapter 4 (vaping among adults) of this report we discuss the proportion of quit smoking
attempts that are made using a vaping product. As reported previously (5), vaping
products are widely available in England, but perceived relative availability compared with
tobacco cigarettes has not been assessed to our knowledge. Also, we comment on the
lack of a licensed vaping product above, which might increase accessibility to more
disadvantaged smokers.

In conclusion therefore, the smokefree mental health services ambition appeared to have
been missed in 2018, the smoking in pregnancy ambition looks very unlikely to be met,
and the inequality gap does not appear to be reducing. The adult and youth ambitions
appear potentially achievable although continuing COVID-19 disruptions to routine surveys
make assessment of these difficult.

Advancing our health: prevention in the 2020s

In our 2021 report (5), we discussed the government’'s Green Paper consultation
document published in July 2019, ‘Advancing our health: prevention in the 2020s’ (31). In
this Green Paper, the government stated that its ambition was to go smoke-free in
England (smoking prevalence at 5% or below) by 2030. For clarification, vaping is not
included in smoking prevalence and so the smokefree target does not include vaping.

The Green Paper included an ultimatum for industry to make smoked tobacco obsolete by
2030, with smokers quitting or moving to reduced risk nicotine delivery systems such as
vaping products. It invited ideas on ways to raise additional funding for tobacco control,
such as a levy on tobacco companies. Although the new tobacco control plan to deliver the
smokefree 2030 ambition was originally due to be published in July 2021, we understand
that this is now due to be published in 2022.

Post Implementation Review of the TRPR

In our last 2 reports (3, 5) we highlighted that the UK government had committed to review
the TRPR (32) by 20 May 2021 to assess whether the regulations had met their
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objectives. This Post Implementation Review was published in March 2022 based on a
review of commissioned evidence, published peer-reviewed evidence, responses to a
public consultation and assessment of key indicators (33). The DHSC concluded that the
TRPR regulations had met their original objectives and they could not be better achieved
through alternative regulatory measures.

Some areas with potential for amendments were identified which included some relevant
to vaping products, derived mainly from stakeholder comments. Some stakeholders raised
concerns that the nicotine strength limits were not high enough to help some smokers
switch permanently to exclusive vaping and help the government achieve its smokefree
2030 ambition. In addition, many from industry, other organisations and vapers felt the
tank size limits, and bottle sizes should be increased as they were inconvenient. In terms
of the TRPR requirements for vaping product warning messages, the review included a
study suggesting that they may deter smokers from switching to vaping products. Some
stakeholders also wanted stronger regulations for vaping products in terms of restricting
the packaging and descriptor names to protect youth from using these products. There
were also some other tobacco and nicotine products that the regulations did not cover,
with some suggesting they should do. For example, some stakeholders thought the non-
nicotine vaping industry should be regulated in the same way as nicotine vaping and that
nicotine pouches and other novel nicotine products should also be regulated under the
TRPR regulatory framework. This would improve standards and consumer safety, and
ensure regulation was coherent. Overall, the evidence presented was seen as providing a
strong argument for retaining the regulations. However, the government indicated it would
consider the proposed amendments made by stakeholders when considering any further
regulatory reforms necessary as part of its plans to meet the smokefree 2030 targets, but
that any changes would be based on ‘robust evidence and support improvements to public
health’.

The All-Party Parliamentary Group on Smoking and Health
recommendations for the Tobacco Control Plan 2021

In our last report (5) we discussed the Roadmap to a Smokefree 2030 which was
published by the Smokefree Action Coalition (34). In June 2021, a group of
parliamentarians lent their voices to this debate: the All Party Parliamentary Group (APPG)
on Smoking and Health published a set of recommendations for the new Tobacco Control
Plan (35). The APPG on Smoking and Health is a cross-party group of Members of
Parliament and Peers which was founded in 1976 and its secretariat is provided by the
charity ASH.

Indicating that at current rates of decline the smokefree 2030 target would be missed by 7
years, and by 14 years for the poorest in society, the APPG stated that investment would
be required (and recommended this be from the tobacco manufacturers), but that the
benefits would outweigh the costs. The APPG believed that the evidence about what
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policy levers work was clear, but that these levers needed to be pulled by government to
their fullest extent. The APPG set out 12 recommendations which they indicated needed to
be put in place by the end of 2021 and sustained until at least 2030. Three
recommendations covered setting the course for smokefree 2030 which included funding
and the need to set interim targets for 2025. Five recommendations urged to level up
through targeted investment, such as delivering anti-smoking behaviour change
campaigns targeted at routine and manual and unemployed smokers.

The final 4 recommendations focused on shaping the consumer environment and included
2 relevant to vaping products:

e reduce the appeal and availability of e-cigarettes and other nicotine products to
children

e make the route to medical licensing fit for purpose to allow e-cigarettes to be
authorised for NHS prescription

In relation to reducing appeal and availability to children, the APPG indicated that there
were loopholes in the current legislation which needed closing. They mentioned that non-
nicotine vaping liquids could be sold legally to children and there was no restriction on the
volume of these liquids nor how they were packaged. These are sometimes referred to as
‘short-fills’ and are then combined with nicotine shots which are sometimes given away for
free meaning that all these products can be accessed by children relatively easily. We first
brought attention to the issue of ‘short-fills’ in our 2018 report (6) and free vaping products
to youth in our 2021 report (5). The APPG highlighted ASH research suggesting that
restricting packaging designs would reduce the appeal of vaping to young people while
having little impact on adult smokers’ interest in using the products to quit smoking;
research on this is ongoing at King’s College London in collaboration with ASH and the
University of Waterloo in Canada. The second loophole was in relation to advertising of
vaping products on social media through channels such as Instagram and TikTok and the
APPG recommended that a review of enforcement processes be carried out to strengthen
the regulations. Overall, the APPG recommended that packaging and labelling shown to
appeal to young people be prohibited, such as product names or descriptors such as
sweet names (for example ‘gummy bears’), and attractive colours or cartoon characters on
packs. The APPG further recommended prohibiting free distribution; and review and revise
as necessary the current warning on vaping products to ensure its effectiveness in
deterring youth while not deterring use by adult smokers.

In relation to licensing vaping products, the APPG recommended that a licensed product
be available on the market by the end of 2022. It called on the MHRA to update its
licensing guidance and commit to providing support and feedback to companies preparing
applications (which has since been done as discussed above).
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Post implementation review of the Nicotine Inhaling Products (Age of
Sale and Proxy Purchasing) Regulations 2015

A report on the Nicotine Inhaling Products (Age of Sale and Proxy Purchasing)
Regulations 2015 was published in January 2021 as part of a post implementation review
report of tobacco legislation coming into force between 2010 to 2015 (36)

The policy objective of the regulations is to limit the sale of nicotine inhaling products to
adults only, to limit the availability of nicotine for young people and minimising young
people becoming addicted to nicotine. The regulations do not apply to tobacco products
which were already covered by age of sale legislation. The review concluded that evidence
and data available to assess this regulation were limited. Vaping prevalence among young
people has declined slightly since 2016, indicating that the regulation has served to check
any potential growth in vaping product use. It was noted that adult prevalence over the
same period has continued to increase. The conclusion of the post implementation review
cited our 2018 review as also showing no evidence of vaping acting as a gateway into
smoking tobacco, to which the regulations limiting sale of nicotine inhaling products to
adults likely played a role. Overall, the review concluded that the legislation had achieved
its original objective.

Independent review into tobacco control

In February 2022, as part of its work to tackle health inequalities, the UK government
launched an independent review into tobacco control in England (37). Javed Khan OBE,
former CEO of children’s charity Barnardo’s would review the government’s 2030
smokefree ambition and seek to identify the best ways to address health inequalities
caused by smoking. The review would cover smoking prevention and cessation
interventions and how both can be improved to support those who experience the biggest
harms from smoking. The findings were to inform the government’s new Tobacco Control
Plan discussed above.

Summary of UK situation

The new Tobacco Control Plan for England will set out the government’s strategy to reach
the smokefree 2030 target. This will need to be more ambitious than the previous plan and
be comprehensively funded if the target is to be met. The focus on inequalities is critical
given the persistent inequalities in smoking prevalence.

As in our previous review (5), we consider it appropriate that all aspects of vaping products
(and other non-tobacco nicotine products) be reviewed at this stage, in particular:

e regulation of non-nicotine vaping products given they are governed by different
regulations and bodies to nicotine vaping products
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e regulation of other non-tobacco nicotine products such as nicotine pouches which
entered the market after the implementation of the TRPR

e limits set on product characteristics, such as nicotine content, containers and tanks

e advertising restrictions

o labelling and packaging requirements

e regulations around harm reduction claims and validation

e licensing process for nicotine vaping products given no such products are yet available

e availability of products (free samples) and ease of purchasing by young people despite
age of sale regulations

1.10 New NICE guideline

Developing the guideline

The National Institute for Health and Care Excellence (NICE) published its new guideline
‘Tobacco: preventing uptake, promoting quitting and treating dependence’ on 30
November 2021 (16). The extensive guideline brings together and updates all NICE's
previous guidelines on using tobacco and presents recommendations on preventing
uptake of smoking, promoting quitting, treating tobacco dependence and policy,
commissioning and training.

The NICE committee carried out a number of systematic reviews covering the range of
issues in its enhanced remit and included evidence on vaping products in a number of
these. For example (and relevant to our evidence update), they reviewed the evidence on
long-term health effects of vaping products, as part of the development stage of the new
guidance (38).

The review aimed "to determine whether e-cigarettes cause any health harms or benefits
aside from their potential to reduce smoking-related harm". It did not include "the potential
reduction of harm of e-cigarettes when compared with smoking" but did include "the
potential harms and benefits inherent to e-cigarette use alone".

The committee searched several databases and websites up until July 2020, using a
broad approach to identify studies published since 1998, and followed up participants for a
minimum of one year: They screened 6,907 non-duplicate articles, retrieved 118 articles
for full text screening and included 2 articles in the review (39, 40).
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The Bhatta and others study (40) is included in our new systematic review, but we
excluded the Flacco and others study (39), because it only collected self-reported health
outcomes. The NICE committee had serious concerns about these 2 studies and
concluded they could not make recommendations about the long-term health effects of
vaping as a result of the review.

Recommendations for smoking cessation and preventing tobacco
use

NICE made 2 recommendations for preventing uptake of tobacco use:

"As part of the curriculum on tobacco, alcohol and drug misuse,
discourage children, young people and young adults who do not smoke
from experimenting with or regularly using e-cigarettes. Talk about e-
cigarettes separately from tobacco products.

"When discussing e-cigarettes, make it clear why children, young people
and young adults who do not smoke should avoid e-cigarettes to avoid
inadvertently making them desirable."

For smoking cessation, NICE recommended that nicotine-containing vaping products
should be accessible for adults who are trying to quit smoking, along with the existing
range of support options. NICE’s recommendations about advice that should be given
about the use of vaping products for smoking cessation are set out below.

Advice on nicotine containing e-cigarettes

"Give clear, consistent and up-to-date information about nicotine-containing e-cigarettes to
adults who are interested in using them to stop smoking.

Advise adults how to use nicotine-containing e-cigarettes. This includes explaining that:

e e-cigarettes are not licensed medicines but are regulated by the Tobacco and Related
Products Regulations (2016)

o there is not enough evidence to know whether there are long-term harms from e-
cigarette use

e use of e-cigarettes is likely to be substantially less harmful than smoking

e any smoking is harmful, so people using e-cigarettes should stop smoking tobacco
completely

Discuss:
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e how long the person intends to use nicotine-containing e-cigarettes for
e using them for long enough to prevent a return to smoking
e how to stop using them when they are ready to do so

Ask adults using nicotine-containing e-cigarettes about any side effects or safety concerns
that they may experience. Report these to the MHRA Yellow Card scheme, and let people
know they can report side effects directly.

Explain to adults who choose to use nicotine-containing e-cigarettes the importance of
getting enough nicotine to overcome withdrawal symptoms, and explain how to get enough
nicotine."”

NICE also included a number of recommendations for research on vaping products in the
guideline.

1.11 Selected international developments

Global policy scan

The Institute for Global Tobacco Control at Johns Hopkins University, Baltimore, US has
continued its scan of country laws regulating vaping products. As of November 2021, they
had identified 109 countries or other jurisdictions with regulations which they report in
several policy domains (41).

Sale of vaping products was regulated in 85 countries, and 28 of those ban the sale of all
types. Recent changes include Cambodia which banned the use, import and sale of
vaping products in March 2021 (42) and Panama, where in July 2021, the National
Assembly passed a bill banning vaping product imports, sales and use which has yet to be
implemented (43). A minimum age of sale was identified in 56 countries or jurisdictions.
Marketing was regulated or prohibited in 78 countries or jurisdictions with 6 of those only
regulating marketing of nicotine-containing vaping products. Thirty-eight
countries/jurisdictions had child safety packaging regulations and 51 required health
warnings on packaging. Product regulations included 39 countries/jurisdictions which
regulated nicotine concentration/volume, 39 that prohibited use of harmful ingredients
(except nicotine) in e-liquid or regulated flavours in e-liquid and 34 that regulated quality of
e-liquid content, required safety and quality evaluation, or had instituted other safety-
related regulations for vaping products. Pre-marketing notification and additional reporting
requirements, such as annual report of vaping product sales was required in 42
countries/jurisdictions. Sixty-six countries/jurisdictions prohibited or restricted vaping in
public places; this included 13 that banned vaping completely. Finally, 33
countries/jurisdictions were identified that taxed vaping products.
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World Health Organization

In July 2021, the WHO published a report on the global tobacco epidemic (44) which
focused on addressing new and emerging products, which mostly meant vaping products
(despite those not containing tobacco) including those without nicotine. Funded by
Bloomberg Philanthropies, it emphasised harms of vaping to users, non-users, youth and
tobacco control and stated that evidence on their potential role in smoking cessation was
inconclusive. On that basis, the report recommended that ‘where ENDS are not banned,
they should be regulated’ (44).

Recommendations included treating vaping as smoking in smoke-free places, not to use
vaping for smoking cessation, strong graphic health warnings, bans on advertising,
promotion and sponsorship, taxation as tobacco products, bans of online sales and sales
to minors and consideration of bans on flavours. The report also contained a chapter on
industry interference with a focus on ‘nicotine industry’. Both in this and a second report on
tobacco regulation (45), the WHO called for a ban on devices which allowed users to
control device features or liquid ingredients, which would mean that only disposable vaping
products and cartridge or pod vaping products remained on the market. Given the data we
show in chapter 4 on adult vaping, such a ban would seriously restrict what vaping
products are currently being used by adults in England, and based on the exploratory
research described earlier (10), could benefit the tobacco industry.

Call for a balanced policy

In September 2021, 15 US and UK scientists, all of them past presidents of the Society for
Research on Nicotine and Tobacco (SRNT), published an article calling for a different
balance in the consideration of the risks and benefits of vaping (46). After summarising
health risks, main concerns around youth vaping and the role of vaping in increasing
smoking cessation, they stated that the potential lifesaving benefits of e-cigarettes for adult
smokers deserve attention equal to the risks to youths and concluded that vaping could
have a much larger positive public health impact if more attention was paid to adult
smokers. Several responses to the article from other scientists were published (47, 48),
with one of the main points of criticism the original paper’'s comments on a split of the field
into opponents and supporters of vaping.

European Union

In April 2021, the Scientific Committee on Health, Environmental and Emerging Risks
(SCHEER), following a request from the European Commission, published their opinion on
vaping products (49). This was to assist the Commission with its reporting obligations
under Article 28 of the EU TPD and assist in assessing the need for any changes.
SCHEER published the following conclusions in its abstract:
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“The SCHEER concludes that on health effects
a) For users of electronic cigarettes

1. The overall weight of evidence is moderate for risks of local irritative damage to the
respiratory tract of users of electronic cigarette due to the cumulative exposure to polyols,
aldehydes and nicotine. However, the overall reported incidence is low.

2. The overall weight of evidence for risks of long-term systemic effects on the
cardiovascular system is moderate.

3. The overall weight of evidence for risks of carcinogenicity of the respiratory tract due to
long-term, cumulative exposure to nitrosamines and due to exposure to acetaldehyde and
formaldehyde is weak to moderate. The weight of evidence for risks of adverse effects,
specifically carcinogenicity, due to metals in aerosols is weak.

4. The overall weight of evidence for risks of other long-term adverse health effects, such
as pulmonary disease CNS and reprotoxic effects based on the hazard identification and
human evidence, is weak, and further consistent data are needed.

5. To date, there is no specific data that specific flavourings used in the EU pose health
risks for electronic cigarette users following repeated exposure.

6. The overall weight of evidence for risks of poisoning and injuries due to burns and
explosion, is strong. However, the incidence is low.

b) For secondhand exposed persons

1. The overall weight of evidence is moderate for risks of local irritative damage to the
respiratory tract mainly due to exposure to glycols.

2. The overall weight of evidence for risks of systemic cardiovascular effects in second-
hand exposed persons due to exposure to nicotine is weak to moderate.

3. The overall weight of evidence for carcinogenic risk due to cumulative exposure to
nitrosamines is weak to moderate.

Electronic cigarettes are relatively new in terms of exposure to humans. More research is
needed, in particular on long-term health effects.

Regarding the role of electronic cigarettes as a gateway to smoking/the initiation of
smoking, particularly for young people, the SCHEER concludes that there is moderate
evidence that electronic cigarettes are a gateway to smoking for young people. There is
strong evidence that nicotine in e-liquids is implicated in the development of addiction and
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that flavours have a relevant contribution for attractiveness of use of electronic cigarette
and initiation.

Regarding the role of electronic cigarettes in cessation of traditional tobacco smoking, the
SCHEER concludes that there is weak evidence for the support of electronic cigarettes'
effectiveness in helping smokers to quit while the evidence on smoking reduction is
assessed as weak to moderate."

SCHEER first published a preliminary opinion and opened it for consultation from 23
September to 26h October 2020 (50). They received 691 contributions and summarised
that the most frequent comments related to the lack of comparison with tobacco smoking,
the literature search and selection, the risk assessment methodology, the estimation of the
risk of second-hand exposure, the delivery of nicotine by vaping products, the lack of
recent data on vaping product use, and the conclusions on the gateway effect,
attractiveness and cessation. SCHEER took into account some of the comments and
included some of the suggested additional references (51). However, this did not address
overall methodological weaknesses which we had identified in our 2021 report (5), namely
that the methodology was not reported in sufficient detail in the report or annex to be able
to understand how the evidence summarised had been selected. As we previously stated,
established guidelines for systematically reviewing evidence and the reporting of reviews
(52) had not been followed. For example, the quality of the studies included was not
assessed and the search terms given for the review:

e did not capture all of the questions covered in the opinion

e had a start date of January 2015 and hence included studies of vaping products
marketed long before the TPD was in place

Additionally, the report included predominantly studies from the US which therefore
involved products which were regulated very differently from the TPD regulations.

United States

Postscript on ‘E-cigarette, or vaping, product use-associated lung injury' (EVALI)
outbreak

The ‘EVALLI’ outbreak was discussed in detail in our 2020 and 2021 reports (3, 5). The US
Centers for Disease Control and Prevention (CDC) concluded that: ‘tetrahydrocannabinol
(THC)-containing e-cigarette, or vaping products, particularly from informal sources like
friends, family, or in-person or online dealers, are linked to most EVALI cases and play a
major role in the outbreak” and “Vitamin E acetate is strongly linked to the EVALI
outbreak’, and this was endorsed in a subsequent published paper (53). While the advent
of vaping as a novel and less harmful drug delivery device provided the conditions for
EVALL, it is now clear that EVALI was not caused by nicotine vaping. Unfortunately, as
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discussed in chapter 15 (harm perceptions and communications), studies have shown that
perceptions of the absolute harm, relative harm of vaping compared to smoking, and
perceived addictiveness of vaping all increased after EVALLI. This included one study
carried out in the UK (54). An analysis of why nicotine vaping is not implicated in EVALI
and the implications of the mislabelling and miscommunications around EVALI has been
published, although not peer reviewed (55).

Authorisation process for vaping products

In the US, vaping product manufacturers were required to submit a Pre-Market Tobacco
Product Application (PMTA) to the US Food and Drug Administration (FDA) by

9 September 2020 to receive approval to sell their products (56). This date was brought
forward from August 2022 (57) following a court case brought by anti-tobacco groups (58).

There was a one-year period during which products with PMTA applications submitted
were permitted to remain on the market pending the FDA review of the applications.

On 11 October 2021, the FDA gave its first marketing approval for a vaping product.
Having previously denied applications from 55,000 flavoured tobacco products (59), Vuse
Solo vaping closed device and tobacco-flavoured e-liquid pods (Vuse Solo Power Unit,
and Vuse Replacement cartridges original 4.8% G1 and G2) gained clearance after the
manufacturers (British American Tobacco’s US subsidiary R. J. Reynolds Vapor
Company) satisfied the FDA that the products could help smokers reduce exposure to
harmful chemicals (60).

As we were finalising our report, further authorisations were issued to some LOGIC vaping
products manufactured by Japan Tobacco International, additional VUSE products from
R.J. Reynolds, and some NJOY vaping products manufactured by NJOY which is
independent of the tobacco industry.

The US publishes figures for PMTAs at different stages of review but notes that the
metrics can change due to the extremely large number of applications moving through the
many steps of the review process, so it is stated that the data are generally accurate to
within 10% (61). By 31 January 2022, PMTAs for over 8 million vaping products had been
received, and just over a million marketing denial orders were given.

A spending bill passed in March 2022 by the US Congress that covered a wide range of
topics also expanded the definition of an FDA-regulated ‘tobacco product’ to include those
that use laboratory-made (synthetic) nicotine (62). Synthetic nicotine products now on the
market have about 60 days from the signing of the law to submit an application to get a
PMTA order and then the FDA has 90 days to issue an order. This may impact
manufacturers and reduce the variety of brands on the market.
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Canada

Building on a suite of regulations enacted by the federal government in Canada on vaping
products and summarised in our previous reports (5, 7), in July 2021 Health Canada
enacted regulations establishing a maximum nicotine concentration of 20mg/mL for vaping
products (63, 64). Provincial, territorial and municipal laws also regulate vaping products
and their use.

Australia

In Australia, it is illegal to import, possess or use nicotine liquid without a doctor’s
prescription. Until October 2021, consumers could import nicotine liquid for vaping from
overseas for personal use through the Therapeutic Goods Administration (TGA) Personal
Importation Scheme with a doctor’s prescription. In October 2021, the Poisons Standard
was amended to capture all nicotine vaping products as prescription-only medicines (65).
The TGA said that the ban was designed to prevent young people taking up nicotine
vaping.

Nicotine liquids remain available for purchase from some Australian pharmacies on
prescription from a GP or the prescription can be used to import nicotine vaping products
through the Personal Importation Scheme (66). A streamlined process for the writing and
approval of nicotine prescriptions under the Authorised Prescriber Scheme was introduced
along with training for doctors. Vape shops and other vendors are not able to sell or supply
nicotine liquid.

The TGA has produced Questions and Answers for the change in requlations. There are
currently no regulations for the safety and quality of nicotine liquid. However, child
resistant closures were also made mandatory from 1 October 2021.

In February 2022, a consultation was opened (until 24 March 2022) on a new draft
Australian National Tobacco Strategy 2022 to 2030 which set out a target of 10% daily
smoking among adults by 2025 and 5% by 2030 (67). The existing National Tobacco
Strategy 2012 to 2018 which also had a target of 10% daily smoking by 2018 remains in
place until the new strategy is finalised. The new draft strategy sets out 11 priority areas.
One priority area aims to strengthen regulations for novel and emerging products and
includes an action to ‘further restrict the marketing, availability and use of all e-cigarette
components in Australia, regardless of their nicotine content’.

New Zealand/Aotearoa

In our last report (5) we described the Smoking Environments and Regulated Products
(Vaping) Amendment Act 2020 (2020/62) which was passed on 11 August 2020 (68). The
Act broadened the scope of products regulated under the Smoke-free Environments Act
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1990 to include vaping products and heated tobacco products, with scope to add new
regulated products if appropriate in the future. The Act acknowledged that vaping products
and heated tobacco products had lower health risks than smoking and aimed to strike a
balance between supporting smokers to switch to the less harmful products while
improving their safety and limiting young people’s access and attraction to them.

In our last report (5) we listed the provisions of the Amendment Act, some of which had
come into force in November 2020. In 2021, additional provisions came into force (69)
including the need for approval as Specialist Vape Retailers for retailers wishing to sell
flavoured vaping products (other than tobacco, mint or menthol, which could still be sold by
general retailers), the prohibition of colouring substances, and signage and notices for
schools, general and Specialist Vape Retailers regarding vaping.

On 28 November, the law on smoking in cars (Prohibiting Smoking in Motor Vehicles
Carrying Children) was amended and came into force making smoking and vaping in
motor vehicles carrying under 18 year olds to be against the law.

In December 2021, following a consultation carried out in April and May of that year (70),
the New Zealand government published its Smokefree Aotearoa, 2025 Action Plan (71).
This set out a bold plan to reach a target of fewer than 5% daily smokers across all
societal groups by 2025, acknowledging that based on current trends this would take
decades to achieve.

Three outcomes were set out:

1. Eliminate inequities in smoking rates and smoking-related illnesses - this
acknowledged the marked inequities in smoking prevalence and consequent health
outcomes among Maori, Pacific people and those living in the most deprived areas of New
Zealand.

2. Create a smokefree generation by increasing the number of children and young
people who remain smokefree — this acknowledged the need to protect children from
smoked tobacco products and second-hand smoke exposure including the need to ensure
smoked tobacco products were neither appealing or addictive.

3. Increase the number of people who successfully quit smoking — this acknowledged the
need to address the wide availability of smoked tobacco products particularly in
disadvantaged neighbourhoods, and their addictive nature. It also recognised that support
for stopping smoking or for switching to less harmful alternatives needed to be made
available.

Six focus areas were set out and of relevance to this report we highlight actions relevant to
or likely to impact vaping:
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1. Ensure Maori leadership and decision-making at all levels.

2. Increase health promotion and community mobilisation (including funding a health
promotion programme to prevent young people from vaping).

3. Increase evidence-based stop smoking services.

4. Reduce the addictiveness and appeal of smoked tobacco products (including allowing
only very low nicotine levels in smoked tobacco products).

5. Reduce the availability of smoked tobacco products (including introducing an
authorisation scheme for retailers to sell tobacco products, and prohibiting the sale of
smoked tobacco products to persons born after a certain date, and introducing a
notification scheme for general retailers to advise the Director-General of Health before
selling vaping products).

6. Ensure manufacturers, importers and retailers meet their legal obligations (in relation
to sale and supply of smoked tobacco products within New Zealand).

By February 2022, all manufacturers and importers of vaping products were required to
have notified the Vaping Regulatory Authority about the products they intended to sell in
New Zealand after that date and the products also needed to meet safety requirements
(72). Notifications must be renewed annually or the notifications expire. If a product
undergoes a significant change post-notification, a new notification needs to be completed
and the existing one cancelled.

Further provisions of the Amendment Act will be introduced later this year in relation to
packaging requirements and their distribution and sale and in 2023 a requirement for
manufacturers, importers and Specialist Vape Retailers to submit annual reports and
returns for the previous year.

1.12 Scope of this report

Due to ongoing reviews, this report does not cover the question of whether vaping acts
increases the risk of subsequent smoking in people who would otherwise not have smoked
(gateway hypothesis) which is covered by a forthcoming, comprehensive Cochrane
Review (73). The report also does not cover the effectiveness of vaping products for
smoking cessation which is addressed by an ongoing living Cochrane Review (74).
COVID-19 continues to affect the implementation of routine surveys which we use in
chapter 3 (vaping among young people) and chapter 4 (vaping among adults). COVID-19
also undoubtedly has affected both vaping and smoking behaviours in England but a full
assessment of this is outside the scope of this report.
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1.13 Main findings

As in our 2020 and 2021 reports (3, 5), we use the term ‘vaping products’ to describe e-
cigarettes and refill containers (e-liquids) intended for nicotine vaping. Some vaping
products do not always contain nicotine. Where studies explored products without nicotine,
we refer to them as non-nicotine vaping or vaping products. We use ‘vapers’ to refer to
people who regularly use vaping products and ‘vaping’ as the act of using a vaping
product. These terms do not include cannabis vaping or the vaping of other legal or illegal
substances, which are not the subject of this report.

Under the TRPR, vaping products need to be notified to the Medicines and Healthcare
products Regulatory Agency (MHRA) before they can be legally sold in the UK. An
analysis of 2016 to 2017 notifications found that notified products were unlikely to cause
serious harm. However, reporting and surveillance should be standardised to maximise
any harm reduction potential.

Non-nicotine containing vaping products come under the General Product Safety
Regulations 2005, enforced by local authority trading standards.

Medicinally licensed vaping products are exempt from the TRPR and currently there is no
licensed product in the UK, although updated guidance was published by the MHRA in
October 2021 to provide greater clarity on the process and expedite review times.

The MHRA also collects information on adverse events believed to be associated with
nicotine containing vaping products through its Yellow Card scheme. Between 20 May
2016 (implementation of TRPR) and 13 January 2022, the MHRA had received 257
reports of adverse reactions (26 of those since January 2021). Each report represents an
individual for whom more than one adverse reaction could have been reported. A report is
not proof that the reaction was caused by a vaping product, just that the reporter thought it
might have been. Since January 2021, 14 of the reports were considered serious. There
have been no fatalities. Adverse reactions are also reported for licensed smoking
cessation medications (297 reports for NRT and 78 for varenicline in 2021). Varenicline
has been unavailable since June 2021, further limiting effective pharmaceutical options for
smoking cessation.

It is illegal to sell vaping products to anyone aged under 18 and to buy vaping products for
anyone under 18. There is a loophole in the legislation allowing free samples of vaping
products to be given to people of any age. Surveys carried out by the Chartered Trading
Standards Institute to capture tobacco control activities including enforcement of age of
sale vaping and tobacco product laws, have not been carried out since 2020. A specific
project carried out in Scotland between October and December 2021 focused on single
use disposable vaping products finding a majority had not been notified as required with
many above the 20mg/mL nicotine content limit. Some violations of age of sale laws were
also identified in Scotland. A review of the age of sale legislation published in January
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2021 concluded that overall, it had achieved its original objective of reducing uptake
among under 18s.

A government consultation in 2019 outlined a new ambition to go smokefree in England by
2030 (defined as adult smoking prevalence of 5% or less). It included an ultimatum to
industry to make smoked tobacco obsolete by 2030, with smokers quitting or moving to
reduced risk nicotine delivery systems, such as vaping products.

The All-Party Parliamentary Group on Smoking and Health made recommendations to
help achieve the smokefree 2030 ambition. These included reducing the appeal and
availability of vaping products and other nicotine products to young people and adapting
the route for medicinal licensing to allow vaping products to be authorised for prescription.

A review of vaping product marketing in the UK between 2016 and 2019 found high
compliance with the advertising code in advertisements but non-adherence in social media
posts. It found that young people who had never smoked or vaped noticed posts relating to
vaping more than adults who smoked. Compared with the US and Canada however, UK
regulations were found to have limited exposure to marketing among adults and youth.

The UK government published its review of the Tobacco and Related Products
Regulations 2016 (TRPR), which govern nicotine vaping products, in March 2022 to
assess whether the regulations have met their objectives. This post implementation review
concluded that the evidence presented indicated the main objectives were being met,
providing a strong argument for the retention of the regulations. It also proposed some
amendments which could help support the government’s smokefree 2030 ambition.

A new tobacco control plan for England was expected in July 2021 outlining the strategy to
achieve the smokefree 2030 ambition but will now be published in 2022. The 2017 tobacco
control plan for England, which sets out ambitions for 2022, remains in place, although
progress towards meeting the ambitions has been mixed.

An independent review of tobacco control, which was published in June 2022 was
commissioned by the government to identify the best ways to address health inequalities
caused by smoking and to achieve the smokefree 2030 ambition.

Vaping products which do not contain nicotine and are regulated through the General
Product Safety Regulations 2005 are less strictly regulated than nicotine-containing
products. So, their regulation requires further consideration. As other non-tobacco nicotine
products (such as nicotine pouches) emerge in the UK, it seems appropriate to review
regulations for these products at the same time.

In November 2021, NICE published a new comprehensive guideline on tobacco including
guidance on preventing uptake of smoking, promoting quitting, treating tobacco
dependence and recommendations for policy, commissioning and training. This includes
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guidance on discussing vaping products in the context of preventing tobacco use and
detailed guidance on discussing vaping products for smoking cessation.

We also summarise recent international developments in vaping product policy, including
in the European Union, the United States, Canada, Australia and New Zealand/Aotearoa.
In New Zealand a bold strategy was launched in December 2021 to reduce daily smoking
to less than 5 per cent for all groups by 2025, and the strategy included provisions to
encourage stopping smoking as well as switching to alternative nicotine products such as
vaping products.

1.14 Implications

The smokefree 2030 ambition and developing a new tobacco control plan for England
provide an opportunity to review all vaping (and other nicotine and tobacco) regulations to
ensure that they are appropriate and help smokers quit, while managing the risk of uptake
for never smokers.

The next tobacco control plan provides an opportunity to set out the bold plans needed to
reach the smokefree 2030 ambition for all groups and to set intermediate targets for
smoking prevalence in different disadvantaged groups.

The continuing lack of a medicinally licensed product is of concern and may require further
review of the process involved.

Further attention is needed as to whether some aspects of packaging of vaping products
need restricting.

Substantially strengthened enforcement of marketing regulations on social media is
indicated.

There is an opportunity for the notification processes to be standardised to enable
research using the MHRA database of notified vaping products and to maximise harm
reduction potential.

Local authority trading standards efforts have been scaled down and compliance with
regulations is inadequate to prevent underage sales and access to illicit products. Also,
more frequent surveillance of single-use disposable vaping products is needed. There is a
danger that the reduction in local trading standards officers and restructure of the MHRA
could result in a lack of surveillance of these products which could undermine the
approach and regulatory framework for vaping products adopted in England.

Lessons should be learned from the mislabelled US e-cigarette or vaping use-associated
lung injury (EVALI) outbreak. These lessons include the impact of miscommunications
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about nicotine vaping compared to vaping contaminated illicit substances.
Communications about EVALI should clearly separate vaping these illicit substances from
nicotine vaping. Also, communications about any future cases or outbreaks of poisonings
or injuries should be clear about the implicated substances.
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2 Methods

2.1 Methods: vaping among young people and adults

This chapter describes the methods used for the chapters on vaping among young people
(chapter 3) and vaping among adults (chapter 4). As with previous Vaping in England
reports (1-5), this one also used several survey data sources to explore vaping
characteristics among young people and adults in England.

Survey data used

To assess vaping and smoking among young people in England, we used data from the
Action on Smoking and Health Smoke-free Great Britain Youth survey (ASH-Y) and the
International Tobacco Control Policy Evaluation Project Youth Tobacco and Vaping Survey
(ITC Youth). The methods, sampling strategies and sample size of these 2 surveys are
described in table 1 and data reported in chapter 3.

To describe smoking and vaping among adults in England, we used the Annual Population
Survey (APS), the annual ASH Smoke-free Great Britain Adult Survey (ASH-A), the
Smoking Toolkit Study (STS) data and the Opinions and Lifestyle Survey (OPN).
Characteristics of these surveys are described in table 2 and data reported in chapter 4.

In May 2022 as we were finalising our report, we became aware that ASH was to publish
reports from their 2022 ASH-Y and 2022 ASH-A survey findings around the same time as
we would be publishing our report. For consistency across our report and the ASH reports,
we therefore incorporated top-line smoking and vaping prevalence data from the 2022
ASH-Y and ASH-A surveys (collected February to March 2022) into chapter 3 and chapter
4. As the 2022 ASH-Y and ASH-A survey data also identified a change in the types of
vaping products used, and in line with issues identified by trading standards officers about
disposable vaping products discussed in our Introduction chapter, we also included the
2022 ASH-Y and ASH-A data on types of vaping products used. Given time constraints,
we were unable to include other 2022 ASH-A and ASH-Y data but the full report from the
2022 ASH-Y and ASH-A surveys survey will be available on the ASH website. Please note
that the findings will not exactly match as our report focuses on data from England,
whereas the ASH surveys cover Great Britain. Also, the ASH-Y report focuses on 11 to 17
year olds whereas we mainly cover data from 11 to 18 year olds.

The coronavirus (COVID-19) pandemic affected data collection for several surveys. The
APS survey mode changed from predominantly face to face in January to March 2020 to
telephone only interviews in April to December 2020, which has impacted estimates of the
proportion of adults who smoke cigarettes (6). We provide both estimates—before and
after the change in data collection modality. Following the interruption in data collection for
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the STS survey in March 2020, data for the subsequent months were collected using
computer-assisted telephone interviewing rather than household surveys. Because of
social distancing restrictions under the COVID-19 lockdown, STS data from April 2020
onwards were collected by telephone interviews and only from people aged 18 and over
(rather than 16 and over as in previous face-to-face interviews). We adjusted STS data
comparisons over time in the last report (1) and continue to analyse only data of
participants aged 18 years old or older. Comparison of the STS data before and after
changing the data collection method suggests no change in data quality and allows for
comparisons before and after the first lockdown in March 2020 (7, 8).
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Table 1. Surveys used, young people

Survey name

Commissioned

Geographic coverage,

and acronym | and conducted by sample Age Representativeness Design or mode
Annual GB survey of
~2,500 young people. In
2021 the survey
conducted in March to
ASH-Y April; GB n =2,513,
Action on England n = 2,151. In Figures weighted to
Smoking and ASH and YouGov 2022 the survey 11to 18 be representative of Online, repeated, cross-
Health (ASH) Plc conducted between ears GB youth aged 11 to | sectional surve
Smoke-free February and March; GB y 18 y 9 y
Great Britain n=2,613,
Youth survey England n = 2,259.
Recruited from a
YouGov Plc UK panel of
more than 800,000
members
Data are weighted to
England sample of .
be representative of
~4,500 young people. .
ITC Youth . demographic
: School of Public Survey (Wave 4.5) i
International , i characteristics (age .
Health Sciences, conducted in February ) Online, repeated, cross-
Tobacco Control ) ) by sex by region), :
. . University of 2021. ; sectional survey. Data
Policy Evaluation _ 16 to 19 calibrated to wave 1 o )
: Waterloo and the England n = 4,224. . collection is carried out
Project (ITC) years sample proportions

Youth
Tobacco and
Vaping survey

Nielsen Consumer
Insights Global
Panel

We also use data from
surveys carried out in
August to September
2019 and

February 2020.

for student status and
school grades, and to
past 30-day smoking

trend (in Canada and
the US only)

using non-probability
sampling

Notes: for both surveys, participants from England only were used in the analyses presented in this report.
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More information on the ITC Youth surveys can be found on the ITC Youth Tobacco and Vaping Survey website.

Table 2. Surveys used, adults

Survey name

Commissioned

Geographic coverage,

and acronym and conducted by sample and date of Age Representativeness Design or mode
most recent survey
UK survey of 44,327
respondents collected by
mixed household and
phone interviews in Systematic sampling Annual household survey
APS . January to March 2020, ensures conducted face-tp-face or
Annual The_ Office fo_r _ and of 121,346 representativeness at by telep_hone unpl March
P , National Statistics respondents collected by | 18+ years | aregional level. 2020. Since April 2020,
opulation . . SO i
Survey (ONS) phone in April to Welghtlng is used to data collection changed
December 2020. England reflect official UK to telephone only
January to March 2020 population data interviews.
n = 31,265; England
April to December 2020
n = 88,897.
The sample is
STS University College Englalmd survey ﬁf ~1,700 weighted to be Data collected using
Smoking Toolkit | London and Ipsos people per month, 18+ years | representative of computer-assisted

Study

MORI

England 2021 (to
September) n = 14,758

census data for adults
in England

telephone interviewing
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Survey name

Commissioned

Geographic coverage,

and acronym and conducted by sample and date of Age Representativeness Design or mode
most recent survey
Annual GB survey, in
2021 conducted between
February and March,
GB n=12,247,
ASH-A England n = 10,211. In The data are weighted
ASH Smoke-free | ASH and YouGov 2022 conducted between 9 Online, repeated, cross-
. 18+ years | to be representative of .
Great Britain Plc February and March, GB adults sectional survey
Adult Survey GB n = 13,088,
England n = 10,883.
Recruited from a YouGov
Plc UK panel of more
than 800,000 members
Fortnightly (weekly
between March 2020 and
August 2021)
OPN Opinions The Office for GB'survey of peqple with Recruited from a panel cross-sectional sample
) i . a history of smoking . survey by predominantly
and Lifestyle National Statistics . 16+ years | using quotas for age, .
and/or vaping, . online (telephone
Survey (ONS) gender and region

n=71.286.

interviews available if
requested by a
respondent) data
collection.

Notes: for all surveys, participants from England only were used in the analyses presented in this report.
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NHS Digital stop smoking service data

Data are collected by NHS Digital from local authority commissioned services every 3
months about: the number of quit attempts made (people can make several quit attempts
in one year and therefore be counted more than once); the number of quit attempts which
led to successful quits at 4 weeks (self-reported and carbon-monoxide (CO) verified); and
key measures of the service including intervention type, intervention setting and type of
pharmacotherapy received. Since 2014, stop smoking services have been asked to record
if a vaping product, alone or in combination with other smoking cessation aids, was used in
a quit attempt.

A person is counted as a 'self-reported 4-week quitter’ if they are assessed (face to face or
by telephone) 4 weeks after the designated quit date and declare that they have not
smoked a single puff on a cigarette in the past 2 weeks. A person is counted as a CO-
verified 4-week quitter if they are a self-reported 4-week quitter and their expired-air CO

4 weeks after their designated quit date (-3 or +14 days) is less than 10 parts per million (9,
10). People who have set a quit date and are lost to follow up are counted as nonquitters.
However, CO monitoring has been disrupted recently given COVID-19 related restrictions.

NHS Digital does not provide information on statistical difference and we do not have
access to the raw data to provide more detailed information. In chapter 4, we report more
detail on NHS Digital methods and stop smoking service data from April 2020 to March
2021.

Statistical testing

In this report, where it was feasible, we introduced testing for statistically significant
differences between comparison groups. Due to large enough sample sizes, we tested
differences between groups in population-representative adult samples using STS and
ASH-A data (chapter 3).

To test for relationships between 2 categorical variables, we used Pearson’s chi-squared
(x?) test of independence. For the statistical testing, unweighted counts were used, and
groups that did not comprise more than 50 participants were not included in the testing.
We also highlighted instances where cells with expected count less than 5 were included
in the testing to indicate that the outcome of these tests might not be statistically reliable
and should be interpreted with care. A p-value less than 0.05 was considered to indicate a
statistically significant difference between groups.
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2.2 Methods: systematic literature review of the health risks
of vaping
The following paragraphs describe the methods used for a systematic literature review of

the health risks and health effects of vaping. The protocol of this review was registered on
PROSPERO, the international prospective register of systematic reviews.

Review questions

1. What effect does vaping and secondhand exposure to vaping products have on
biomarkers that are associated with the risk of cancer, respiratory, cardiovascular or other
health conditions?

2. What are the effects of vaping among people with existing health conditions (as
above) on disease outcomes?

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCT), non-randomised studies, cross-over
studies, single group studies, longitudinal and cross-sectional studies. As a secondary
outcome, we aimed to review how vaping is associated with poisonings, fires and
explosions (Chapter 13), therefore we also included case and case series studies for this
outcome. We included all peer-reviewed papers—both published and in press.
Publications in English, French and German were considered for the review.

We excluded qualitative studies and non-peer-reviewed literature (for example, research
posters, conference abstracts, PhD theses, research letters).

Condition of domain being studied

We summarised studies reporting on firsthand and secondhand exposure to nicotine
vaping in humans, animals and cells. Nicotine vaping products comprise of a battery-
powered heating element designed to vaporise a solution made of propylene glycol and/or
glycerine, water and usually flavouring compounds, flavour enhancers, and nicotine
(though some vaping products do not always contain nicotine); the vapour (aerosol)
resulting from nicotine vaping devices is then inhaled. Vaping cannabis or other legal or
illegal substances was not the subject of the systematic review.

Types of participants

We included studies reporting on human participants (youth and adults) exposed to vapour
through direct use of or secondhand exposure to vaping products.
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We recognise that substantial proportions of people who vape are ‘dual users’ who vape
and smoke. The heterogeneity of dual users has been demonstrated elsewhere including
in studies in which we were involved, for example, in Borland and others (11) we
recommended a 4-level typology for characterising concurrent users based on frequency
of use, and the different dual use groups varied across level of dependence, attitudes and
intentions. Unfortunately, in the vast majority of our included studies, dual or concurrent
users were not well defined or put into meaningful categories. Given the scope of our
work, we decided that our prime focus would be comparisons between exclusive vapers
and smokers, and exclusive vapers and non-users. Data on concurrent use were extracted
where feasible and provided in summary tables.

We also included studies reporting on animals, human and animal cells exposed to
aerosol produced by vaping products.

Types of interventions

Firsthand or secondhand exposure to vaping products with or without nicotine over any
time frame. For longitudinal human studies, we categorised exposure times as:

1. Acute exposure: from single use to 7 days.
2. Short- to medium-term exposure: from 8 days to 12 months.

3. Long-term exposure: more than 12 months.

Types of outcome measures

Main outcomes

Biomarkers of nicotine and potential toxicant exposure: we summarised studies reporting
on the levels of biomarkers in participants’ biosamples (for example, blood, urine, saliva,
hair) after vaping or secondhand exposure to vapour from nicotine vaping products. We
extracted data on priority toxic contents and emissions of tobacco products reported by the
World Health Organization (WHO) (12), which included biomarkers for nicotine and its
metabolites, carbon monoxide, tobacco specific nitrosamines, volatile organic compounds,
polyaromatic hydrocarbons, aromatic amines, metals and other toxicants and carcinogens
(table 3).

Biomarkers of potential harm to health: we summarised studies reporting on associations
of vaping with objectively measured biomarkers of harm (surrogate endpoints) related to
cancers, respiratory and cardiovascular health, oxidative stress, inflammation, endothelial
function and other health markers (table 4). We did not extract subjective self-reported
data that could be associated with potential harm to health. Biomarkers of interest were
informed by findings from the US Food and Drug Administration sponsored workshop on
biomarkers of potential harm associated with tobacco and nicotine products (13).
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Table 3. Priority toxic contents and emissions of tobacco products reported by
the WHO, their biomarkers and associated characteristics

Category

Toxicant

Toxicant
characteristics

Metabolites

Metabolite
characteristics

Nicotine

Nicotine

FDA2: RDT, AD
Also considered
as a
cardiovascular
toxicant (14).

Nicotine

Blood and
urinary nicotine
levels serve as
its own
exposure
indicator.

tu2: 1-2 hours
(15).

Cotinine

ti2: 16-18 hours
(15).

Primary
metabolite of
nicotine

Total nicotine
equivalents
(TNEQ)

Sum of nicotine,
cotinine and
trans-3-
hydroxycotinine.
Accounts for
>90% of the
nicotine dose
therefore
reflects nicotine
exposure and is
not affected by
individual
metabolic
differences.

trans-3'-
hydroxycotinine
(3HC)

ti2: 4.6 hours
(15).

Made during the
hydrolysis of
cotinine
process. The
ratio of
cotinine/3HC
reflect the rate
of metabolism of
nicotine.

Volatile
organic
compounds

Acetaldehyde

FDA: CA, RT,
AD

IARCP: group 2B
carcinogen

Acetate

t12: 18-31
minutes (16).
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. Toxicant . Metabolite
Category Toxicant characteristics Metabolites characteristics
IARC_:: group 2A 3-HPMA tu2: 9 hours
carcinogen (18).
. Also has
Acrolein . _
cardiovascular CEMA tu2: 8 hours
effects (17). (19).
tie: 11-17.4
FDA: CA AAMA hours (15), 14
Acrylamide IARC: group 2A hours (18).
carcinogen tu2: 19-25.1
GAMA hours (15).
FDA: CA, RT t1>' 8 hours
Acrylonitrile IARC: group 2B | CNEMA 11/28
carcinogen (18).
FDA: CA, CT, t12: 9 hours (15,
Benzene RDT STVA 18).
IARC: group 1
, MU
carcinogen
FDA: CA, RT,
. RDT DHBMA,; tu2: 5-9 hours
1,3-Butadiene | |\pc group1 | MHBMAS (20).
carcinogen
Has effects on
Butyraldehyde respiratory
health.
FDA: CA
IARC: group 2B
carcinogen CMEMA; tu2: 5-9 hours
Crotonaldehyde HMPMA (20).
Causes
oxidative stress.
ti2: 2.5-12.5
FDA: CA, RT Eglrjrrnsaill?a.vels
Formaldehyde IARC: group 1 Formate vary
carcinogen .
considerable
across humans.
tu2: 15 hours
: (22).
Hydroquinone IAR(.:' group 3 1,4- : Hydroquinone is
carcinogen benzoquinone ;
a metabolite of
benzene.
| :ZDRAC::_CA 5B | IPM1: IPM3 tu2: 85 minutes
Soprene ~- group ’ in rodents (23).
carcinogen
, FDA: RT, CT
Eroplonaldehyd IARC: group 3 Propionic acid
carcinogen
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Category Toxicant Toxma_nt_ Metabolites Metabo_hte_
characteristics characteristics
FDA: RT, RDT
IARC: group 3
C;gg'?&%gp tu2: <10 hours
Toluene >piratory S-BMA (15), 12.9 hours
toxicant and has
(24)
effects on
central nervous
system.
FDA: CA
IARC: group 1
carcinogen
4-
(Methylnitrosami NNK and NNAL - 4- . .
induce tumours | (Methylnitrosamin | ti2: 10.3 days
no)-1-(3- in lab 1-(3-pyridyl)-1- | (15
ridlyl)-1- in laboratory 0)-1-(3-pyridyl)-1- | (15).
Py animals and butanol (NNAL)
butanone (NNK) | .
increase the
lung cancer risk
in smokers (25,
26)
N- .
. IARC: group 3 . . t12: 30 minutes
Tobacco- Anabasine . Nitrosoanabasine | . .
specific carcinogen (NAB) in rabbits (27)
nitrosamine _ N- _ :
S Anatabine Lg?c?ﬁogrgrl:p 3 Nitrosoanatabine itélzr.aQb%irtl:r(l;%S
9 (NAT)
FDA: CA
IARC: group 1
carcinogen
_Induces tumours N- tu2: 45 minutes
L in laboratory . L :
Nornicotine animals and Nitrosonornicotin | in rhesus
cancer of the e (NNN) monkeys (28)
oral cavity and
oesophagus in
humans (25,
26).
3-hydroxy-

: FDA: CA _
Polyaromati Benzo[alpyrene | IARC: group 1 benzo[a]pyrene ti2: 12-18 hours
c carcinogen (Total-3- (29)
hydrocarbo 9 OHBJa]P)
ns Pyrene IARQ: group 3 1-HOP tu2: 18-20 hours

carcinogen (30)
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Category Toxicant Toxma_nt_ Metabolites Metabo_hte_
characteristics characteristics
1-
Aminonaphthale | FDA: CA
ne IARC: group 3 1-AN
(1- carcinogen
Naphthylamine)
2-
Aromatic Aminonaphthale | FDA: CA
amines ne IARC: group 1 2-AN
(2- carcinogen
Naphthylamine)
3-
Aminobiphenyl 3-ABP
FDA: CA
4- ) t12: 15.6 hours
Aminobiphenyl IARC: group 1 | 4-ABP in rodents (31).
carcinogen
Acetone FDA: RT 233)17'27 hours
Ammonia FDA: RT tu2: <3 minutes
FDA: CA, RT
m-Cresol A cardiovascular
toxicant (33).
) ty2: 1.5 hours in
p-Cresol FDA: CA, RT rodents (34)
0-Cresol FDA: CA, RT
FDA: CA - _
o-Toluidine IARC: group 1 o-Toluidine (o- ti2: <48 hours
) Tol) (35).
carcinogen
o A ST
Other Catechol IARC: group 2B :
) metabolite of
carcinogen benzene
FDA: RT, CT
Hydr_ogen Also has Thiocyanate tuz: 1-2 weeks
cyanide : (36)
neurological and
thyroid effects.
. t12: 0.05-1
Nitric oxides | ReSPiratory Exhaled breath 1 o004 in blood
toxicant (37). nitric oxide (eNO) (38)
tu2: 16.3 hours
FDA: RT, CT (22).
Phenol IARC: group 3 Phenol is a
carcinogen metabolite of
benzene.
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Category

Toxicant

Toxicant
characteristics

Metabolites

Metabolite
characteristics

Pyridine

IARC: group 2B
carcinogen
Potential
reproductive or
developmental
toxicant.

3-hydroxypyridine

Resorcinol

IARC: group 3
carcinogen
Has effects on
central nervous
system (39).

t12: 31 hours
(39).

Quinoline

IARC: group 2B
carcinogen

3-
hydroxyquinoline

Carbon
monoxide

Carbon
monoxide

FDA: RDT
Contributes to
the increased
risk of non-fatal
and fatal
myocardial
infarction and
sudden death
from coronary
heart disease
(40).

Expired air CO
(eCO)

t12: < 5 hours
(41)

Carboxyhaemog]
obin (COHb)

tu2: 5 hours (41)

Metals

Arsenic

FDA: CA, CT,
RDT

IARC: group 1
carcinogen
Exposure to
arsenic is
associated with
an increased
risk of
cardiovascular
disease (42).

t12: 10 hours
(43)

Cadmium

FDA: CA, CT,
RDT

IARC: group 1
carcinogen
Also has
respiratory
effects and
cardiovascular
effects (42).

t12: 13.6 years
(15).
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Category Toxicant Toxma_nt_ Metabolites Metabo_hte_
characteristics characteristics

FDA: CA, CT,
RDT
IARC: group 2B
carcinogen tu2: 1-2 months
Exposure to in blood and soft

Lead lead is tissues
associated with years in bones
an increased (15).
risk of
cardiovascular
disease (42).
FDA: CA, RDT .

Mercury IARC: group 3 Methylmercury tlﬁl 50-80 days
carcinogen (44)

Notes: @ Potential effect on human health according to the FDA established list of harmful
and potentially harmful constituents (HPHC) in tobacco products (45). AD—addictive;
CA—carcinogen; CT—cardiovascular toxicant; RDT—reproductive or developmental
toxicant; RT—respiratory toxicant.

b Classification of a toxicant based on the International Agency for Research on Cancer
(IARC) (46). Group definitions are: 1) Group 1: carcinogenic to humans; 2) Group 2A:
probably carcinogenic to humans; 3) Group 2B: possibly carcinogenic to humans; 4)
Group 3: not classifiable as to its carcinogenicity to humans.

Table 4. Biomarkers of potential harm and associated health risks

Category

Measures

Associated
health risks

Other details

Respiratory
outcomes

Forced expirato
volume (FEV1)

Y Respiratory

Surrogate endpoint for COPD
(13).

Lung function remains stable
between 20 and 35 years of
age, FEV1 then declines due
to the natural aging processes,
with an accelerated decline
after 70 years of age (47).
FEV1 decline slows down to
normal after stopping smoking
(13).

Changes in FEV1 may require
several years to detect (13).

(FVC)

Forced vital capacity

Respiratory

FEV1/FVC ratio

Respiratory
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Category

Measures

Associated
health risks

Other details

Fractional exhaled
nitric oxide (FeNO)

Respiratory

Biomarker of asthma (47).
Complete abstaining from
smoking for 52 weeks leads to
near normalization of FeNO
levels (48).

Peak expiratory flow
(PEF)

Respiratory

Cardiovascular
outcomes

Heart rate

CvD

Higher resting heart rates have
been associated with
premature mortality and stroke
(49).

After adjusting for physical
fitness, an independent risk
factor for all-cause mortality in
men but not women (50).

Systolic blood
pressure

CvD

A well-established risk factor
for all-cause mortality, stroke,
CVD. Systolic blood pressure
increases with age. Systolic
blood pressure is a function of
increasing vascular stiffness
and endothelial dysfunction.

Diastolic blood
pressure

CvD

The significance of borderline-
moderately high diastolic blood
pressure in the absence of
systolic hypertension (isolated
diastolic hypertension) remains
unknown.

Blood oxygen
saturation

CvD

Heart rate variability

CvD

Biomarker for incident stroke
and post-stroke outcomes
(51).

Coronary artery
calcification (CAC)
score

CvD

Biomarker of subclinical
atherosclerosis (13).
Predictive of coronary heart
disease (13).

A marker of an advanced
stage of the disease process,
may not be reversible (13).
An independent predictor of
CV risk in low
risk/asymptomatic patients.
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Category

Measures

Associated
health risks

Other details

Arterial stiffness
(pulse wave
velocity)

CvD

Biomarker of central aortic
stiffening (52).

Associated with higher risk of
cardiovascular events (52).
There is limited evidence
indicating that e-cigarettes
alter arterial stiffness (52).

Oxidative stress markers

A disturbance in the balance
between production of reactive
oxygen species and
antioxidant defences.
Associated with damage and
impaired function of lipids,
proteins, and DNA in ways that
impair cellular function (13)

F2 isoprostane

CvD

Formed in vivo through free
radical-induced peroxidation of
arachidonic acid.

Relationship with cancer risk is
not yet established (13).
Levels reduced when smokers
switch to other tobacco
products (13).

Oxidized low-
density lipoprotein
(LDL)

CvD

Lipoprotein levels in blood are
thought to be causally related
to CVD. Tobacco smoking is
related with an increase of LDL
levels (52).

Transport cholesterol and can
be involved with the
development of atherosclerotic
plaque (52).

Non-smoker levels might be
reached about 10 months after
stopping smoking (53).

LDL levels are highly related to
diet, physical activity and
genetics.
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Category

Measures

Associated
health risks

Other details

High-density
lipoprotein (HDL)

CvD

Lipoprotein levels in blood are
thought to be causally related
to CVD. Tobacco smoking is
related with a decrease of HDL
levels (52).

Transport cholesterol away
from cells, with levels inversely
related to CVD and smoking.
Non-smoker levels might be
reached about 3 months after
stopping smoking (53).

HDL levels are highly related
to diet, physical activity and
genetics.

Triglycerides (TGs)

CvD

Main constituent of fat cells
and enable transportation of
adipose fat and blood glucose
from the liver. High levels of
triglycerides in the
bloodstream have been linked
to atherosclerosis, heart
disease and stroke (52).

TGs levels are highly variable
and relate to diet and the time
of blood collection; levels after
fasting are most valid.

8-hydroxy-2'-
deoxyguanosine
(8OHAG)

Cancer, CVD

A product of DNA oxidation
damage caused by oxidative
stress/oxygen-free radicals
(54). The adduct is formed
from reactive oxygen species
physiologically formed from
oxygen. Estimated from the
urinary excretion of 80OHdG,
tobacco smoking was reported
to increase the oxidative DNA
damage by 30%-50%.
However, traffic emissions
might induce a higher level of
oxidative stress towards DNA
damage measured by this
biomarker than smoking (53).
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Category

Measures

Associated
health risks

Other details

8-isoprostane (8-
iso-prostaglandin
F2a)

Cancer, CVD,
Respiratory

A marker of antioxidant
deficiency and oxidative
stress, a type of F2
isoprostane.

Tobacco smoking caused a
relatively small increase in free
8-iso-PGF2a (55).

There is no substantial
evidence of a strong direct link
between 8-iso-PGF2a and
smoking cessation except after
long periods of time (47).

The effects of e-cigarettes
were less pronounced than
those caused by traditional
tobacco cigarettes, especially
regarding the levels of 8-
iIsoOPGF2a (56).

Serum levels of
vitamin C

CvD

Increasing plasma ascorbic
acid concentration was
strongly and independently
associated with reduction in
risk of mortality from all
causes, cardiovascular
disease, and ischaemic heart
disease, with a dose-response
relation (57).

Diet and use of dietary
supplements might
significantly affect the serum
levels of vitamin C.
Supplementation of Vitamins
ACE have failed to reduce CV
events in numerous clinical
trials (Physicians Health Study

II).

Reactive oxygen
species (ROS)

Cancer

Excess of ROS can damage
cellular lipids, proteins, or
DNA, thus inhibiting signal
transduction pathways and
normal cellular functions.
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Category

Measures

Associated
health risks

Other details

Soluble NOX2-
derived peptide
(SNOX2-dp)

CvD

A marker of nicotinamide
adenine dinucleotide
phosphate (reduced form)
oxidase activation. The effects
of e-cigarettes were less
pronounced than those caused
by traditional tobacco
cigarettes, especially regarding
the levels of SNOX2-dp (56).
NOx are major air pollutants
from combustion engines.

Malondialdehyde
(MDA)

Cancer

After stopping smoking, blood
MDA levels reduce to healthy
non-smokers’ levels in 12
weeks and slightly decreases
in those who only reduce
smoking (58).

Inflammation markers

Local response to cellular
injury that is marked by
capillary dilatation, leukocytic
infiltration, redness, heat, pain,
swelling, or loss of function
and that serves as a
mechanism initiating the
elimination of elimination of
foreign substances and for
healing damaged tissue (13)

White blood cell
count (WBC)

Cancer, CVD,
Respiratory

A marker of systemic
inflammation.

Sensitive to tobacco exposure
effects; WBC counts are
positively correlated with
smoking status and serum
cotinine levels (52).

Levels reduced when smokers
switch to other tobacco
products (13).

Associated with the severity of
COPD (59).

Independent predictor of
coronary heart disease and
cancer death (60).
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Associated .
Category Measures health risks Other details
An acute-phase, non-specific,
systemic marker of
inflammation (13).
Correlates with vascular
C-Reactive Protein | Cancer, CVD, | inflammation and lipid levels.

(CRP)

Respiratory

High-sensitivity CRP (hsCRP)
prevalence highest in dual
users and tobacco smokers.
No difference between non-
smokers and EC

Interleukin-6 (IL6)

Cancer, CVD,
Respiratory

An inflammatory biomarker
upstream of C-reactive protein
(13).

Involved in inflammation,
infection responses and the
regulation of metabolic,
regenerative, and neural
processes (52)

Interleukin-8 (IL8)

Cancer, CVD,
Respiratory

Interleukin 8 (IL-8) is a
chemokine which is involved in
the chemotaxis of neutrophils.
IL-8 can be secreted by any
cells involved in the innate
immune response. The most
important origin of IL-8 are
macrophages (53).

Tumour necrosis
factor (TNF) alpha

Cancer, CVD,
Respiratory

Results as an inflammatory
response; is produced mainly
in macrophages and regulates
immune cells (53).

Soluble intercellular
adhesion molecule-
1 (sICAM1)

CvD

A glycoprotein that is
expressed in response to
injury or inflammation of the
endothelia.

Levels reduced when smokers
switch to other tobacco
products (13).

Fibrinogen

Cancer, CVD,
Respiratory

Major coagulation protein in
blood by mass, the precursor
of fibrin, and an important
determinant of blood viscosity
and platelet aggregation.

Low specificity for predicting
CVD risk (13)
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Category

Measures

Associated
health risks

Other details

Prostaglandin E2
Metabolite (PGE-M)

Cancer

PGE-M is associated with a
number of cancers including
colorectal, lung, breast, and
head and neck cancers;
increased levels have been
observed in smokers in a
limited number of studies (13)

Monocyte
chemoattractant
protein-1 (MCP-1)

CvD

Also termed CCL2 (C-C motif
ligand 2).

MCP-1 is a potent
chemotractant for monocyte,
basophils, and memory T cells
that plays an essential role in
the pathogenesis of
cardiovascular diseases.

High levels are associated to
CVD and hypertension.

Endothelial function markers

An imbalance between
vasodilating and
vasoconstricting substances
produced by (or acting on)
endothelial cells and may
participate in the elevation of
blood pressure and can play a
role in hypertension-related
vascular damage (13).

Flow mediated
dilation (FMD)

CvD

Non-invasive assessment of
endothelial function in which
the increase in arterial
diameter, because of the
reactive hyperaemia, is
compared with the baseline
diameter and expressed as a
percentage of this baseline
diameter.

Measured by brachial artery
ultrasound imaging.

Pooled multivariate analysis
shows 1% improvement in
FMD translates to 13%
reduction in CV events (61).
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Category

Measures

Associated
health risks

Other details

von Willebrand
factor

CvD

A high molecular weight pro-
coagulant product of the
endothelium and increased
levels are found in
atherosclerosis.

No trend observed for
increasing cigarettes per day.

E-selectin

CvD

Vascular adhesion molecule
that mediates the adhesion of
neutrophils to activated
vascular endothelium.

P-selectin

CvD

Vascular adhesion molecule
that mediates the adhesion of
myeloid cells to activated
endothelium and the adhesion
of platelets to monocytes and
neutrophils.

Long-term smoking cessation
may lead to lower levels.

Nitric oxide

CvD

Oxidants uncouple and reduce
nitric oxide, an effect
considered to be the hallmark
of endothelial dysfunction
leading to impaired
vasodilatation.

Endogenous nitric oxide is
highly reactive and difficult to
measure directly.

Endothelial
progenitor cells
(EPCs)
(Circulating
Angiogenic Cells)

CvD

EPCs likely derive from bone
marrow, are recruited to the
blood on injury, and have been
found to promote the growth of
blood vessels in vivo and to
form capillary tubes in two-
dimensional cultures.

Microvesicles (MVs)

Cancer, CVD

A type of extracellular vesical
involved in intercellular
communication and
transportation or mRNA and
proteins between cells.
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Category

Measures

Associated
health risks

Other details

Other markers

Platelet activation

CvD

A series of progressive,
overlapping events, triggered
by exposure of the platelets to
subendothelial tissue; these
events include shape change,
adhesiveness, aggregation,
and release reactions; when
carried through to completion,
these events lead to the
formation of a stable
hemostatic plug (13).

Excessive and persistent
platelet activation contributes
to inflammation and the
development of
atherothrombosis.

On activation, platelets release
several constituents stored in
their dense and alpha
granules, such as platelet
factor 4 (PF4), D-dimer,
fibrinogen, selectins, and
homocysteine.

Notes: COPD—chronic obstructive pulmonary diseases; CVD—cardiovascular.
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Secondary outcomes

Associations between vaping and disease incidence, progression and disease endpoints:
we reviewed studies reporting on objectively measured effects of vaping on cancers,
respiratory conditions (for example, asthma, COPD), cardiovascular diseases (for
example, hypertension, stroke) and other diseases (for example, diabetes, oral/dental,
reproductive and developmental effects).

Nicotine: we reviewed studies reporting on the pharmacokinetic effects of vaping
compared with smoking and the role nicotine plays in the health risks of vaping.

Flavours: we also reviewed studies reporting on the effect exposure to flavourings in
vaping products, with or without nicotine have on health.

Poisonings, fires and explosions associated with vaping products: we narratively reviewed
studies reporting on incidents associated with misuse or malfunction of vaping products.

Search methods for identification of studies

We searched the following databases on 14 July 2020 and updated the search on 1 July
2021:

e CINAHL (EBSCO)
e Embase (Ovid)

e MEDLINE (Ovid)
e PsycINFO (Ovid)

The search was restricted to studies published since 1 August 2017—the last date
included in the literature search conducted by the National Academies of Sciences,
Engineering, and Medicine for their evidence review on public health consequences of e-
cigarettes (62) and in the literature search for our 2018 evidence review of e-cigarettes
and heated tobacco products (4). The search date range also minimised the potential of
meta-analysing data from studies that had explored early generation and outdated vaping
products.

The search terms were: ‘electronic cigarettes’, ‘vaping’, ‘e-cig*’, ‘electronic cig*’, ‘ENDS
AND nicotine’, ‘electronic nicotine delivery system*’, ‘nicotine AND (vaping* OR vape* OR
vapor* OR vapouris*)’. The full search strategies used for each database are provided in
table 5.
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Table 5. Search strategies for different electronic databases

Database

Search strategy

CINAHL (EBSCO)

(MH “Electronic Cigarettes”) OR (MH "Vaping") OR (e-cig*) OR
(electronic cig*) OR (ENDS AND Nicotine) OR (electronic

n

icotine delivery system*) OR ((Nicotine) AND (Vaping* OR

Vape* OR Vapor* OR Vapouris*))

1. Electronic Nicotine Delivery Systems/

2. Vaping/

3. e-cig*.tw,kw.

4. electronic cig*.tw,kw.

, 5. (ENDS and nicotine).tw,kw.

MEDLINE (Ovid) 6. electronic nicotine delivery system*.tw,kw.

7. vaping.tw,kw.

8. vape*.tw,kw.

9. (nicotine and (vapor* or vapouris*)).tw,kw.

10.1or2or3or4or50r6or/7or8or9

1. electronic cigarette/ or electronic cigarette vapor/

2. vaping/

3. e-cig*.tw,kw.

4. electronic cig*.tw,kw.

5. (ENDS and nicotine).tw,kw.

6. electronic nicotine delivery system*.tw,kw.
Embase (Ovid) 7. vaping.tw,kw.

8. vape*.tw,kw.

9. (nicotine and (vapor* or vapouris*)).tw,kw.

10.1or2or3ordor50r6o0r7o0r8or9

1
p

1. (conference abstract or conference paper or conference
roceeding or "conference review").pt.

12. 10 not 11

PsycINFO (Ovid)

O©CO~NOOUTE,WN B

. electronic cigarettes/

. e-cig*.tw.

. electronic cig*.tw.

. (ENDS and nicotine).tw.

. electronic nicotine delivery system*.tw.
. vaping.tw.

. vape*.tw.

. (nicotine and (vapor* or vapouris*)).tw.
.lor2or3or4or5or6or7or8
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Studies identified in different databases in the initial search were merged and de-
duplicated using EndNote and imported to Rayyan systematic review management
website (63) for title and abstract screening and then into Covidence systematic review
management software (64) for full-text screening and data extraction. The update of the
initial search was conducted following the process described by Bramer and Bain (65).

Data collection and analysis

Selection of studies

Two review authors (of ES, ET, KE and RC) independently screened titles and abstracts of
studies identified in the initial and the update searches on Rayyan website. Discrepancies
were resolved through discussion or with support from a third review author (LB).

Two review authors (of ES, ET, KE) independently screened full texts of the studies that
had been included after the title and abstract screening. Discrepancies were resolved
through discussion or with support from a third review author (LB). Full-text screening was
conducted using Covidence systematic review management software (64).

Data extraction and management

We designed 2 data extraction forms—one for study characteristics in Covidence software
(that is, information about study authors, funding, study design, participants, interventions,
comparison groups, measures and methods for outcome assessment, authors’
conclusions, and study limitations) and one for study results in Microsoft Excel
spreadsheet (that is, quantitative measures of study outcomes as reported in publications
and results of authors’ conducted statistical testing).

Two review authors (ES, ET) independently extracted data from included studies, and any
discrepancies were resolved with support from a third review author (DR, AMcN).

Assessment of risk of bias

We used different risk of bias assessment tools depending on the study design. Two
authors (of AMcN, DR, ES, ET, LB) independently assessed risk of bias and resolved
discrepancies through discussion. The following tools were used:

1. Randomised controlled trials: the revised Cochrane risk of bias tool RoB2 (66).
2. Cross-over studies: the RoB2 tool for cross-over trials (66).

3. Non-randomised longitudinal studies: the Cochrane risk of bias in non-randomised
studies of interventions tool ROBINS-I (67).

4. Cross-sectional studies: the BIOCROSS quality assessment tool for cross-sectional
studies reporting biomarker data, with minor adjustments to make the tool appropriate to
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assessing vaping research (68). The overall BIOCROSS scores range from 0 to 20, with
higher scores indicating lower risk of bias.

5. Poisonings, fires and explosions: the Joanna Briggs Institute critical appraisal
checklists for case reports and cross-sectional studies (69) and for case series studies
(70).

The risk of bias assessments of included studies are provided in the appendices.

We also extracted data on funding sources for each included study as it has been reported
in publications. The study funding information is available in the appendices (table 5).

Measures of exposure to biomarkers

Summary tables

We summarised quantitative findings for the main outcomes—biomarkers of nicotine and
potential toxicant exposure and biomarkers of potential harm to health and included them
in separate tables.

Tables and figures of biomarkers of nicotine and potential toxicant exposure

For the biomarkers of exposure results, we separated tables by the category of biomarker
of exposure (see table 3; for example, nicotine, volatile organic compounds, tobacco-
specific nitrosamines, other potentially toxic compounds, carbon monoxide and metals),
biosample type (for example, urine, blood, saliva, hair) and study design (for example,
randomised controlled trials, cross-over studies, non-randomised acute exposure and
longitudinal studies, and cross-sectional studies). We summarised findings from
experimental and quasi-experimental studies (including randomised controlled trials,
cross-over studies, non-randomised acute exposure and longitudinal studies) and from
observational studies (cross-sectional studies) in separate tables to adjust the
representation of results to the study design (for example, for studies that assessed
participants at least twice, to highlight within- and between-group differences).

In tables summarising results from RCTSs, cross-over and longitudinal studies, we provide
general study characteristics (author, year, country where a study has been conducted),
length of the longest follow-up, describe the recruited sample (sample size,
smoking/vaping status at recruitment, demographic characteristics) and define intervention
groups (details of assigned vaping, dual use, smoking, non-use and other study groups),
and then provide results for each of the defined intervention groups at the last follow-up
(group size at the last follow-up, quantitative biomarker value and measurement unit).

We calculated average within-group percentage changes from baseline to the last follow-
up as:
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((Follow-up level) / (Baseline level) - 1) * 100

We show up or down arrows to indicate the direction of change. If a within-group change
was reported as statistically significant in a publication, we emboldened the percentage
change value and arrow. Statistically significant between-group differences at the last
follow-up were indicated by superscripts denoting different groups. We indicated only
between-group differences at the last follow up that were reported in publications; some
studies did not statistically compare between-group differences or only compared some
but not all study groups.

In tables summarising results from cross-sectional studies, we provide general study
characteristics (author, year, country where a study has been conducted), describe the
overall recruited sample (sample size, demographic characteristics) and define study
groups (subgroup sizes, definitions for vaping, dual use, smoking and non-use), and then
provide results for each of the defined groups (quantitative biomarker value and
measurement unit). To compare biomarker levels between vaping product (VP) users and
other study subgroups, we calculated biomarker level ratios as:

(Level in VP group) / (Level in comparison group)

A ratio below 1 indicates that a biomarker level in the VP group was lower than in a
comparison group while a ratio above 1 indicates how many times a biomarker level in the
VP group was higher than in a comparison group. If between-group differences were
statistically tested in a publication, we emboldened the cells of subgroups that were
compared. We also indicated statistically significant between-group differences as they
were reported in a publication by superscripts denoting different groups; if between-group
differences were tested but not found, then we only emboldened cells of groups that were
compared.

In figures of cross-sectional studies that included 3 comparison groups (vaping product
users, smokers and non-users), we visually compare biomarker levels between vaping
product users and non-users versus biomarker levels among smokers. Biomarker levels
among smokers are set to 100% and relative biomarker levels within vaping product users
or non-users’ groups are calculated as:

((Level in VP / non-user group) / (Level in smokers)) * 100

Tables of biomarkers of potential harm to health

For the findings about biomarkers of potential harm to health, we separated tables by the
associated health risk category (see table 4; for example, respiratory, cardiovascular,
cancer and other biomarkers cutting across several health systems—oxidative stress,
inflammation, endothelial function and other markers). In the summary tables, we provide
general study characteristics (author, year, country where a study has been conducted),
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study design and length of the longest follow up if a study was not cross-sectional),
describe the recruited sample (sample size, smoking/vaping status at recruitment,
demographic characteristics), define cross-sectional or intervention groups (details of
assigned vaping, dual use, smoking, non-use and other study groups), list outcomes of
interest and provide results for these outcomes as reported in the study publication. In the
column summarising study findings, we include both within- and between-group changes
and statistical test results as they were reported in publications.

Meta-analysis

Selecting studies for meta-analysis

Due to methodological heterogeneity of the included human studies that measured levels
of potential toxicant, carcinogen and potential harm to health biomarkers, we developed an
algorithm to assess whether to conduct meta-analyses (table 6).

Table 6. Steps for selecting studies for meta-analysis comparing between-group
differences in vapers, smokers and non-users

Filter step

Description

1. Comparison groups

Include studies that have at least 2 out of 3 following
comparison groups: vapers, smokers, non-users.

2. Clear definition of
baseline sample (or a
sample if study is cross-
sectional)

Include studies that have clearly defined initial samples in
terms of smoking/vaping frequency to be able to identify
exclusive users (for example, exclude studies that define
vapers as vaping and occasionally smoking). Bio-verification
is not necessary if sample’s smoking/vaping characteristics
are defined clearly.

Exclude studies that only define vapers’ groups as vaping
less than weekly—Iless frequent vaping might underestimate
exposure to most toxicants that have shorter half-life
characteristics.

Initial sample characteristics can serve as a comparison
group—for example, smokers at baseline who switch to
vaping only as a cross-over condition.

3. Clear definition of
follow-up groups (for
RCTs, cross-over
studies and non-
randomised longitudinal
studies)

Clearly defined follow-up groups in terms of minimum
smoking/vaping frequency after randomisation (RCTSs),
cross-over conditions or participants’ groups at follow up
(non-randomised longitudinal studies).

Exclude studies that only define vapers’ groups as vaping
less than weekly—Iless frequent vaping might underestimate
exposure to most toxicants that have shorter half-life
characteristics.

The step is not relevant for cross-sectional studies.
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Filter step Description

For RCT, cross-over and non-randomised longitudinal ad
libitum use studies, analysis of vapers or non-users’ group at
follow-ups should consider the possibility of them continuing
to smoke. A study analysing follow-up outcomes should state
that participants in vapers or non-users’ groups were not
smoking, either by self-report or by bio-verification.

If some participants in vapers or non-users’ groups are
non-adherent at follow-up (that is, were smoking), exclude

4. Adherence to study

groups : )
studies that analyse vapers or non-users’ follow-up results as
uniform groups (similar to intention-to-treat analysis) and
include studies that account for participant smoking and
analyse follow-up groups as adherent and non-adherent
participants (similar to per-protocol analysis).
The step is not relevant for cross-sectional studies.
For meta-analysis, only data that can be log-transformed are
5. Data provided for required (71). Exclude if data are reported in graphs, as a
baseline and follow-ups | difference from baseline or as median values.
in geometric or If a study reported mean difference between groups in log
arithmetic means and scale, these results can be used in meta-analysis without log-

95% CI, SE, SEM or SD. | transformation.

Where multiple studies have been published using the same
data set (for example, PATH, NHANES), the study with the

6. Data source largest sample size will be selected for data extraction.

Notes: 95% CIl—95% confidence intervals; RCT—randomised controlled trial; SD—
standard deviation; SE—standard error; SEM—standard error of the mean.

For biomarkers of exposure to nicotine and potential toxicants, we pooled data for meta-
analysis from studies that reported on the same biomarker collected in the same bio-
sample (for example, urine, blood, saliva, hair) and which was analysed by the same
methodology (for example, ELISA, LC-MS/MS). For biomarkers measured in urine, we
only pooled data from studies reporting creatinine-adjusted urinary levels of a biomarker.
For biomarkers of potential harm to health, we used the same study inclusion criteria (table
6) and only pooled data for meta-analysis from studies that employed similar biomarker
measures. Where appropriate, we pooled biomarkers of potential harm to health data from
RCTs and cross-over trials (for example, respiratory or cardiovascular outcomes),
conducting separate meta-analyses for outcomes after acute, short- to-medium or long-
term exposures.

Meta-analysis of pooled data

From studies that were assessed eligible for meta-analysis, we extracted continuous
measures of mean and variance biomarker data and calculated mean differences on the
log-transformed scale (LMD) with 95% confidence intervals (95% CI) using a method
described by Higgins and others (71). We assessed log-transformed mean differences
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between vapers and smokers or between vapers and non-users. We used the Review
Manager software to pool the LMDs (using a generic inverse variance random-effects
model) and present the pooled data estimates (72). To better communicate the log-
transformed between-group mean differences in meta-analyses, we also reported
geometric mean ratios (GMR) and associated 95% CI that allow us to evaluate the
biomarker level differences between the comparison groups. The GMR and associated
95% CI were calculated by exponentiating the LMD and its 95% CI (71).

We assessed statistical heterogeneity between studies using the 12 statistic. We further
considered the consistency in the direction of the difference across included studies when
the statistical heterogeneity 12 was greater than 75%.

Summary of findings

For the biomarkers of exposure to nicotine and potential toxicants chapter (chapter 7), we
first summarised evidence from prior reports that explored vaping health risks due to
exposure to potential toxicants (that is, reports by McNeill and others commissioned by
Public Health England; the National Academies of Sciences Engineering and Medicine;
and the Committee on Toxicity of Chemicals in Food Consumer Products and the
Environment) and then presented our literature review findings separately for different
biomarkers and summarised evidence at the end for each biomarker category (see table 1;
for example, nicotine, volatile organic compounds, tobacco-specific nitrosamines, other
potentially toxic compounds, carbon monoxide and metals). Where appropriate, we
comment on any findings pertaining to specific populations such as adolescents or
smokers with respiratory symptoms. At the end of the chapter, we provide conclusions
based on the reviewed data on biomarkers of exposure and suggest further implications
regarding relative and absolute health risks associated with using vaping products.

For chapters on vaping risks associated with exposure to biomarkers of potential harm
(chapters 8 to 12), we first summarised evidence from the prior reports, then discussed
relative study findings and, based on the reviewed data, provided conclusions and
implications regarding vaping risks associated with cancer, respiratory, cardiovascular and
other health.

Results: study selection

The initial and updated database searches together identified 8,092 records after
duplicates were removed. Independent title and abstract screening of these records
identified 772 studies for full text screening, of which 413 studies were included in the
review. In total, the review summarised data from 275 studies reporting data on human
participants (44 of these were case studies or case series reporting on poisonings, fires
and explosions associated with vaping products), 81 studies reporting data on animal
participants and 58 studies reporting on cell data, with one study covering both animal and
cell data (Figure 1).

144



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Figure 1. PRISMA flow chart of studies screening process
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2.3 Heated tobacco products use and recent evidence from a
Cochrane literature review

Chapter 14 of the report aimed to present recent data (described in section 2.1) on the use
of heated tobacco products (HTP) in youth and adults in England and to summarise key
findings from a recent Cochrane literature review (73) which assessed the effectiveness
and safety of HTP for smoking cessation and the impact of HTP on smoking prevalence.

2.4 Methods: systematic literature review of vaping harm
perceptions

Review questions

1. What interventions have been effective in changing vaping harm perceptions?

2. To what extent are vaping harm perceptions predictive of any changes in vaping and
smoking behaviours?

Protocol registration

The protocol of the review was registered on PROSPERO.

Eligibility criteria

Types of studies

RQ1. We included quantitative experimental studies, quasi-experimental (natural
experiment/pre-post) studies, trials, surveys (any mode), and observational studies that
examined interventions involving communication/messaging of the harms of vaping
(including EVALI) and changes in vaping harm perceptions. We only included studies that
examined changes in vaping harm perceptions, either within or between individuals, and
that use longitudinal or repeated methods with more than 1 time-point.

RQ2. We included longitudinal quasi-experimental studies, surveys, observational studies,
and the control arms of trials/experiments that examined longitudinal associations between
vaping harm perceptions and any subsequent changes in vaping and smoking behaviours.
We only included studies that assessed changes in vaping and smoking behaviours within
individuals. We excluded cross-sectional studies (also excluding repeated cross-sectional
studies).

Both RQ1 and RQ2 (all studies). We excluded qualitative studies, case studies/series,
systematic reviews/meta-analyses. We included peer-reviewed published papers and
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those in press. We excluded non-peer-reviewed literature (for example posters,
conference abstracts, PhD theses, pre-prints). We only included publications in English,
French, and German languages.

Condition or domain being studied

We defined vaping as follows: ‘vaping’ is the act of using an e-cigarette or a vaping
product. Vaping involves using a battery-powered heating element designed to vaporise a
solution made of propylene glycol and/or glycerine, water and usually flavouring
compounds, flavour enhancers, and nicotine (freebase or nicotine salts). This vapour
(aerosol) is then inhaled. Vaping products do not contain tobacco and do not involve
combustion.

We defined vaping risks (including communication, messaging, and perceptions of vaping
risks) as:

e risks, harm, risk of disease, addictiveness
e risk of firsthand and secondhand use/exposure to vaping and e-cigarette emissions

e relative risk of vaping compared to smoking or other nicotine-containing products (for
example, perceiving vaping as less risky or harmful to health than smoking)

e absolute risk (for example, perceiving vaping as risky or harmful to health)
e risk of nicotine

e risk of subsequent smoking initiation/uptake

uncertainty of vaping risks

For communication/messaging of vaping risks, we also included messages about the
prevention of vaping. We included messages that were targeted toward youth, adult
smokers, or any other groups.

We excluded the following for communication, messaging, and perceptions of vaping risks:
e risk of smoking/cigarettes alone (that is, not in relation to vaping)

e risk of using other nicotine/tobacco products (for example, NTR, waterpipe, smokeless
tobacco) alone (that is, not in relation to vaping)

e risk of cannabis vaping or vaping other illicit drugs
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e harm perceptions of vaping as a reason for vaping (that is, not harm perceptions per
se, but vaping because — for example — of a perception that vaping is less harmful than
smoking)

Types of participants

Any people of any age.

Types of interventions (RQ1) or exposure (RQ2)

RQ1. We included studies with an intervention that involved any communication or
messaging of the risks of vaping (defined above under ‘Condition or domain being
studied’). Interventions could include public health/education campaigns, mass media
campaigns, industry funded/ affiliated campaigns, advertisements, packaging (including
written or pictorial warning labels, imagery, alternative/experimental warnings or designs),
any other exposure to messages.

RQ2. We included studies that assessed vaping harm perceptions (defined above under
‘Condition or domain being studied’).

Types of control/comparisons

Where there are comparators, the comparator/control conditions are those reported in the
studies (aside from the intervention/exposure above). We also included studies with no
comparators.

Types of outcomes

RQ1. We included articles that assessed changes in vaping harm perceptions (defined
above under ‘Condition or domain being studied’) as an outcome. Changes could be
measured within-person (for example, trials, experiments, longitudinal surveys) or at the
population level (for example, repeated cross-sectional surveys). We only included articles
that measured vaping harm perceptions before/concurrently and after exposure to the
intervention, and reported changes.

RQ2. We included articles that assessed longitudinal changes in vaping and smoking
behaviours. Vaping is defined above under ‘Condition or domain being studied’. Smoking
is defined as combustible tobacco cigarette smoking. We only included articles that
measured changes in vaping and smoking behaviours within-person. We only included
articles that measured behaviours before/concurrently and after harm perceptions were
measured, and reported changes. We included articles that reported any changes in
vaping and smoking behaviours, including but not limited to vaping or smoking initiation or
uptake, vaping or smoking cessation or reduction, switching from vaping to smoking,
switching from smoking to vaping, increases or decreases in consumption or frequency of
vaping or smoking.
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Where articles measured the associations between exposures and outcomes but did not
report them in the results, we contacted the study’s authors to request this information. We
included articles where the authors provided this information.

Search strategy, information sources and study selection

The search strategy was adapted from those used in our previous reports (1-5) and the
health effects review to include harm perception terms (Appendix 1). Embase, PsycINFO,
Medline, CINAHL, and Scopus databases were searched on 15 April 2021 for articles
published since January 2007 (when e-cigarettes were introduced to the UK market) to
present. The search was later updated to include articles published between 15 April 2021
and 1 July 2021.

Search terms were adapted for each database to align with differences in keyword terms
and syntax requirements. The full search terms used for each database are included in
Appendix 1.

The outputs of the search were merged and de-duplicated using Endnote and imported to
Covidence (64), a systematic review management software.

Two reviewers independently screened all titles, abstracts, and full texts. Conflicts were
resolved by discussion and consulting a third reviewer. Conflicts over ‘reasons for
exclusion’ were resolved according to the hierarchy of exclusion criteria, with the reason
highest on the hierarchy being selected.

Where articles measured the associations between exposures and outcomes but did not
report them in the results, authors were contacted to request this information.

Data collection process and data items

All data were extracted by one reviewer and data from 10 articles were checked by a
second reviewer. The quality of extracted data was considered good. Discrepancies
among these 10 articles were resolved between the 2 reviewers, and the team consulted if
unresolved.

The summary of characteristics for each study included author, year of publication,
country, setting, data collection period, participants, funding and conflicts of interest
(including tobacco industry funding/affiliation), and risk of bias. The summary of methods
and findings for each study included intervention/exposure, follow-up, analyses, outcome
measurement, and associations between intervention/exposure and outcome.
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Quality and risk of bias assessment

Risk of bias of the included studies was assessed using different tools dependent on the
study design. For randomised studies we used the Cochrane risk of bias tool for
randomized trials (Version 2) (66). For non-randomized studies of interventions, we used
the Risk of Bias in Non-randomized Studies of Interventions tool (ROBINS-I) (67). For
cohort studies, we used an adapted 5-star Newcastle Ottawa Scale (NOS) (74, 75); scores
range from 0O to 5 stars, with 3 or fewer stars indicating high risk of bias. For repeat cross-
sectional studies, we used an adapted 8-star version of the NOS for cross-sectional
studies (76) with higher scores indicating higher risk of bias.

Data synthesis

All findings are narratively synthesised and described. Narrative synthesis was used
because of the heterogeneity of the methods, interventions/exposures, outcomes, and
analyses, as per the PROSPERQO registration.

The PRISMA flowchart for this review is shown in chapter 15.

2.5 Overall conclusions

For chapters based on our systematic literature reviews of the health risks of vaping and
vaping harm perceptions and on the 2022 Cochrane review on HTP (73), which we
summarise in chapter 14, we provide overall conclusions broadly following the definitions
of level of evidence provided by NASEM (table 7).

Table 7. Definitions of levels of evidence as reported in the NASEM report (62)

Evidence level Definition

There are no available studies; health endpoint has not

No available evidence . i
been studied at all. No conclusion can be made.

There are mixed findings or a single poor study. No
Insufficient evidence conclusion can be made because of substantial
uncertainty due to chance, bias, and confounding factors

There are supportive findings from fair-quality studies or
mixed findings with most favouring one conclusion. A
conclusion can be made, but there is significant
uncertainty due to chance, bias, and confounding factors.

Limited evidence

There are several supportive findings from fair-quality
studies with few or no credible opposing findings. A
Moderate evidence general conclusion can be made, but limitations, including
chance, bias, and confounding factors, cannot be ruled out
with reasonable confidence.

There are several supportive findings from good-quality

Substantial evidence observational studies or controlled trials with few or no
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Evidence level

Definition

credible opposing findings. A firm conclusion can be
made, but minor limitations, including chance, bias, and
confounding factors, cannot be ruled out with reasonable
confidence.

Conclusive evidence

There are many supportive findings from good-quality
controlled studies (including randomized and non-
randomized controlled trials) with no credible opposing
findings. A firm conclusion can be made, and the
limitations to the evidence, including chance, bias, and
confounding factors, can be ruled out with reasonable
confidence.
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3 Vaping among young people

3.1 Objective

This chapter summarises survey data on vaping among young people in England. The
focus is on vaping, with smoking data also presented where comparisons are appropriate
and illustrative. As well as reporting on vaping prevalence overall, this chapter summarises
vaping by socio-demographic characteristics. It also covers reasons for use, product
preferences and sources of vaping products. The chapter also briefly presents prevalence
of use of nicotine pouches and smokeless tobacco among young people in England.

3.2 Surveys

Continuing a decline of available data noted in our 2021 report (1), there are fewer
available data on young people compared with previous years for the following reasons:

1. The largest survey used in our 2020 report (2) was the Smoking, Drinking and Drugs
(SDD) survey—this survey was suspended due to coronavirus (COVID-19) and therefore
there are no new SDD data available for the present report.

2. The Health Survey for England runs every year; however, fieldwork was suspended
due to COVID-19 and so data are not available for this report.

Action on Smoking and Health — Youth (ASH-Y) surveys (11 to 18 year olds) have been
used in our previous reports. These surveys are conducted online and designed to be
nationally representative. We presented the ASH-Y 2020 data in our last review, so in this
chapter we present data from the 2021 survey. However, in May 2022 as we were
finalising our report, we became aware that ASH was to publish a report from their 2022
ASH-Y Survey findings around the same time as we would be publishing our report. For
consistency across 2 reports, we therefore incorporated top-line smoking and vaping
prevalence data from the 2022 ASH-Y survey (age 11 to 18, sample size for England =
2,259, data collected February to March 2022) into this chapter. As the 2022 ASH-Y
survey data also identified a change in the types of vaping products used, and in line with
issues identified by trading standards officers about disposable vaping products discussed
in our Introduction chapter, we also included the 2022 ASH-Y data on types of vaping
products used. Given time constraints, we were unable to include other 2022 ASH-Y data
but the full report from the 2022 ASH-Y survey will be available on the ASH website.

As in our 2021 report (1), we also complement and contrast ASH-Y 2021 by including data
from the International Tobacco Control Policy Evaluation Project (ITC) Youth Tobacco and
Vaping survey 2021, which is also conducted online. The ITC Youth survey is a large
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survey of 16 to 19 year olds that is weighted to ensure that the sample matches national
benchmarks for age, sex and region. It has been running annually since 2017 with
supplementary biannual waves in 2020 and 2021. For continuity and alignment with data
on young people in our previous reports, we predominantly report ASH-Y data in this
chapter, but supplement this with ITC Youth survey data where appropriate. The ITC
Youth survey includes more in-depth information on vaping products used including e-
liquids, as well as including a slightly older demographic than ASH-Y.

3.3 Smoking and vaping prevalence among young peoplein
England

Table 1 presents the latest available data on smoking and vaping among young people in
England from the ASH-Y and ITC Youth surveys. Current smoking prevalence (people
who smoked sometimes but less than weekly, as well as those who smoked more than
once a week) was 4.1% in 2021 and 6.0% in 2022 for 11 to 18 year olds (ASH-Y), with
83.5% having never tried smoking in 2021 and 80.2% having never tried smoking in 2022.
In 2021, the 4.1% of current smokers were made up of those who smoked less than once
a week (2.1%), those who smoked between 1 to 6 cigarettes a week (0.9%) and those
who smoked more than 6 cigarettes a week (1.1%). In 2022, the 6.0% of current smokers
were made up of those who smoked less than once a week (3.2%), those who smoked
between 1 to 6 cigarettes a week (1.2%) and those who smoked more than 6 cigarettes a
week (1.6%).

Smoking prevalence was lower in 2021 than previous ASH-Y figures of 6.3% for 2019 and
6.7% for 2020. This was possibly due to the effects of the COVID-19 pandemic such as
reduced peer contact, greater time spent under parental supervision or limited access to
cigarettes. Smoking prevalence in 2022 was similar to previous years, so it is currently
unclear whether the 2021 data differed due to COVID-19.

In February 2021 the ITC Youth survey reported 7.9% of 16 to 19 year olds currently
smoked cigarettes (that is, they had smoked more than 100 cigarettes in their life and had
smoked in the past 30 days), with 58.3% saying they had never smoked. Data from 2019
and 2020 suggest a slight decline since 2020 (table 1).

In the ASH- Y survey, current vaping prevalence among young people who vaped at least
monthly was 4.0% in 2021 and 8.6% in 2022, compared with 4.8% in both 2019 and 2020.
In 2021, the 4.0% of current vapers were made up of young people who vaped sometimes
but not more than once a month (1.7%), more than once a month but less than once a
week (0.9%), more than once a week but not daily (0.7%) and those who vaped daily
(0.7%). In 2022, the 8.6% of current vapers were made up of young people who vaped
sometimes but not more than once a month (2.6%), more than once a month but less than
once a week (1.9%), more than once a week but not daily (1.8%) and those who vaped
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daily (2.3%). The proportion of young people who had never vaped in 2021 was 86.3%.
The proportion of young people who had never vaped in 2022 was 80.9%.

In the February 2021 ITC Youth survey 9.1% of 16 to 19 year olds currently vaped (that is,
they had vaped more than 10 days in their life and vaped in the past 30 days), and 12.2%
had vaped in the past 30 days compared with 12.6% and 14.0% respectively in 2019 and
2020. The proportion who had never vaped was 57.4% in 2021, suggesting a slight decline
from 63.9% in 2019 and 58.3% in 2020 (table 1).

The differences between the 2 surveys in vaping and smoking estimates for 2021 are likely
attributable to the different age ranges covered by each survey, as well as differing
definitions of smoking and vaping (see table 1 notes). ASH-Y includes young people aged
11 to 18 years old, whereas the ITC survey includes young people aged 16 to 19 years
old. Vaping was more prevalent among older adolescents: in the ITC survey, 8.2% of 16
and 17 year olds, 10.2% of 18 year olds and 14.7% of 19 year olds reported current vaping
(Figure 1). These are comparable with 6.4% of 16 and 17 year olds and 9.3% of 18 year
olds in the ASH-Y data (Figure 1). Similarly, in the ITC survey, 6.1% of 16 and 17 year
olds and 8.1% of 18 year olds are current smokers, broadly comparable to current
smoking estimates of 6.6% for 16 and 17 year olds and 10.7% for 18 year olds from the
ASH-Y survey (table 2). Ultimately, the inclusion of the 11 to 15 year olds in the ASH-Y
survey decreases estimates of smoking and vaping, whereas the inclusion of 19 year olds
in the ITC survey increases smoking and vaping estimates.
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Table 1. Current smoking and vaping prevalence among young people in 2 national surveys, England (ASH-Y 2015 to
2022 and ITC 2019 to 2021; weighted data)

Survey ASH-Y | ASH-Y | ASH-Y | ASH-Y | ASH-Y | ASH-Y | ASH-Y | ASH-Y ITC ITC ITC
2015 2016 2017 2018 2019 2020 2021 2022 August/Sept Feb/ Feb/
2019 March March
2020 2021
Unweighted 1,926 [1999 |2,260 |2011 |2173 |2,168 |2,151 |2,259 | 3,493 4,265 4,224
sample size
Age 11to 11to 11to 11to 11to 11to 11to 11to 16to 19 16t019 |16to 19
18 18 18 18 18 18 18 18
Smoking
status %
Never tried 77.1 80.3 76.9 78.6 79.7 80.9 83.5 80.2 62.0 54.5 58.3
Tried only?! 11.7 9.7 10.7 10.2 9.0 8.3 8.6 8.1 31.0 35.9 32.2
Former 3.0 3.3 3.6 3.5 3.4 3.0 3.0 3.7 0.8 1.0 1.7
Current 7.1 5.2 7.8 6.1 6.3 6.7 4.1 6.0 6.2 8.5 7.9
Vaping status
%
Never tried 93.9 87.8 83.2 82.8 83.6 82.8 86.3 80.9 63.9 58.3 57.4
Tried only 4.7 9.3 10.9 12.3 9.4 10.0 8.6 9.1 23.8 25.2 24.9
Former - - 1.7 0.8 0.9 1.8 1.2 1.4 4.6 7.1 8.6
Current 1.2 2.5 3.5 3.5 4.8 4.8 4.0 8.6 7.7 9.4 9.1
Past 30-day - - - - - - - - 12.6 14.0 12.2

Notes: ASH-Y: Never smokers were young people who had never tried cigarettes. Tried only smokers were young people who had
only ever tried smoking cigarettes once. Former smokers were young people who used to smoke sometimes but who never smoked
now. Current smokers were young people who smoked sometimes but less than weekly, as well as those who smoked more than
once a week. Never vapers were young people who had never tried vaping as well as those who had never heard of vaping
products (e-cigarettes). Tried only vapers were young people who had only tried vaping once or twice. Former vapers were young
people who used vaping products in the past but who no longer do. Current vapers were young people who vaped at least monthly.
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0.8% of participants in 2021 (n=17) and 2.0% (n=46) of participants in 2022 did not want to say what their smoking status was,
therefore column percentages might not total 100 for smoking status.

ITC: Never smokers were young people who had never tried cigarettes. Tried only smokers (referred to as ‘Experimental smokers’ in
the ITC survey) were young people who had tried cigarettes, but who had not smoked more than 100 cigarettes in their life. Former
smokers were young people who had smoked more than 100 cigarettes in their life, but who had not smoked in the past 30 days.
Current smokers were young people who had smoked more than 100 cigarettes in their life and who had smoked in the past 30
days. Never vapers were young people who had never tried vaping. Tried only vapers were young people who had tried vaping, but
who had vaped on no more than 10 days in their life. Former vapers were young people who had vaped on more than 10 days in
their life, but who had not vaped in the past 30 days. Current vapers were young people who had vaped on more than 10 days in
their life and who had vaped in the past 30 days. Past 30-day vapers were young people who had vaped at least once in the past 30
days.

LITC denotes ‘tried only’ as ‘experimental’ smokers.

‘-’ signifies comparable data are not available.
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Figure 1. Current vaping over time among young people by age, England (ASH-Y 2015 to 2022; ITC 2018 to 2021,
weighted data)
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Notes: Unweighted bases ASH-Y: 2015=1,926, 2016=1,999, 2017= 2,260, 2018=2,011, 2019=2,173, 2020=2,168, 2021=2,151,
2022=2,259.

ITC: 2019=3,493, 2020=4,265, 2021=4,224.
ASH-Y: Current vapers were young people who vaped at least monthly.

ITC: Current vapers were young people who had vaped on more than 10 days in their life and who had vaped in the past 30 days.
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Table 2 contains data for smoking prevalence by socio-demographic characteristics using
the ASH-Y 2021 and 2022 data.

As previously discussed, the proportion of young people who were current smokers
appears to increase with age, for example in 2021, 1.6% of 11 to 15 year olds smoked
compared with 10.7% of 18 year olds, and in 2022 2.4% of 11 to 15 year olds smoked
compared with 13.8% of 18 year olds. The 2021 and 2022 estimates for 18 year olds were
lower than the equivalent estimates in 2020 (15.6%) and 2019 (16.5%), and there were
few variations according to gender and region.

In 2021, the estimate for smoking prevalence by social grade was 4.6% for people from
social grades A, B and C1 (ABC1) and 2.8% for people from social grades C2, D and E
(C2DE). In 2022, there was little variation between ABC1 (5.8%) and C2DE (5.4%). Table
3 shows the definition of these social grades which are derived by YouGov based on the
main income earner in the household.
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Table 2. Smoking prevalence among young people by age, gender, region and social grade, England 2021 to 2022
(ASH-Y, weighted data)

Never smoker, % (n)

Tried only, % (n)

Former smoker, % (n)

Current smoker, % (n)

2021 2022 2021 2022 2021 2022 2021 2022
Total 83.5(1832) |80.2(1831) | 8.6 (190) 8.1 (184) 3.0 (66) 3.7(84) 4.1 (89) 6.0 (136)
Age
11to 15 91.0 (1238) |89.8 (1273) | 4.6 (63) 5.5 (78) 2.1 (29) 1.7 (24) 1.6 (22) 2.4 (34)
16 to 17 74.1 (404) 68.7 (395) 14.1 (77) 10.8 (62) 3.9 (21) 5.2 (30) 6.6 (36) 10.8 (62)
18 65.7 (190) 56.5 (163) 17.3 (50) 15.2 (44) 5.5 (16) 10.4 (30) 10.7 (31) 13.8 (40)
Gender
Female 83.3 (901) 79.7 (921) 8.6 (93) 8.6 (99) 3.0 (32) 3.5 (40) 4.3 (46) 6.1 (70)
Male 83.6 (931) 80.8 (909) 8.7 (97) 7.6 (85) 3.1 (35) 3.9 (44) 3.9 (44) 6.0 (67)
Region
North 86.3 (521) 79.9 (502) 7.3 (44) 9.2 (58) 2.6 (16) 3.7 (23) 3.3 (20) 6.1 (38)
Midlands 85.3 (365) 82.4 (366) 8.2 (35) 6.3 (28) 3.0 (13) 3.2 (14) 2.8 (12) 4.3 (19)
South 81.3 (946) 79.7 (963) 9.5 (111) 8.1 (98) 3.2 (37) 3.9 (47 5.0 (58) 6.5 (79)
Social grade
ABC1 82.8 (1290) |81.2(1252) |8.9(139) 8.5 (131) 3.1 (49) 3.0 (47) 4.6 (72) 5.8 (90)
C2DE 85.1 (542) 79.6 (518) 8.0 (51) 6.5 (42) 2.7 (17) 5.4 (35) 2.8 (18) 5.4 (35)

Notes: Unweighted base 2021=2,151; 2022=2,259. Never smokers were young people who had never tried cigarettes. Tried only
smokers were young people who had only ever tried smoking cigarettes once. Former smokers were young people who used to
smoke sometimes but who never smoked now. Current smokers were young people who smoked sometimes but less than weekly,
as well as those who smoked more than once a week. 1% of participants in 2021 (n=25) and 2.1% (n=47) of participants in 2022 did
not want to say what their smoking status was, therefore row percentages might not total 100.
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Table 3. Social grade classifications derived from the National Readership

Survey
Social Description
grade
A High managerial, administrative or professional
B Intermediate managerial, administrative or professional
C1 Supervisory, clerical and junior managerial, administrative or professional
C2 Skilled manual workers
D Semi and unskilled manual workers
E State pensioners, casual or lowest grade workers, unemployed with state
benefits only

Table 4 shows the estimates of vaping prevalence by socio-demographic characteristics
and similarly indicates increased vaping prevalence with age. In 2021 1.8% of 11 to 15
year olds were currently vaping compared with 9.3% of 18 year olds, and in 2022 4.0% of
11 to 15 year olds were currently vaping compared with 19.9% of 18 year olds.

Vaping prevalence among males was 3.6% compared with 4.3% among females in 2021
and 7.9% among males and 9.2% among females in 2022. Whereas the 2021 data
indicate that, as with smoking prevalence, vaping prevalence may have been higher
among social grades ABC1 (4.4%) than among C2DE (3.0%), there was little variation in
vaping prevalence between social grades ABC1 (8.4%) and C2DE (8.1%) in 2022 (similar
to the lack of variation in smoking prevalence between social grades in 2022).
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Table 4. Vaping status among young people by age, gender, region, social grade and smoking status, England 2021 to
2022 (ASH-Y, weighted data)

Never vaper Tried only Former vaper Current vaper
% (n) % (n) % (n) % (n)

2021 2022 2021 2022 2021 2022 2021 2022
Total 86.3(1892) |80.9(1846) |8.6(189) |9.1(208) 1.2 (25) 1.4 (32) 4.0 (87) 8.6 (195)
Age
11to 15 93.8 (1274) |89.1 (1263) |3.8(52) 6.3 (89) 0.5 (7) 0.6 (8) 1.8 (25) 4.0 (57)
16 to 17 76.0 (415) 71.6 (411) 15.8 (86) | 11.8 (68) 1.8 (10) 2.6 (15) 6.4 (35) 13.9 (80)
18 70.2 (203) 59.1 (172) 17.6 (51) | 13.9(80) 2.8 (8) 3.4 (10) 9.3 (27) 19.9 (58)
Gender
Female 86.7 (936) 79.7 (897) 8.2 (89) 9.4 (106) 0.8 (9) 1.6 (18) 4.3 (46) 9.2 (104)
Male 86.0 (957) 82.1 (949) 9.0 (100) |8.8(91) 1.4 (16) 1.2 (14) 3.6 (40) 7.9 (91)
Region
North 87.3 (528) 79.9 (501) 7.4 (45) 10.5 (66) 1.3(8) 1.0 (6) 4.0 (24) 8.9 (56)
Midlands 87.6 (374) 82.7 (368) 9.1 (39) 7.6 (34) 0.9 (4) 2.0(9) 2.3 (10) 7.6 (34)
South 85.2 (991) 80.8 (977) 9.1 (106) |9.0(109) 1.1 (13) 1.5 (18) 4.6 (53) 8.7 (105)
Social grade
ABC1 85.2(1328) |81.3(1253) |9.1(142) |9.1(140) 1.3(21) 1.3 (20) 4.4 (68) 8.4 (129)
C2DE 89.0 (565) 81.7 (532) 7.4 (47) 8.4 (55) 0.6 (4) 1.7 (11) 3.0 (19) 8.1 (53)
Smoking
Status**
Never smoker | 95.0 (1741) |91.6 (1677) |3.9(72) 6.3 (115) 0.3 (5) 0.4 (7) 0.8 (14) 1.7 (32)
Tried only 48.9 (93) 40.2 (74) 37.9(72) | 32.6 (60) 2.1 (4) 2.7 (5) 11.1 (21) 24.5 (45)
Former smoker | 36.4 (24) 32.5 (27) 31.8(21) |13.3(11) 13.6 (9) 10.8 (9) 18.2 (12) 43.4 (36)
Current smoker | 22.5 (20) 23.5 (32) 25.8 (23) |13.2(18) 6.7 (6) 6.6 (9) 44.9 (40) 56.6 (77)
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Notes: Unweighted base 2021=2,193, 2022=2,259 (n=2,146 for social grade). Never vapers were young people who had never tried
vaping as well as those who had never heard of vaping products (e-cigarettes). Tried only vapers were young people who had only
tried vaping once or twice. Former vapers were young people who used vaping products in the past but who no longer do. Current
vapers were young people who vaped at least monthly. Never smokers were young people who had never tried cigarettes. Tried
only smokers were young people who had only ever tried smoking cigarettes once. Former smokers were young people who used to
smoke sometimes but who never smoked now. Current smokers were young people who smoked sometimes but less than weekly,
as well as those who smoked more than once a week. Weighted data.

** 0.8% of participants in 2021 (n=17) and 2.0% (n=46) of participants in 2022 did not want to say what their smoking status was,
therefore row percentages might not total 100.
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Figure 2. Combined estimates of current smoking and/or vaping over time
among young people (11 to 18 years old), England 2015 to 2022 (ASH-Y,
weighted data)
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Notes: Participants who currently vape and/or smoke.

Unweighted bases 2015=1,926, 2016=1,999, 2017=2,260, 2018=2,011, 2019=2,173,
2020=2,168, 2021=2,151, 2022=2,259.

Current vapers were young people who vaped at least monthly.

Current smokers were young people who smoked sometimes but less than weekly, as well
as those who smoked more than once a week.
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Figure 2 shows the combined estimates of current vaping and/or smoking among youth
aged 11 to 18 years between 2015 and 2022. Although there has been an increase in
vaping reported between 2015 and 2020 (table 1), there was little change in overall levels
of vaping and/or smoking until 2020, with a decline observed between 2020 and 2021 and
an increase between 2021 and 2022.

Most young people who had never smoked had also never vaped (table 4, Figure 3). ASH-
Y data indicate that in 2021 95.0% and in 2022 91.6% of 11 to 18 year olds who had never
smoked had also never vaped, and 0.8% of never smokers in 2021 and 1.7% of never
smokers in 2022 were current vapers. In 2021, an estimated 44.9% of current smokers,
and 18.2% of former smokers currently vaped. In 2022 an estimated 56.6% of current
smokers, and 43.4% of former smokers currently vaped.

The proportion of smokers who were concurrently vaping was 39.2% in the 2021 ITC
Youth survey, 44.9% in the 2021 ASH-Y and 56.7% in 2022 ASH-Y surveys. The ITC
Youth data indicate that 81.0% of 16 to 19 year olds who had never smoked had also
never vaped, and a very low proportion of never smokers reported currently vaping (0.8%).
In both surveys, a high proportion of people who had tried or experimented with vaping
had also tried smoking.
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Figure 3. Vaping status by smoking status among young people, England 2021
(ASH-Y and ITC Youth, weighted data)

ASH-Y aged 11 to 18
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Notes: Unweighted base=1,944 young people who were aware of vapes (e-cigarettes).
Never smokers were young people who had never tried cigarettes. Tried only smokers
were young people who had only ever tried smoking cigarettes once. Former smokers
were young people who used to smoke sometimes but who never smoked now. Current
smokers were young people who smoked sometimes but less than weekly, as well as
those who smoked more than once a week. Never vapers were young people who had
never tried vaping. Tried vaping were young people who had only tried vaping once or
twice. Former vapers were young people who used vaping products in the past but who no
longer do. Current vapers were young people who vaped at least monthly.

Young people who had not heard of vapes (e-cigarettes) (n=179, 8.3%) or did not know if
they had heard of vapes (n=28, 1.3%) were not included.
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ITC aged 16 to 19
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Notes: Unweighted base=4,224. Never smokers were young people who had never tried
cigarettes. Tried only smokers (referred to as ‘Experimental smokers’ in the ITC survey)
were young people who had tried cigarettes, but who had not smoked more than 100
cigarettes in their life. Former smokers were young people who had smoked more than
100 cigarettes in their life, but who had not smoked in the past 30 days. Current smokers
were young people who had smoked more than 100 cigarettes in their life and who had
smoked in the past 30 days. Never vapers were young people who had never tried vaping.
Tried only vapers were young people who had tried vaping, but who had vaped on no
more than 10 days in their life. Former vapers were young people who had vaped on more
than 10 days in their life, but who had not vaped in the past 30 days. Current vapers were
young people who had vaped on more than 10 days in their life and who had vaped in the
past 30 days.
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3.4 Attempts to quit vaping

The ITC Youth survey asked past 30-day vapers if they had ever tried to quit vaping
products. A little over a third of respondents had ever tried to quit vaping products (32.4%),
with 61.4% not having ever tried to quit vaping products. There was little change since
2019 (Figure 4).

Figure 4. Ever tried to quit vaping products among young people aged 16 to 19
who have vaped in the past 30 days, England 2019 to 2021 (ITC, weighted data)
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Notes: Unweighted base: 2019=368, 2020=536, 2021=567. Participants who had vaped
in the past 30 days.
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3.5 Effects of COVID-19 on vaping and smoking

In response to the COVID-19 pandemic, schools were closed in England between the 4
January and 15 March 2021, and there were tight restrictions on social gatherings
between the 4 January and the 19 May 2021.

International research has indicated COVID-19 has affected youth vaping and smoking
behaviours (3, 4). A fall in vaping among youth in the US was reported to be associated
with reduced access to retail environments, such as a change in opening hours or vaping
products no longer being available (5, 6). Later in this chapter we discuss self-reported
effects of COVID-19 on vaping and smoking from the ITC Youth survey in 2021.

According to 2021 ITC Youth survey data, just over half of young people who had smoked
or vaped in the past 12 months reported that the COVID-19 outbreak had affected their
vaping and smoking behaviours (Figure 6).

Seven percent of smokers and 8.0% of vapers reported quitting smoking and vaping
respectively because of COVID-19. Twenty percent reported smoking less and 15.0%
reported vaping less; and 8.0% of smokers and 7.0% of vapers reported thinking of
quitting due to the COVID-19 pandemic. However, 18.0% reported smoking more and
15.0% reported vaping more. Just under half of past 12-month smokers and vapers
reported no effect on their smoking (41.0%) or vaping (47.0%) respectively. Overall, the
findings that a greater proportion of youth reported smoking or vaping less, or quitting
smoking or vaping, than reported smoking or vaping more, could contribute to the slight
increase in former smokers (from 0.8% to 1.7%) and former vapers (from 4.6% to 8.6%)
observed between 2019 and 2021.
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Figure 5. Self-reported effect of the coronavirus outbreak on smoking among
young people aged 16 to 19 who smoked in the past 12 months, England 2021
(ITC Youth, weighted data)
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Notes: Unweighted base N=1,235, participants who had smoked in the past 12 months.
6.0% (n=93) said they did not know or refused to answer, therefore percentages might not
total 100%.
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Figure 6. Self-reported effect of the coronavirus outbreak on vaping among
young people aged 16 to 19 who vaped in the past 12 months, England 2021 (ITC
Youth, weighted data)
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Notes: Unweighted base N=1,330, participants who had vaped in the past 12 months.
8.0% (n=106) said they did not know or refused to answer, therefore percentages might
not total 100%.

3.6 Reasons for vaping

The 2021 ASH-Y and ITC Youth surveys asked participants about reasons for vaping, but
different groups of participants were asked these questions, and the reasons listed also
differed. The ASH-Y survey asked all participants who had ever vaped, whereas the ITC
survey asked participants who had vaped in the past 30 days. The ITC survey also differed
from the ASH-Y survey because participants could choose multiple reasons for vaping
from a list of 15, whereas the ASH-Y survey reported participants’ single main reason for
vaping from a list of 10.

In 2021, the most common reasons for vaping reported by young people were to ‘give it a
try’ (2021 ASH-Y- 48.8%) or ‘curiosity/to try something new’ (ITC — 20.5%), and ‘for the
flavours’ (ITC — 37.2%) or ‘other people use them so | join in’ (2021 ASH-Y— 16.6%)
(Figure 7 and Figure 8).
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Reasons related to smoking prevention or cessation (for example ‘I use them instead of
smoking’ or ‘I am trying to quit smoking’) were selected by 5% of ASH-Y participants
overall. In the ITC Youth survey, 20.5% selected at least one reason related to quitting
smoking, perhaps reflecting the older age range (16 to 19) in which smoking is more
prevalent, and the option to choose multiple reasons for vaping in the ITC survey. In the
ITC Youth survey, 29.2% of people who vaped in the past 30 days selected at least one
reason related to reducing harm (for example ‘vaping may be less harmful to people
around me than smoking’ or ‘vaping is less harmful to me than smoking’).

The reasons for vaping differed according to smoking status (Figure 7 and Figure 8). ASH-
Y data indicate that high proportions of never smokers (68.5%) and those who had tried
smoking only (53.7%) had vaped just to ‘give it a try’. This latter figure suggests that there
may be a group of young people who experiment with both smoking and vaping but do not
become regular users, although this cannot be tested with cross sectional data. Just over
a quarter (28.6%) of current smokers also vaped to ‘give it a try’. Figure 7 also serves as a
reminder that survey responses contain inconsistencies or inaccuracies as there was a
small number of young people who responded that they were never smokers and were
using vaping to quit smoking.

The ITC Youth data show that high proportions of former and current smokers vaped for
smoking reduction or cessation reasons, including to cut down on or reduce the number of
cigarettes they smoked (Figure 8). Among current smokers, 37.9% reported vaping to cut
down on the number of cigarettes they smoked and 28.4% to help them quit.

Among former smokers, 19.3% reported vaping because it might be less harmful to people
around them than smoking and 16.1% to help them maintain abstinence from cigarettes.
The most common reason for vaping reported by 45.2% of former smokers in the ITC
survey was because vaping may be less harmful for them than smoking.
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Figure 7. Main reason for vaping by smoking status among young people aged 11 to 18 who have ever vaped, England
2021 (ASH-Y, weighted data)
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Notes: Unweighted base=337; Never smoker n=96, Tried only smokers n=108, Former smokers n=47, Current smokers n=84,
Refused n=2. Participants could choose a single, main reason for vaping. Young people who have ever vaped comprised current,
former and tried only vapers. Never smokers were young people who had never tried cigarettes. Tried only smokers were young
people who had only ever tried smoking cigarettes once. Former smokers were young people who used to smoke sometimes but
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who never smoked now. Current smokers were young people who smoked sometimes but less than weekly, as well as those who
smoked more than once a week.

181



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Figure 8. All reasons for vaping by smoking status among young people who vaped in the past 30 days, England 2021
(ITC Youth, weighted data)
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Notes: Unweighted base N=558 Never smokers n=59, Tried only smoker n=302, Former smokers n=32, Current smokers n=165
Participants could choose multiple reasons. Young people who had vaped in the past 30 days. Never smokers were young people
who had never tried cigarettes. Tried only smokers (referred to as ‘Experimental smokers’ in the ITC survey) were young people who
had tried cigarettes, but who had not smoked more than 100 cigarettes in their life. Former smokers were young people who had
smoked more than 100 cigarettes in their life, but who had not smoked in the past 30 days. Current smokers were young people
who had smoked more than 100 cigarettes in their life and who had smoked in the past 30 days.
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3.7 Order of first use of cigarettes and vaping products

The ASH-Y survey participants have been asked to report the order in which they first tried
cigarettes or vaping products since 2015, enabling changes to be tracked over time. The
ITC Youth survey participants reported order of first use across a range of tobacco
products, not limited to cigarettes and vaping products. To note, data presented here are
repeated cross-sectional and cannot provide evidence for causal relationships.

Among young people who had ever vaped, according to the ASH-Y surveys, the order in
which they first used cigarettes and vaping products appears to have changed in the past
7 years (Figure 9). From 2015 until 2018, a decreasing proportion of young people had
tried smoking before vaping and an increasing proportion reported vaping before smoking.
Since 2018, trends have remained relatively steady, with slightly fewer youth aged 11 to
18 years reporting smoking before vaping in 2021 (38.7%) compared to 2018 (44.7%).
Trying vaping but never having smoked has remained at around 30.0% since 2016 (Figure
9).

The order of first use of vaping and smoking by socio-demographic characteristics is
presented in table 5; however, conclusions should be considered tentative due to the small
sample size. Smoking before vaping appears to be more common among 11 to 15 year
olds (40.0%) and 18 year olds (41.9%), than among 16 to 17 year olds (35.9%). For social
grade, 26.4% of people in groups ABC1 vaped before they smoked compared with 19.7%
in groups C2DE; however, 39.4% of those in C2DE groups reported that they had ever
vaped but never smoked, compared with 26.8% of young people from ABC1 groups.
Males were more likely to vape before smoking (30.1%) than females (19.4%).

Among 16 to 19 year olds who had ever smoked, vaped, used heated tobacco products or
any other nicotine or tobacco product, the ITC survey reported the type of product that
users tried first; cigarettes were the most commonly used first (52.7%), followed by vaping
products (33.4%), followed by other nicotine or tobacco products (9.0%), 4.9% did not
know what product they used first.
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Figure 9. Order of first use of cigarettes and vaping products among young
people aged 11 to 18 who have ever vaped, England, 2015 to 2021 (ASH-Y,
weighted data)

=f=| tried smoking a real cigarette before | first tried using an e-cigarette
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Notes: Unweighted bases: 2015=268; 2016=273; 2017=374; 2018=365; 2019=335;
2020=422 2021=337. Young people who have ever vaped comprised current, former and
tried only vapers.
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Table 5. Order of first use of cigarettes and vaping products among young
people who have ever vaped by age, gender, region and social grade, England
2021 (ASH-Y, weighted data)

Tried smoking Tried vaping before | Never smoked, but
before vaping smoking have vaped
% (n) % (n) % (n)
Total 38.7 (117) 24.7 (74) 29.7 (90)
Age
11to 15 40.0 (34) 21.2 (18) 30.6 (26)
16 to 17 35.9 (47) 26.7 (35) 31.3 (41)
18 41.9 (36) 24.4 (21) 26.7 (23)
Gender
Female 46.5 (67) 19.4 (28) 26.4 (38)
Male 31.4 (49) 30.1 (47) 32.7 (51)
Region
North 37.7 (29) 27.3 (21) 32.5 (25)
Midlands 30.2 (16) 22.6 (12) 35.8 (19)
South 41.9 (72) 23.8 (41) 26.7 (46)
Social grade
ABC1 39.0 (90) 26.4 (61) 26.8 (62)
C2DE 36.6 (26) 19.7 (14) 39.4 (28)

Notes: Unweighted base=337. Young people who have ever vaped comprised current,
former and tried only vapers. 4.1% (n=19) said they did not remember which product they
tried first, therefore percentages might not total 100.

3.8 Vaping products

In 2021, rechargeable models that have a tank that you fill with liquid (tank models) were
the most popular vaping product type among ASH-Y and ITC Youth survey participants,
with 41.0% of ASH-Y 11 to 18 year- olds who currently vaped using this type of product,
and 67.7% of ITC Youth 16 to 19 year old past 30-day vapers using a tank model. The
second most common product type was rechargeable products that use cartridges (ASH-
Y: 36.4%; ITC Youth: 31.2%). Disposable vaping products were used by 7.8% of ASH-Y
current vapers and 10.1% of ITC Youth past 30 day vapers in 2021 (Figure 10 and Figure
11). ITC Youth participants could choose more than one model, with most reporting
current use of one type of model (86.9%) and 10.5% reporting current use of multiple
models.

However, in 2022, the picture had changed considerably (Figure 10) with the ASH-Y data
showing a substantial increase in youth reporting the use of disposable products between
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2021 (7.8%) and 2022 (52.8%). This is likely due to the introduction of a new generation of
disposable products available in a range of colours and flavours which are often displayed
at the point of sale.

The popularity of tank models among youth in ASH-Y declined between 2018 and 2022
(Figure 10) likely initially because of the increasing popularity of cartridge models between
2018 (15.0%) and 2021 (36.4%). This trend was probably driven by pod models, but also
possibly the introduction to the market of refillable cartridges. The popularity of tank and
cartridge models was much lower in 2022 as disposables became the most popular type of
vaping product used.

In 2021, the ITC Youth survey reported that the most popular brands were Smok (22.7%),
which includes tank, refillable cartridge and disposable models; JUUL (18.3%), a brand
that sells only cartridge models; Blu (10.1%) which sells tank and cartridge models; 88
Vape (7.7%) which sells tank and refillable cartridge models and Vype (5.2%), which sells
tank and cartridge models.
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Figure 10. Type of vaping product used by young people aged 11 to 18 who currently vape, England 2015 to 2022
(ASH-Y, weighted)

OA disposable electronic-cigarette (non-rechargeable)
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Notes: Unweighted bases; 2015=52; 2016=57; 2017=82; 2018=77; 2019=106; 2020=117; 2021=99; 2022=233. Current vapers were
young people who vaped at least monthly, weighted data.
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Figure 11. Type(s) of vaping product used most often by young people aged 16
to 19 who had vaped in the past 30 days, England 2021 (ITC Youth, weighted
data)
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or rechargeable) e-cigarette replaceable pre-filled pods tank that you fill with liquid
or cartridges

Notes: Unweighted base N=567. Participants who had vaped in the past 30 days.

3.9 Flavours

The 2021 ASH-Y survey assessed the flavour most often used by young people who
currently vaped, while the ITC Youth survey collected data on the flavour(s) used most
often among young people who had vaped in the past 30 days. Participants could only
choose one option for ASH-Y but could choose multiple options for ITC Youth.

The 2021 ASH-Y data estimated that fruit flavoured vaping products were used by 51.5%
of 11 to 18 year olds who vaped (Figure 12) followed by menthol or mint (13.0%) and
chocolate, desserts, sweet or candy flavours (9.3%). These flavour patterns are very
similar to the ASH-Y 2020 data used in our 2021 report (1), where fruit was the most
commonly used (46.3%), followed by menthol or mint (18.1%) and chocolate, sweets or
candy (8.5%).

The ITC Youth data reports similar flavours that were most often used among 16 to 19

year olds who vaped in the last 30 days, with 63.7% using fruit flavours, 27.7% using
menthol or mint flavours and 10.6% using chocolate, desserts, sweet or candy flavours
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(Figure 13). The ITC Youth survey also indicates that 11.1% used tobacco flavours (0.6%
in ASH-Y). All other flavours, across both surveys, were used by less than 10% of included
participants. Again, these flavour patterns are very similar to the ITC Youth 2019 data
used in our 2021 report (1), where fruit was the most commonly used (67.7%), followed by
menthol or mint (18.3%), chocolate, sweets or candy (13.5%) and tobacco (10.3%).
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Figure 12. Vaping flavour used most often among young people aged 11 to 18 who currently vape, England 2021

(ASH-Y, weighted data)
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191

0.7%

Other
flavour

0.7%

Unflavoured



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

Figure 13. Vaping flavours used most often among young people aged 16 to 19 who vaped in the past 30 days,
England 2021 (ITC Youth, weighted data)
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Notes: Participants who had vaped in the past 30 days and had reported ever using the flavour. Unweighted bases therefore differed
by flavour.
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3.10 Nicotine

In the 2021 ASH-Y survey, 34.2 % of current and former vapers aged 11 to 18 reported
they used vaping products that always contained nicotine, 35.5% said their products
sometimes contained nicotine, 20.4% said their products never contained nicotine and
9.9% said they did not know (Figure 14).

In the ITC Youth survey, 68.9% of people aged 16 to 19 who had vaped in the past 30
days and had ever used vaping products with nicotine said their current products
contained nicotine, 14.4% said some of their products contained nicotine, 12.2% said their
current product did not contain nicotine and the remaining 4.5% did not know (Figure 15).

The proportion of vapers who currently used nicotine containing vaping products was
larger in the ITC Youth survey (68.9%). This was likely due to the fact that this question
was only asked to those who indicated ever vaping nicotine and the different age range.

Using ITC Youth data, when those who had vaped in the past 30 days and reported they
had ever vaped nicotine were asked about their current nicotine strength, 53.7% said they
used less than 2% (20 milligrams per millilitre (mg/mL)), 17.2% said they used between
2% and 4.9% strength (20 to 49mg/mL), 5.6% said they used 5% or more (= 50mg/mL),
and 16.2% said they currently used no or 0% nicotine, and 7.3% saying they didn’t know.
Strengths over 2% (20mg/mL) are illegal to sell in the UK. From the response options
available, we are unable to discern exactly what proportion of participants used 2%
strength and what proportion used over 2% strength. Nevertheless, at least 5.6% of past
30 day vapers reported they used a nicotine concentration that is illegal to sell.
Additionally, 7.3% of past 30-day vapers did not know the nicotine strength of the liquid
they used. Finally, responses were based on self-reported nicotine use and it is possible
that there is limited knowledge surrounding nicotine strength of products among young
people so these may be unreliable indicators of nicotine consumption among this age
group (Figure 16).

The ITC Youth data indicated that just over half (53.1%) of young people who vaped in the
past 30 days and were aware of nicotine salts, currently used nicotine salts, 40.4% said
they did not currently use nicotine salts and 6.5% did not know (Figure 17). Participants in
the ASH-Y survey were not asked about nicotine salts.

Among young people aged 16-19 who reported using nicotine e-liquids of 20 to 49mg/mL
nicotine strength, 10.8% reported using disposable products, 28.1% reported using
cartridge products and 75.0% reported using tank products. For those using 50mg/mL or
more, 4.8% reported using disposable products, 28.6% reported using cartridge products
and 66.7% reported using tank products (table 6), although small sample sizes were low in
some cells.
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Among young people aged 16-19 who reported using non-nicotine e-liquids, e-liquids with
less than 20mg/mL and with 20 to 49mg/mL nicotine strength, vaping products were most
commonly reported to be bought from vape shops. Participants using vaping liquids with
50mg/mL or more nicotine most commonly reported buying these products online (36.4%)
(table 6). For those who did not know the strength of the nicotine they used, vaping
products were most commonly reported to be given to them (33.3%).

Overall, in the ITC Youth data, there was higher awareness of the inclusion of nicotine and
type of nicotine in vaping products, and fewer don’'t know responses in 2021 compared to
2019 data reported in our 2021 report.

Figure 14. Use of nicotine vaping products among young people aged 11 to 18
who are current and former vapers, England 2021 (ASH-Y)

40% 35.5%
0 070
35% 34.2%
30%
25%
20.4%
20%
15%
9.9%
10%
0%
Always contains Sometimes Never contains Don't know
nicotine contains nicotine nicotine

Notes: ASH-Y: Unweighted base=125. Current vapers were young people who vaped at
least monthly. Former vapers were young people who used vaping products in the past but
who no longer do so.
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Figure 15. Use of nicotine vaping products among young people aged 16 to 19
who have vaped in the past 30 days and had used vaping products with nicotine,
England 2021 (ITC Youth)
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Notes: Unweighted base=405. Participants who have vaped in the past 30 days and who
have every vaped nicotine.
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Figure 16. Strength of nicotine in vaping liquids among young people who have
vaped in the past 30 days and currently use vaping products with nicotine,
England 2021 (ITC Youth, weighted data)
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Notes: Unweighted base=342. Participants who have vaped in the past 30 days and
currently vape nicotine.
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Figure 17. Use of nicotine salts among young people aged 16 to 19 who have
vaped in the past 30 days and have used vaping products with nicotine, England
2021 (ITC Youth, weighted data)
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Notes: Unweighted base=171. Participants who have vaped in the past 30 days and
currently vape nicotine and have heard of nicotine salts.
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Table 6. Strength of current nicotine used among current vapers aged 16 to 19
by current product and source of products, England 2021 (ITC Youth, weighted

data)
No nicotine 220 mg/mL I don’t
(0 mg/mL) < 2(?)/rr(1r?)/mL <50 mg/mL 2 5(?)/rr(1rg]])/mL know
%(n) 0 %(n) 0 %(n)
Types of vaping product used most often in the past 30 days
Disposable | 3.3 (2) 8.4 (17) 10.8 (7) 4.8 (1) 7.4 (2)
Cartridge 18.0 (11) 41.3 (83) 28.1 (18) 28.6 (6) 22.2 (6)
Tank 80.3 (49) 64.4 (130) 75.0 (48) 66.7 (14) 77.8 (21)
Sources of product in past 30 days
Boughtfrom | 55 2 (93, 545(110) |47.7(31) | 28.6 (6) 29.6 (8)
a store
Sr?lti*r?é“ 23.3 (14) 32.3(65) |25.0(16) |36.4(8) 3.7 (1)
Bought them
from a 9.8 (6) 9.0 (18) 12.3 (8) 23.8 (5) 7.4 (2)
person
Gave
someone
money to 5.0 (3) 7.5 (15) 18.8 (12) 9.5 (2) 22.2 (6)
buy them for
me
Someone
gave them 31.1(19) 21.9 (44) 35.4 (23) 28.6 (6) 33.3(9)
to me
Free sample | 3.3 (2) 5.4 (11) 4.7 (3) 4.8 (1) 0
Took them 0 2.5 (5) 1.5(2) 0 3.7(1)

Notes: Unweighted base=342. Participants who had vaped in the past 30 days and

currently vape nicotine. Participants could choose multiple response options.

3.11 Perceived addiction and urges to vape

In the 2021 ITC survey, youth who had smoked or vaped in the past 30 days were asked if
they considered themselves addicted. Among current vapers, half (52.5%) reported they
were addicted (‘yes, a little addicted’ or ‘yes, very addicted’) to using vaping products, just
under half (42.8%) reported they were ‘not at all’ addicted to vaping products, 4.7%
reported ‘don’t know’ (Figure 18).

The proportion of ITC youth who had vaped in the past 30 days and considered
themselves a little or very addicted to vaping products was higher among current (63.6%)
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and former (74.2%) smokers than those who had never smoked (20.0%). The proportion
who considered themselves a little or very addicted was also higher among participants
aged 19 (61.5%), than those aged 18 (52.6%), 17 (44.3%), or 16 (51.7%). Moreover,
feeling a little or very addicted was also more common among male participants (56.1%)
than females (48.7%; table 7).

Among current smokers, the majority considered themselves a little or very addicted to
cigarettes (83.0%), with few participants reporting that they were ‘not at all’ addicted to
cigarettes (14.5%), 2.5% reported ‘don’t know’ (Figure 18).

Another indicator of addiction is the strength and frequency of urges to vape. The ITC
survey collected data on the frequency of urges to vape and smoke (Figure 19), and the
2021 ASH-Y survey collected data on strength of urges to vape and smoke (Figure 20).

Among current vapers in the ITC Youth survey, 16.8% never had urges to vape. Just over
a third (34.7%) had urges weekly or less than weekly and 44.5% had urges almost daily or
more than daily (Figure 1). In comparison, urges to smoke appeared to be more frequent
among current smokers with only 4.7% reporting never having urges to smoke, 27.8%
reporting urges weekly or less than weekly, and 66.6% reporting urges to smoke daily or
multiple times a day.

In the ASH-Y survey, 4 in 10 (41.5%), of 11 to 18 year olds who currently vaped said they
did not feel any urges to vape at all with a further 35.0% saying they felt slight or moderate
urges and 23.5% reporting strong, very strong or extremely strong urges to vape. By
contrast, 24.3% of current smokers reported no urge to smoke, with 44.2% reporting slight
or moderate urges and 31.4% reporting strong, very strong or extremely strong urges to
smoke.

Although the 2 surveys used different measures of addiction and sampled different
populations, there is a common theme that those who smoked reported experiencing
higher levels of addiction, urges to smoke and frequency of urges than those who vaped.
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Figure 18. Frequency of considering oneself addicted to vaping among current
vapers and considering oneself addicted to smoking among current smokers
aged 16 to 19, England 2021 (ITC Youth, weighted data)

OCurrent vapers B Current smokers
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Notes: Unweighted bases Vaping=392; smoking=349. Current vapers were young people
who had vaped on more than 10 days in their life and who had vaped in the past 30 days.
Current smokers were young people who had had smoked more than 100 cigarettes in
their life and had smoked in the past 30 days. 19 current vapers (4.7%) and 9 (2.5%)
current smokers reported they did not know or refused to answer, therefore percentages
may not total 100.
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Table 7. Frequency of considering oneself addicted to vaping among current
vapers aged 16 to 19, England 2021 (ITC Youth, weighted data)

Not at all Yes, a little or very
% (n) addicted % (n)

Total 42.8 (168) 52.5 (206)
Age
16 46.6 (27) 51.7 (30)
17 49.1 (52) 44.3 (47)
18 43.1 (59) 52.6 (72)
19 34.1 (31) 61.5 (56)
Gender
Female 46.1 (89) 48.7 (94)
Male 39.9 (79) 56.1 (111)
Region
North 41.6 (57) 54.0 (74)
Midlands 37.7 (26) 55.1 (38)
South 45.5 (85) 50.3 (94)
Ethnicity
White 42.2 (137) 54.5 (177)
Black and minority ethnic groups 46.9 (30) 40.6 (26)
Smoking status
Never smoked 70.0 (14) 20.0 (4
Tried only 50.0 (100) 44.0 (88)
Former smoker 25.8 (8) 74.2 (23)
Current smoker 33.3 (44) 63.6 (84)

Notes: Unweighted base=392.

Current vapers were young people who had vaped on more than 10 days in their life and

who had vaped in the past 30 days.

Never smokers were young people who had never tried cigarettes. Tried only smokers

(referred to as ‘Experimental smokers’ in the ITC survey) were young people who had tried
cigarettes, but who had not smoked more than 100 cigarettes in their life. Former smokers
were young people who had smoked more than 100 cigarettes in their life, but who had not
smoked in the past 30 days. Current smokers were young people who had smoked more
than 100 cigarettes in their life and who had smoked in the past 30 days.

4.7% (n=19) said they did not know or refused to answer, therefore percentages might not
total 100.
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Figure 19. Frequency of urges to smoke or vape among young people aged 16 to
19 who currently smoke or had vaped in the past 30 days, England 2021 (ITC
Youth, weighted data)
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Notes: Unweighted bases Vaping=392; smoking=349. Current vapers were young people
who had vaped on more than 10 days in their life and who had vaped in the past 30 days.
Current smokers were young people who had had smoked more than 100 cigarettes in
their life and had smoked in the past 30 days.

16 current vapers (4.0%) and 3 (0.9%) current smokers reported they did not t know or
refused to answer, therefore percentages may not total 100.
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Figure 20. Strength of urges to vape among current vapers and strength of urges
to smoke among current smokers aged 11 to 18, England 2021 (ASH-Y, weighted
data)
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Notes: Unweighted bases Vaping=99; Smoking=105. Current vapers were young people
who vaped at least monthly. Current smokers were young people who smoked sometimes
but less than weekly, as well as those who smoked more than once a week.

3.12 Source, place of purchase and ownership

Itis illegal in the UK to sell tobacco or vaping products to under-18s, and for adults to buy
tobacco and vaping products on behalf of someone under the age of 18. Therefore, in this
section we limit data to under 18 year olds.

For 2021 ASH-Y participants aged 11 to 17 (Figure 21), all participants who vaped at least
monthly could provide one or more answers regarding where they get their vaping
products from. Similarly, all current smokers could provide one or more answers regarding
where they get their tobacco cigarettes from.

Under 18 year olds who were current vapers reported they obtained their products from
several sources; just under a quarter (24.8%) reported being given their products by
friends, 22.1% reported buying from newsagents, and 22.1% from the internet. The
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proportion reporting buying from the internet was substantially higher in 2021 compared to
12.4% in 2020, possibly as the internet may have been the only source of products as a
result of shop closures during the COVID-19 lockdowns. Just 3.2% said that their parents
gave vaping products to them. Overall, although the sale of vaping products to under 18s
is illegal, 7 out of 10 of the most popular sources of vaping products for underage youth
were for purchases—from physical or online shops.

Similar to vaping, among current smokers under 18, many reported that friends give
cigarettes to them (40.6%). Also, many reported buying cigarettes from shops, such as
supermarkets (22.0%) or from newsagents (33.1%).

Using 2021 ITC-Youth data for under 18 year olds, among those aged 16 to 17 years who
had vaped in the past 30 days, the most common source of vaping products was to be
given them by someone (37.5%). However, similar to ASH-Y, purchase of vaping products
was also common among those under 18, with over a third reporting purchasing products
from a store (32.1%) and almost a quarter reporting purchasing products online (23.3%).
Youth also reported giving someone else money to purchase products for them (13.2%),
and purchasing them from someone else (11.7%). Some youth also reported being given a
free sample of vaping products in the past 30 days (3.1%, Figure 22.).
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Figure 21. Sources of vaping products and tobacco cigarettes used by current vapers and current smokers aged 11 to
17, England 2021 (ASH-Y, weighted data)
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Notes: Unweighted bases; current vapers=66, current smokers=66. Participants could choose multiple response options. Current
vapers were young people who vaped at least monthly. Current smokers were young people who smoked sometimes but less than
weekly, as well as those who smoked more than once a week. Sources denoting that vaping products or tobacco cigarettes have
been given to (rather than bought by) young people are in striped bars.
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Figure 22. Sources of vaping products used by past 30 day vapers aged 16 to 17,
England 2021 (ITC Youth, weighted data)
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Notes: Unweighted base N=567. Participants who had vaped in the past 30 days. Multiple
sources could be selected.
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Among ITC Youth participants aged 16 to 19 years who had vaped in the past 30 days, the
majority reported owning their own vaping product (70.8%). A substantial majority of under
18 year olds reported owning a vaping product (16 to 17 year olds: 64.3%). Among older
young people, 78.8% of 18 year olds reported owning one, and 70.6% of 19 year olds
reported owning one.

3.13 Other nicotine products

Awareness and use of heated tobacco products among young people is described in the
chapter on heated tobacco products (chapter 14). Briefly, 2.2% of participants in the ITC
Youth survey reported ever use, and 0.3% of participants in the ASH-Y survey reported
current use.

The 2021 ITC Youth survey also asked about ever use and past 30-day use of different
tobacco and nicotine products (Figure 23). Among young people aged 16 to 19 in England,
11.0% reported having ever used a waterpipe, 9.1% had ever used little cigars or cigarillos
and 7.5% had ever used cigars. A very small proportion had ever used smokeless tobacco
products (5.0%) or nicotine pouches (4.0%). There has been little change in past 30 day
use of these products since 2017, apart from waterpipes, where past 30 day use was
estimated at 5.8% in 2019, double the prevalence reported in 2021 (7). This may be due to
the COVID-19 closure of bars, restaurants and festivals where waterpipes are typically
used in England.
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Figure 23. Ever use and past 30-day use of tobacco and nicotine products
among young people aged 16 to 19, England, 2021 (ITC Youth, weighted data)

BEver use 0OPast 30-day use

12% 11.0%

10% 9.1%

8% 7.5% 7.7%

6% 5 0% .
. 3.8% 4.4% 4.0%
4% 2.9% 2.9%
2-4% 1.9%
N

Waterpipe Little cigars  Cigars Nicotine Smokeless Bidis (litle  Nicotine

or cigarillos replacement tobacco cigarettes pouches
therapy hand-rolled
products in leaves)

Notes: Unweighted base=4,298.

3.14 Conclusions

Data reported in this chapter were collected in February 2021 (from the ITC Youth survey),
in March to April 2021 (from the 2021 ASH-Youth survey) and we also report top-line
prevalence data from the ASH-Y 2022 survey carried out in February to March 2022. In
response to the COVID-19 pandemic, schools were closed in England between the 4
January and 15 March 2021, and there were tight restrictions on social gatherings
between the 4 January and 19 May 2021. Although no restrictions were in place during
2022 data collection, it is likely that there are ongoing effects of the 2 years of social
restrictions on youth. So, conclusions in this chapter may be greatly affected by the impact
of the COVID-19 regulations, resulting social restrictions and social disruption on youth.

2022 ASH-Y survey data (11 to 18 year olds) showed:

e current smoking prevalence (including occasional and regular) was 6.0% in 2022,
compared with 4.1% in 2021 and 6.7% in 2020

e current vaping prevalence (including occasional and regular) was 8.6% in 2022,
compared with 4.0% in 2021 and 4.8% in 2020

209



Nicotine vaping in England: an evidence update including health risks and perceptions, September 2022

ITC Youth 2021 survey data (16 to 19 year olds) showed:

e current smoking prevalence (defined as smoking more than 100 cigarettes in their life
and having smoked in the past 30 days) was 7.9% in 2021 (compared with 8.5% in
February 2020 and 6.2% in August 2019)

e current vaping prevalence (defined as vaping on more than 10 days in their lifetime and
having vaped in the past 30 days) was 9.1% in 2021 (compared with 9.4% in February
2020, and 7.7% in August 2019)

Overall, data from the 2021 ASH-Y and ITC Youth surveys were broadly similar for
comparable age categories. Vaping among 19 year olds has been steadily increasing in
the ITC Youth data over recent years.

The 2022 ASH-Y data suggest that overall nicotine use (via smoking and/or vaping) has
increased over the past year, being 11.1% in 2022 compared with 6.2% in 2021; in 2015
the proportion was 7.7%.

Based on the socio-economic grade of 11 to 18 year olds in the 2022 ASH-Y survey the
estimates for smoking and vaping prevalence were similar for the more advantaged
groups in social grades A, B and C1 (5.8% for smoking, 8.4% for vaping) to more
disadvantaged groups in social grades C2, D and E (5.4% for smoking, 8.1% for vaping).
This was a departure from previous years. For example, in 2021, the estimates for
smoking and vaping prevalence were higher among the more advantaged groups in social
grades A, B and C1 (4.6% for smoking, 4.4% for vaping) than for the more disadvantaged
groups in social grades C2, D and E (2.8% for smoking, 3.0% for vaping), similar to ASH-Y
data from previous years.

The 2022 ASH-Y data indicated that most young people who had never smoked were also
not currently vaping (98.3%). This was consistent with the 2021 ASH-Y and 2021 ITC-
Youth data although the proportions were higher (99.2% and 99.1% respectively).

Disposable models were the most popular type of vaping device in the 2022 ASH-Y
survey, used by 52.8% of 11 to 18 year olds who currently vaped, and 18.7% used tank
models (which are reusable and rechargeable kits that users can refill with liquid). This
was a stark difference from previous years where tank models were the most popular type
of vaping device. For example, in 2021, only 7.8% of current vapers reported use of
disposable models, whereas 41.0% used tank models.

Youth from the 2021 ITC survey reported an effect of COVID-19 on smoking and vaping
behaviour: 8.0% of past year vapers reported quitting vaping and 15% reported cutting
down due to the COVID-19 pandemic. However, 15% reported vaping more as an effect of
the pandemic. Similar patterns were seen among those who had smoked in the past year,
with 7% reporting quitting, 20% reporting cutting down, but 18% reporting smoking more.
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These findings could contribute to the slight increase in former smokers (from 0.8 to 1.7%)
and former vapers (from 4.6 to 8.6%) observed in the ITC Youth data between 2019 and
2021.

The main reasons for vaping were to “give it a try” (48.8%, 2021 ASH-Y), and “liking the
flavours” (37.2%, ITC Youth). These reasons were most common among those who have
never smoked or only tried smoking. Among youth who smoked, or had smoked, in the
ITC youth survey, harm reduction, and quitting related reasons were common.

In the 2021 ASH-Y survey, most 11 to 18 year olds who had tried vaping had smoked first
(38.7%), while 24.7% said they had vaped before they smoked and 29.7% said they had
tried a vaping product and never tried smoking.

Fruit flavours were the most popular among current vapers (51.5% in 2021 ASH-Y). This
was followed by “menthol/mint” (13.0%), then “chocolate/dessert/sweet/candy” flavours
(9.3%), similar to data presented in our 2021 report.

Although it is illegal to sell vaping products to under 18 year olds, many under the age of
18 purchased and owned their own vaping devices. Among youth aged 11 to 17 from the
2021 ASH-Y survey, just under a quarter (24.8%) said that they were given products by
friends, but substantial minorities also reported buying them, for example 22.1% said they
bought them from newsagents, 22.1% online and 16.3% from a supermarket. Similarly,
youth aged 16 to 17 who had vaped in the past 30 days from the ITC survey commonly
reported being given products (37.5%). Many also reported buying products from shops
(32.1%) or online (23.3%). Nearly two-thirds (64.3%) of 16 to 17 year olds from the ITC
survey who had vaped in the past 30 days reported they owned a vaping product.

About a third (34.2%) of 11 to 18 year olds in the 2021 ASH-Y survey who currently vaped
or had vaped in the past reported always using vaping products that contained nicotine
and 20.4% reported always using nicotine-free products. Just over two-thirds (68.9%) of
16 to 19 year olds who had vaped in the past 30 days and had ever used vaping products
with nicotine, reported using nicotine in their current vaping product and 12.3% said their
vaping product did not contain nicotine.

In 2021, the most common nicotine strength used by 16 to 19 year olds in the ITC Youth
survey who had vaped in the past 30 days was reported to be under 20mg/mL (64.0%);
17.2% reportedly used a strength between 20mg/mL and 49mg/mL and 5.6% reportedly
used 50mg/mL or over. Compared to 2019 (19.6%), fewer participants reported they did
not know the strength of their vaping liquid (7.3%). About half (53.1%) of 16 to 19 year olds
who vaped in the past 30 days reportedly used nicotine salts, similar levels to those seen
in 2019 (56.6%); 40.4% did not use nicotine salts and 6.5% were unsure. This has
changed compared to 2019, where 30.6% did not use salts and 12.8% were unsure.
Overall, there was higher awareness of the inclusion of nicotine and type of nicotine and
fewer don’t know responses in 2021 compared to 2019.
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Under half (42.8%) of 16 to 19 year olds in the 2021 ITC Youth survey who currently
vaped did not feel addicted to vaping, but half (52.5%) said they felt a little or very
addicted. In comparison, 14.5% of 16 to 19 year olds who currently smoked did not feel
addicted to smoking, and 83.0% reported they felt a little or very addicted.

Just under a half (44.5%) of 16 to 19 year olds in the 2021 ITC Youth survey who currently
vaped reported experiencing urges to vape almost daily or more than daily, with 16.8%
reporting never experiencing an urge to vape. In comparison, 66.6% of youth who
currently smoked reported urges to smoke daily or multiple times a day, with 4.7%
reported never having urges to smoke.

Four in ten 11 to 18 year olds in the 2021 ASH-Y survey who currently vaped said they did
not feel any urges to vape at all (41.5%), with 23.5% reporting strong or extremely strong
urges to vape. In comparison, 24.3% of those who currently smoked reported no urge to
smoke with 31.4% reporting strong, very strong or extremely strong urge to smoke.

Just over one-tenth (11.0%) of 16 to 19 year olds in the ITC Youth survey reported ever
use of a waterpipe, 4.0% reported ever using nicotine pouches, and 5.0% reported ever
using smokeless tobacco.

3.15 Implications

Vaping and smoking among youth appear to have decreased between 2020 and 2021 but
then increased in 2022, hence it is important that trends continue to be monitored. The
differences in estimates between the ASH-Y and ITC Youth surveys in 2021 are likely due
to differences in the age demographics and a higher prevalence of vaping among 19 year
olds who are included in the ITC Youth but not the ASH-Y. There are also possible lasting
effects of the COVID-19 pandemic.

In 2022, higher vaping prevalence was reported across all age categories, therefore as
mentioned in our previous reports, enforcement of age of sale regulations for vaping (and
smoking) needs to be improved to reduce youth access to vaping products and cigarettes.

The dramatic increase in use of disposable products should be monitored with improved
regulatory oversight. Also, the advertising, packaging and marketing of disposable
products to young people should be investigated and, where appropriate, proportionate
action taken to reduce appeal to young people.

A small majority of 16 to 19 year olds reported changing vaping and smoking behaviours in
2021 due to COVID-19 and these trends need to be closely monitored given the effects of
the pandemic is ongoing.
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Trends in reasons for use, types of vaping product used, and nicotine strength assessed in
2021 have remained broadly similar compared to trends prior to COVID-19.

Dependence on vaping as assessed in 2021 appears lower than on smoking for youth.

Further research on dependence is ne