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Executive Summary

Emily Banks, Amelia Yazidjoglou, Sinan Brown, Mai Nguyen, Melonie Martin, Katie Beckwith,
Amanda Daluwatta, Sai Campbell, Grace Joshy

Background

Electronic cigarettes (e-cigarettes) are a diverse group of battery-powered devices that aerosolise a
liquid — often referred to as an ‘e-liquid’ = for inhalation. First manufactured commercially in 2003, e-
cigarettes entered broader global markets around 2006-2007. Ensuring appropriate evidence-based
policy and practice relating to e-cigarettes requires integration of large-scale contemporary evidence
on their safety, including both their likely direct effects on health, as well as their indirect effects,
through influencing smoking behaviour.

There are a number of major independent reviews of evidence on the health effects of e-cigarettes
including: the 2018 United States (US) National Academies of Sciences, Engineering and Medicine
(NASEM) review; the 2018 Public Health England review with an evidence update in 2020; the literature
review by the Commonwealth Scientific and Industrial Research Organisation (CSIRO) of Australia; the
2020 Irish Health Research Board literature map; the European Union Scientific Committee on Health,
Environmental and Emerging Risks (SCHEER) 2021 Opinion on electronic cigarettes; and the US
Preventive Services Task Force (USPSTF) 2021 recommendations and evidence synthesis on interventions
for tobacco cessation.

However, no systematic reviews of the health effects of e-cigarettes were located; nor were there any
reports incorporating systematic quality assessment. The conclusions and limitations of the reviews to
date, and the rapid evolution of evidence on e-cigarettes, highlight a need for a comprehensive and critical
systematic review of the available global evidence to inform the public, practitioners, policymakers and
other stakeholders about the health effects of e-cigarettes at the individual and population level.

Aims

This report aims to provide a systematic overview of the contemporary evidence on the health effects of
nicotine and non-nicotine e-cigarette use, excluding where possible use of tetrahydrocannabinol (THC)
and other illicit substances. The primary health outcomes of interest include, but are not limited to:
dependence; cardiovascular disease; cancer; respiratory disease; oral diseases; reproductive outcomes;
injuries and poisonings; mental health conditions; and environmental hazards with human health
implications. These findings are integrated with those from previous systematic reviews on smoking
uptake and cessation.

Methods

The report commences with a narrative review of contextual information on the characteristics of e-
cigarettes, nicotine and non-nicotine constituents, their national and international regulation and
patterns of exposure. The main body of the report is a systematic review of the worldwide contemporary
evidence on health outcomes in relation to e-cigarettes, which combines an umbrella review of evidence
from major national and international independent reviews with a “top-up” systematic review of evidence
published since the NASEM review. Results from previous systematic reviews by the report authors on e-
cigarettes and smoking uptake and cessation are also integrated. All systematic reviews followed pre-
specified, registered protocols. The report was informed by the National Health and Medical Research
Council of Australia E-cigarettes Working Committee stakeholder consultations and underwent expert
methodological review.

Summary of key findings

Context and exposure

E-cigarette devices and e-liquids vary widely, with many thousands of products on the market. Devices
range from earlier lower power and nicotine dose products designed to resemble conventional cigarettes
and larger “tank” devices with variable and highly powered heating coils; to more recent small and high
concentration nicotine salt “pod” and disposable products. Standard e-liquids include water, propylene
glycol and vegetable glycerine and often contain flavourings and nicotine in freebase or salt form. Use of
e-cigarettes results in inhalation of a complex array of chemicals originating from the e-liquid, chemical
reactions in the heating coil and the device itself. These include nicotine, solvent carriers (propylene
glycol, ethylene glycol and glycerol), tobacco-specific nitrosamines, volatile organic compounds, phenolic
compounds, flavourings, tobacco alkaloids, aldehydes, free radicals, reactive oxygen species, furans and
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metals. Toxicological studies indicate that exposure to these substances can result in adverse health
effects. Nicotine is highly addictive and there is evidence from basic human and animal studies that it
adversely affects cardiovascular measures and brain development and functioning.

Overall, at least 32 countries ban the sale of nicotine e-cigarettes, 79 countries - including Australia -
allow them to be sold while fully or partially regulating them and the remaining 84 countries do not
regulate them at all. There are currently tens of millions of e-cigarette users worldwide, with enormous
variation in the prevalence of use from country to country. Use is generally more common among youth,
with ever-use among people aged 8-19 varying from 2% in Cambodia to 52% in France and current use
varying from 1% in Hong Kong and Mexico to 33% in Guam. In Australia, data from 2019 indicate that 11%
of people aged 14 and over have ever used e-cigarettes and 2% report current at least monthly use. Use
is also more common among, youth, males and smokers and the majority is not for the purposes of
smoking cessation; 53.0% of current e-cigarette use is dual-use in people who also smoke, 31.5% is in
past smokers and 15.5% is in never smokers.

Systematic review

The systematic umbrella and top-up review identified a total of 18,992 potentially eligible studies; 12,434
duplicates were removed and 6,558 underwent title and abstract screening. There were 227 identified in
the systematic literature database search, 10 from forward and backward searching and one from grey
literature consistent with the inclusion criteria on health outcomes associated with e-cigarette use. Of
these 238 studies, 152 were included in the evidence synthesis and 86 were excluded from evidence
synthesis as they were rated as not providing evidence suitable for assessing the causal relationship
between e-cigarette use and the outcome specified. In addition to the 152 studies, 37 studies from the
two previous reviews on smoking uptake and cessation were included in evidence synthesis. Therefore, a
total of 189 studies were included in evidence synthesis. While data on whether e-cigarettes were
nicotine- or not nicotine-delivering were generally not reported, the vast bulk of use is nicotine e-
cigarettes and the health effects observed were considered to apply to nicotine e-cigarettes, unless
specified otherwise.

Evidence regarding the health impacts of e-cigarettes is very limited. The current worldwide evidence
indicates that use of nicotine e-cigarettes increases the risk of certain adverse health outcomes (Table i).
There is conclusive evidence that e-cigarettes and their constituents cause poisoning, injuries and burns
and immediate toxicity through inhalation, including seizures, and that their use leads to addiction and
that they cause less serious adverse events, such as throat irritation and nausea. There is conclusive
evidence that e-cigarettes cause acute lung injury, largely linked to e-liquids containing THC and vitamin
E acetate, although around 1in 8 cases in the largest study to date were from reported use of nicotine-
only products. Their environmental impacts include waste, fires and indoor airborne particulate matter,
which, in turn, are likely to have adverse health impacts, the extent of which cannot be determined. There
is insufficient evidence regarding ceasing smoking and switching completely to e-cigarettes with respect
to exacerbations of respiratory disease or changes in respiratory symptoms, lung function and other
respiratory measures. There is limited evidence that use of e-cigarettes in non-smokers leads to acute
reductions in lung function and other respiratory measures. Among smokers, there is moderate evidence
that use of e-cigarettes increases heart rate, systolic blood pressure, diastolic blood pressure and arterial
stiffness acutely after use.

There is strong evidence that e-cigarettes increase combustible smoking uptake in non-smokers,
particularly youth, and limited evidence that in the clinical setting freebase nicotine e-cigarettes are
efficacious as an aid to smoking cessation. There is limited evidence that ex-smokers who use e-
cigarettes have around double the likelihood of relapse to resuming smoking than ex-smokers who do not
use e-cigarettes.

A central finding of this systematic review is the paucity of evidence regarding e-cigarettes and clinical
health outcomes. While certain more immediate risks can be identified from the current evidence, the
impact of nicotine and non-nicotine e-cigarettes on important clinical health outcomes - including those
related to cardiovascular disease, cancer, mental health, development in children and adolescents,
reproduction, sleep, wound healing, neurological disease and endocrine, olfactory, optical, allergic and
haematological conditions - is not known, as reliable evidence is lacking. The health impacts of dual
smoking and e-cigarette use are not known. The evidence that is available relates largely to common
health outcomes discernible within months or years of commencing use - such as addiction and effects
on smoking behaviour - and acute outcomes where causality between exposure to e-cigarettes and the
health event is apparent at the individual or group level - such as poisonings, burns, nicotine toxicity and
lung injury.

Electronic cigarettes and health outcomes: systematic review of global evidence ix



Table i: Overview of study papers identified in the systematic review, by health outcome category and study design

Health outcome | Meta- |Randomised | Cohort Non- Surveillance| Cross- | Case | Case
analyses| controlled | study | randomised | control report sectional | series | report
trial intervention survey
study
Dependence and 13 1 17
abuse liability 7/6 0/1 9/8 1/9
Cardiovascular 11 1 6

health outcomes 3/8 5/1

8

2
Respirator

* 0/18 4 /17 o/n

outcomes

19
Oral health
Developmental :

and reproductive
effects

11
j
14/10 | 5/1

Burns and 7
injuries

. 4 23
Poisoning
Mental health 8
effects 0/8

Environmental
hazards with
health
implications**
Neurological
outcomes

Sleep outcomes

Less serious
adverse events

Optical health

Wound healing

Olfactory
outcomes
Endocrine
outcomes
Allergic
diseases
Haematological
outcomes

Notes:

- The top large number is the combined count of studies from the NASEM review and the top-up review; the first bottom small number is the

count of studies from the NASEM review; the second bottom small number is the count of additional studies from the top-up review.

- Numbers in green relate to evidence most relevant to the assessment of causation; numbers in red relate to evidence of generally limited

contribution to the assessment of causation.

- Study counts exclude studies from the NASEM review that are outside our eligibility criteria, e.g., THC e-cigarette use, biomarker outcomes.

- Ina small number of cases, indicated study design may be different to the design as stated by individual study authors.

* Numbers in case series and case reports represent all evidence (both studies included in the evidence synthesis and those omitted from

evidence synthesis due to issues with assessment of causality).

** Characterisation of studies in environmental outcomes differs from other outcomes. Those included in non-randomised intervention studies

are controlled experimental studies and those included in case series are natural experiments.
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Table ii: Summary of evidence synthesis on the effects of nicotine e-cigarettes on health outcomes

Health outcome
group

Summary conclusions from evidence review

Dependence and
abuse liability

e Among non-smokers, there is substantial evidence that e-cigarette use results in
dependence on e-cigarettes.

¢ Among smokers, there is limited evidence that e-cigarette use results in
dependence on e-cigarettes. There is limited evidence that e-cigarettes have
lower abuse liability than combustible cigarettes and limited evidence that e-
cigarettes have a higher abuse liability than nicotine replacement therapy
products among smokers.

e Among smokers, there is insufficient evidence whether abuse liability risk is
influenced by flavour and nicotine concentration variations.

Cardiovascular
health outcomes

e Thereis no available evidence on the effect of e-cigarette use on the risk of
clinical cardiovascular disease outcomes, such as myocardial infarction, stroke or
cardiovascular mortality.

e There is no available evidence on e-cigarette use and the risk of subclinical
atherosclerosis-related outcomes such as carotid intima-media thickness and
coronary artery calcification.
Among non-smokers, there is insufficient evidence that e-cigarette use is related
to other cardiovascular outcomes, including: increased blood pressure, heart rate,
autonomic control and arterial stiffness; reduced endothelial function, hand
microcirculation and cardiac function/geometry; and cardiac device interference.

¢ Among smokers, there is moderate evidence that use of e-cigarettes increases
heart rate, systolic blood pressure, diastolic blood pressure and arterial stiffness
acutely after use; and limited evidence that use increases endothelial
dysfunction, and that long term use after switching from combustible cigarette
smoking decreases blood pressure.

Cancer

e Thereis no available evidence on the relationship of e-cigarette use to invasive
cancer risk.

e Thereis no available evidence on the relationship of e-cigarette use to the risk of
precancer/subclinical cancer outcomes.

Respiratory
health outcomes

e There is conclusive evidence that the use of e-cigarettes can cause respiratory
disease (EVALI) among smokers and non-smokers. Current evidence from the
largest study to date is that this lung injury is chiefly related to e-cigarettes
delivering THC, with half of cases related to THC in conjunction with vitamin E
acetate, and 14% in patients reporting the use of nicotine-delivering products only,
indicating that the latter products can cause EVALI.

e Thereisinsufficient evidence on the relationship of e-cigarette use to other clinical
respiratory outcomes, including asthma, bronchitis and COPD in smokers and no
available evidence in non-smokers.

e There is insufficient evidence for a reduction in respiratory exacerbations and
disease progression among adult healthy, asthmatic and COPD smokers who
switch to exclusive or dual-use of e-cigarettes.

e Thereis limited evidence in non-smokers and insufficient evidence in smokers that
e-cigarettes have acute (up to two hours post-exposure) effects on spirometry
parameters.

e Thereis limited evidence that e-cigarette use increases respiratory resistance and
impedance in healthy and asthmatic smokers up to 30 minutes post-exposure.

e There is insufficient evidence on the effect of e-cigarettes on exhaled breath
outcomes among smokers and non-smokers (healthy and asthmatic).

e There is insufficient evidence on the relationship of e-cigarette use to other
respiratory measures (sinonasal symptoms, airway hyperresponsiveness) in
smokers and no available evidence in non-smokers.

Oral health

e Thereis no available evidence on the relationship of e-cigarette use to clinical or
intermediate/subclinical oral health outcomes in exclusive e-cigarette users,
independent of the effect of smoking.

e Thereisinsufficient evidence of reduced plaque, gingival and papillary bleeding in
smokers switching to e-cigarette use.
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Health outcome
group

Summary conclusions from evidence review

e In populations including exclusive e-cigarette users, dual users, and non-smokers
(never and former smokers), there is insufficient evidence as to the relationship of
e-cigarette use to increased gum disease, bone loss around the teeth and any
periodontal disease.

Developmental
and reproductive
effects

e There is no available evidence as to how use of e-cigarettes affects the
development of children or adolescents.

e There is insufficient evidence as to how e-cigarette use relates to pregnancy and
foetal outcomes, such as low birthweight, preterm birth, Apgar score and small-for-
gestational-age birth, among exclusive e-cigarette users and dual users.

e There is no available evidence as to how use of e-cigarettes affects other
reproductive outcomes.

Burns and e There is conclusive evidence that e-cigarettes can cause burns and injuries, which
injuries can be severe and can result in death.
e There is conclusive evidence that intentional or accidental exposure to nicotine e-
liguids can lead to poisoning, which can be severe and can result in death. A
Poisoning significant number of accidental poisonings occur in children under the age of six.

e Thereis conclusive evidence that use of e-cigarettes can result in nicotine
toxicity.

Mental health
effects

e There is no available evidence as to how e-cigarette use affects clinical mental
health outcomes.

e Thereisinsufficient evidence as to the relationship of e-cigarette use to depressive
symptoms and no available evidence regarding their effects on alternative
subclinical mental health measures.

Environmental
hazards with
health
implications

e Thereis conclusive evidence that e-cigarette use results in increased airborne
particulate matter in indoor environments.

e Thereis limited evidence that e-cigarette use results in increased concentrations
of airborne nicotine and of nicotine and cotinine on indoor surfaces.

e Thereisinsufficient evidence that e-cigarette use results in increased air levels of
carbon dioxide, carbon monoxide, propylene glycol, volatile organic compounds
and carbonyls.

e Thereis substantial evidence that e-cigarettes can cause fires and environmental
waste and insufficient evidence as to the extent that these present a hazard to
human health.

Neurological
outcomes

e Thereis conclusive evidence that the use of e-cigarettes can lead to seizures.

e There is limited evidence that injuries due to e-cigarette explosions can lead to
nerve damage.

e Thereis no available evidence as to how the use of e-cigarettes affects the risk of
other clinical neurological outcomes.

Sleep outcomes

e There is no available evidence as to the effect of e-cigarettes on clinical sleep
outcomes.

Less serious
adverse events

e Thereis moderate evidence that less serious adverse events - such as throat
irritation, cough, dizziness, headache and nausea - occur with use of nicotine e-
cigarettes.

Optical health

e Thereis no available evidence on the relation of e-cigarette use to clinical optical
outcomes.

e Thereis insufficient evidence on the relation of e-cigarette use to corneal
epithelial thickness or pre-corneal tear film stability and no evidence on other
optical outcomes.

Wound healing

e There is no available evidence as to the effect of e-cigarette use on clinical or
subclinical wound healing outcomes.

Olfactory
outcomes

e Thereis no available evidence on the effect of e-cigarette use on clinical olfactory
outcomes.

e Thereis insufficient evidence on the relationship between use of e-cigarettes and
subclinical olfactory measures.
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Health outcome
group

Summary conclusions from evidence review

There is no available evidence on the relationship of e-cigarette use to clinical

Endocrine endocrine outcomes and insufficient evidence regarding subclinical endocrine
outcomes . . . .

outcomes of prediabetes and insulin resistance.
Allergic There is limited evidence that e-cigarette use can lead to contact dermatitis and
diseases no available evidence on other clinical allergy outcomes.
Haematological There is no available evidence on the relationship of e-cigarette use to
outcomes haematological outcomes.

Smoking uptake

There is strong evidence that never smokers who use e-cigarettes are on average
around three times as likely than those who do not use e-cigarettes to initiate
cigarette smoking.

There is strong evidence that non-smokers who use e-cigarettes are also around
three times as likely as those who do not use e-cigarettes to become current
cigarette smokers.

There is limited evidence that former smokers who use e-cigarettes are more
likely to relapse and resume current smoking than former smokers who have not
used e-cigarettes.

Smoking and
nicotine
cessation

There is limited evidence that, in the clinical context, freebase nicotine e-cigarettes
may be more efficacious for smoking cessation than existing NRT, and that nicotine
e-cigarettes may be more efficacious than no intervention or usual care.

Trials demonstrating efficacy were limited to products with freebase nicotine
concentrations <20mg/mL. There is no evidence that nicotine salt products are
efficacious for smoking cessation.

There is insufficient evidence that freebase nicotine e-cigarettes are efficacious
for smoking cessation, compared to non-nicotine e-cigarettes or that non-nicotine
e-cigarettes are efficacious for smoking cessation compared to counselling or
approved NRT.

There is insufficient evidence that freebase nicotine e-cigarettes are efficacious
outside the clinical setting.

No evidence on nicotine salt products was located and their efficacy for smoking
cessation is unknown.

There is limited evidence that use of nicotine e-cigarettes for smoking cessation
results in greater ongoing exposure to nicotine than approved NRT, through
ongoing exclusive e-cigarette use or dual use if smoking continues.
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Discussion

Among non-smokers, there is currently strong evidence that use of e-cigarettes is harmful to health
overall, with multiple health harms and no health benefits identified in this population. Given the evidence
regarding the direct healthrisks of e-cigarette use, the evidence that they generate new tobacco smokers
- with established high levels of harm - the uncertainty about major health outcomes, and the importance
of low smoking uptake as a driver of progress against tobacco, use of e-cigarettes in non-smokers,
especially youth, represents a serious public health risk. In this context, high and increasing use among
youth, including in Australia, is concerning. Health impacts in ex-smokers will be reduced if use is avoided,
compared to using e-cigarettes, and limited evidence indicates increased risk of resumption of smoking
with use of e-cigarettes.

The most common pattern of e-cigarette use in many countries, including Australia, is dual tobacco
smoking and e-cigarette use. The direct health impacts of dual use are unclear and prolongation of
smoking is likely to increase risks. Smokers are vulnerable to the identified adverse health consequences
of e-cigarettes. While some of the risks of e-cigarette use will accrue to the smokers themselves, others
- such as poisoning, environmental impacts, use by non-smokers and increased smoking uptake in non-
smokers - affect other community and family members. Given the extreme harms of smoking, the balance
of probabilities may be that e-cigarettes are beneficial in some smokers who use them to quit smoking
completely and promptly. However, since evidence on efficacy for smoking cessation is limited, multiple
risks of nicotine e-cigarettes have been identified, most users continue to smoke, and their long-term
effects are unknown, the ultimate balance of safety and efficacy of the use of e-cigarettes for smoking
cessation is unclear. The majority of smokers who quit do so unaided and a range of first-line approved
smoking cessation aids with established safety, quality and efficacy are available. Hence, for current
smokers, there continues to be insufficient evidence that the benefits of e-cigarettes outweigh their
harms. This is consistent with the fact that, internationally, they are not registered as therapeutic goods
and, as such, their quality, safety and efficacy for smoking cessation have not been established. It is also
consistent with the World Health Organization (WHO) position that e-cigarettes should be strictly
regulated for maximum protection of public health.

The identified risks of e-cigarettes are likely to be increased with: high nicotine concentrations; high e-
liquid volumes; “at home” dilution and other preparation; open systems; high concentration nicotine salt
products; flavourings and products likely to appeal to children, adolescents and non-smokers;
adulteration; inadequate or inaccurate labelling; and non-child-resistant packaging. Nicotine e-cigarette
use in the broader community, including among youth and non-smokers, and e-cigarette related risks will
also increase with factors such as: availability; advertising and promotion; low cost; lack of enforcement
of legislation; tobacco/nicotine industry influence; misinformation about health impacts; and high
concentration nicotine salt products.

Conclusions

There is strong or conclusive evidence that nicotine e-cigarettes can be harmful to health and uncertainty
regarding their impacts on a range of important health and disease outcomes. Based on the current
worldwide evidence, use of nicotine e-cigarettes increases the risk of arange of adverse health outcomes,
including: poisoning; toxicity from inhalation (such as seizures); addiction; trauma and burns; lung injury;
and smoking uptake, particularly in youth. Their effects on most other clinical outcomes are unknown,
including those related to cardiovascular disease, cancer, respiratory conditions other than lung injury,
mental health, development in children and adolescents, reproduction, sleep, wound healing, neurological
conditions other than seizures, and endocrine, olfactory, optical, allergic and haematological conditions.
Nicotine e-cigarettes are highly addictive, underpinning increasing and widespread use among children
and adolescents in many settings. Less direct evidence indicates adverse effects of e-cigarettes on
cardiovascular health markers, including blood pressure and heart rate, lung function and adolescent
brain development and function. Environmental impacts include indoor air pollution, waste and fires. The
commonest pattern of e-cigarette use is dual e-cigarette use and tobacco smoking, which is generally
considered an adverse outcome. There is limited evidence of efficacy of freebase nicotine e-cigarettes
as an aid to smoking cessation in the clinical setting. E-cigarettes may be beneficial in some smokers who
use them to quit smoking completely and promptly, with uncertainty about their overall balance of risks
and benefits for cessation. Current evidence supports national and international efforts to avoid e-
cigarette use in the general population, particularly in non-smokers and youth. Better evidence is needed
on health impacts, the overall balance of quality, safety and efficacy of e-cigarettes as potential aids for
smoking cessation, and effective regulatory options.
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1 Introduction

1.1 Purpose and scope

This document presents a review of the health effects of electronic cigarettes (e-cigarettes). It was
commissioned by the Australian Department of Health and was undertaken independently by researchers
from the National Centre for Epidemiology and Population Health, The Australian National University.

1.2 Background

E-cigarettes are a diverse group of battery-powered devices that aerosolise a liquid (often referred to as
an ‘e-liquid’) for inhalation.'? The composition of e-liquids varies widely. Standard e-liquids include water,
propylene glycol and vegetable glycerine and often contain flavourings and nicotine. Nicotine is in either
freebase or, more recently, in salt form.® First manufactured commercially in China in 2003, e-cigarettes
entered the European and United States (US) marketplaces around 2006-2007. They now include many
thousands of devices and liquids.*5°

There are currently tens of millions of e-cigarette users worldwide, with enormous variation in the
prevalence of use from country to country, reflecting diverse approaches to regulation and other factors
(see Chapter 3 for more detail).” Ensuring appropriate evidence-based policy and practice relating to e-
cigarettes requires large-scale integration of contemporary evidence on their likely effects on health,
including their safety. This requires consideration of evidence regarding their direct effects on health, as
well as their indirect effects - through influencing smoking behaviour. Evidence regarding the latter - in
terms of effects of e-cigarettes on smoking uptake and efficacy for smoking cessation - has been
reviewed in previous reports, which are summarised in Chapter 5 of this review.8 "

There are a number of major independent reviews of evidence on the health effects of e-cigarettes
including: the 2018 US National Academies of Sciences, Engineering and Medicine (NASEM) review;® the
2018 Public Health England review" with evidence updates in 2020 and 2021;"® the literature review by
the Commonwealth Scientific and Industrial Research Organisation of Australia (CSIR0);™ the 2020 Irish
Health Research Board literature map;® the European Union Scientific Committee on Health,
Environmental and Emerging Risks (SCHEER) 2021 Opinion on electronic cigarettes*; and the US
Preventive Services Task Force (USPSTF) 2021 recommendations and evidence synthesis on interventions
for tobacco cessation.’® The 2018 NASEM review on the human health effects of e-cigarettes reported
the health outcomes associated with e-cigarette use, comparing smokers, ex-smokers and never smokers
where evidence was available.® The review made 26 conclusions about the effects of e-cigarette use on
human health, including that “e-cigarettes are not without physiological activity in humans, but the
implications for long-term effects on morbidity and mortality are not yet clear. Use of e-cigarettes instead of
combustible tobacco cigarettes by those with existing respiratory disease might be less harmful”.

The review also identified evidence on health impacts of e-cigarettes as a major need, with knowledge
gaps identified in the NASEM review including:

1. There is no available evidence whether or not e-cigarette use is associated with clinical
cardiovascular outcomes (coronary heart disease, stroke, and peripheral artery disease) and
subclinical atherosclerosis (carotid intima-media thickness and coronary artery calcification).

2. There is no available evidence whether or not e-cigarette use is associated with intermediate
cancer endpoints in humans. This holds true for e-cigarette use compared with use of combustible
tobacco cigarettes and e-cigarette use compared with no use of tobacco products.

3. There is no available evidence whether or not e-cigarette use causes respiratory diseases in
humans.

4. Thereis no available evidence whether or not e-cigarette use affects pregnancy outcomes.

5. There are no epidemiological studies examining the associations between e-cigarette use and
incidence or progression of periodontal disease.

6. There are no epidemiological studies about injuries and poisonings, but the literature does contain
numerous case reports, case series, and reports from passive surveillance systems, such as
poison control centres.

The NASEM review identified the need for cohort studies to compare clinical and subclinical health
outcomes among e-cigarette users versus combustible tobacco users.

Similar to the NASEM review,® the 2018 Public Health England™ and CSIRO reviews™ also identified a lack
of evidence for long-term health outcomes and the need for further research to identify health outcomes
associated with use of e-cigarettes."'* These reviews note a lack of robust independent evidence on the
health effects of e-cigarette use because of potential confounding by combustible tobacco smoking.3™
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The 2018 Public Health England review" updated a Public Health England report published in 2015 and
included peer-reviewed primary research, systematic reviews, meta-analyses, repeated cross-sectional
surveys and longitudinal studies published between 1 January 2015 and 18 August 2017." The review
focused on evidence from the United Kingdom (UK). It also included evidence on heat-not-burn products.
The review only included evidence related to nicotine e-cigarettes and excluded studies on non-nicotine
e-cigarettes. An update released in March 2020 reviewed studies of e-cigarette use among people with
mental health conditions and those in pregnancy and postpartum, that were published between 5
November 2018 and 18 October 2019. An update released in February 2021 updated evidence on e-
cigarettes for smoking cessation.”

The CSIRO review was also restricted to nicotine e-cigarettes.' A limitation of this review was that only
Scopus and Web of Science were searched, compared to six databases searched in the NASEM and Public
Health England reviews. The review included peer-reviewed primary research, systematic reviews and
meta-analyses published from 1 January 2015 to 11 May 2018. The CSIRO review found likely adverse
health consequences among regular users of e-cigarettes.”* However, they found a lack of clarity about
the magnitude of adverse health effects, and the quantity of e-cigarette use required to trigger adverse
health effects. They also revealed lack of an independent effect of e-cigarette use on lung function,
because of potential confounding by combustible tobacco smoking.

The Irish Health Research Board literature map'® was published during the early stages of this review in
June 2020. The Irish Health Research Board document stated that “long-term longitudinal cohort studies
with detailed measures of exposure, specifically frequency of use and the chemical nature of the product
used, are required in order to better understand if changes in the use of smoking-related products, such
as the use of e-cigarettes, have a positive or negative impact on later life health outcomes.” The review
highlighted four main research gap areas including:

1. The comparison populations regarding smoking-related behaviours must be clearly defined.

2. The current variety of e-cigarette devices and the chemical composition of the various e-liquids
available on the market needs to be documented and evaluated in order to determine the safety
of these products, including the use of flavourings to entice non-smokers to initiate e-cigarette
use and the issue of flavourings approved for ingestion, but not for inhalation.

3. Abetter understanding of the direct, mechanistic, and parallel effects of these toxins is required
before assertions can be made that lower levels of exposure translate into reductions in the
incidence of specific or overall disease outcomes.

4. A dearth of longitudinal information on specific populations where evidence on the impact of e-
cigarettes could clearly contribute to public health policy formation. These populations include:
adolescents, pregnant and lactating women and pregnancy itself (embryos and newborns),
people with mental health problems, as well as patients with cancer, cardiovascular disease, or
diabetes.

The Irish Health Research Board™ noted several limitations with their literature map, which included the
lack of depth with which health outcomes were explored, the limitations of the available epidemiological
data in establishing causality, the lack of quality assessment and critical appraisal, and the array of e-
cigarette products and difficulties generalising beyond the specific products tested.

The SCHEER review noted a range of likely health impacts of e-cigarettes and a lack of evidence,
particularly on long-term health effects.* The USPSTF 2021 recommendations and evidence synthesis on
interventions for tobacco cessation™ noted the limited evidence on the benefits and harms of e-
cigarettes.

No contemporary comprehensive systematic reviews of the current evidence on the health effects of e-
cigarettes were located; nor were there any reports incorporating systematic quality assessment. The
conclusions and limitations of the reviews to date, and the rapid evolution of evidence on e-cigarettes,
highlight a need for a comprehensive and critical systematic review of the available evidence to inform
the public, practitioners, policymakers and other stakeholders about the health effects of e-cigarettes at
the individual and the population level.
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2 Aims and methods

2.1 Aims

This systematic review aims to provide an overview of the contemporary evidence on the health outcomes
directly related to e-cigarette use, and addresses the review question “What is the contemporary
evidence on the health outcomes of nicotine and non-nicotine e-cigarette use?” It relates largely to
outcomes in relation to e-cigarettes as whole products, rather than the effects of their individual
constituent parts. The primary health outcomes of interest include, but are not limited to: dependence;
cardiovascular disease; cancer; respiratory disease; oral diseases; reproductive outcomes; injuries and
poisonings; mental health conditions; and environmental hazards with human health implications. These
findings are integrated with those from previous systematic reviews on smoking uptake and cessation.

2.2 Methods

This report commences with contextual information on the characteristics of e-cigarettes, their national
and international regulation, exposure to e-cigarettes and background information on nicotine and non-
nicotine components. This brief section draws broadly on the methods used for the “exposure” sections
in the Monographs of the International Agency for Research on Cancer, World Health Organization.” It
presents narratives of information largely derived from national and international independent reviews
to provide background to the systematic review.

The main body of the report is a systematic review of the worldwide contemporary evidence on health
outcomes in relation to e-cigarettes, which combines an umbrella review of evidence from major national
and international independent reviews - including NASEM, Public Health England, CSIRO, SCHEER and
USPSTF reviews, and the Irish Health Research Board literature map - with a “top-up” systematic review
of evidence published since the NASEM review.

In addition to the direct effects of e-cigarettes on health outcomes, e-cigarettes have the ability to
indirectly impact health via influencing smoking behaviour, more specifically, smoking initiation and
smoking cessation. These results are also presented and have been sourced from previous systematic
reviews conducted by the report authors.®'° Details of the methods are presented in Appendix 1and in the
published reports.

2.3 Methodological considerations

As well as the standard issues related to establishing and excluding the effects of exposures of interests
on outcomes, reliably ascertaining the health impacts of e-cigarettes presents specific challenges,
including:

1. The wide range of e-liquid constituents, concentrations and devices, uncertainties about exposure and
introduction of new products over time. E-cigarette use results in exposure to many thousands of
different chemical combinations, with varying doses of these chemicals.* There are also many thousands
of e-cigarette devices, capable of delivering varying doses of e-liquid constituents. New devices and e-
liquids are also being introduced to the market. Hence, the combinations of chemicals delivered by e-
cigarettes will vary between individuals in a given study, between studies and over time. In addition, it is
often difficult to know with accuracy what the components of an e-liquid are, as labelling is variable and
can be inaccurate. The components that are generally used are propylene glycol and vegetable glycerine,
and most e-cigarettes are used to deliver nicotine. Health outcomes are likely to differ according to e-
liquid composition and dose, including that attributable to use of different devices.

2. The wide range of health outcomes. To understand the potential health impacts of e-cigarettes, it is
necessary to review the evidence on a very broad range of outcomes, including dependence on e-
cigarettes, cardiovascular disease, cancer, respiratory diseases, oral diseases, maternal and foetal
outcomes, injuries, burns and poisonings, mental health, human health risks from environmental impact,
and other health outcomes as arise in the systematic search process. Data related to injuries, burns and
poisoning and environmental impact are often not published in peer-reviewed journals, and calculating
the incidence of these outcomes is challenging.”'*

3. The relatively recent introduction of e-cigarettes as a population exposure. Many of the adverse health
impacts of new exposures take decades to become apparent. Population exposure to use of e-cigarettes
has only become substantial since around 2010. It will therefore be some time before it is possible to
reliably ascertain their long-term effects on health.
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4. The evidence requirements for establishing and excluding causal relationships between e-cigarette
exposure and disease outcomes. This review is concerned with evidence on the causal relationship of e-
cigarette use to health outcomes. Evidence regarding the likely indirect health impacts of e-cigarettes
via their effects on tobacco smoking behaviour has been reviewed separately.8%® From a safety
perspective, the review is also concerned with the extent to which adverse effects can be excluded,
including the statistical limits around estimates of risk. Given the potential for widespread exposure to e-
cigarettes in the general population, relatively modest elevations in risk - of the order of 20 to 30% - are
important for public health and therefore evidence is required to both detect and exclude such elevations
in risk. These considerations necessitate the focus on study designs able to provide evidence relevant to
causality, which are of sufficient size and quality to provide statistically reliable evidence.

4a. Study design: Broadly speaking, this includes studies where exposure to e-cigarettes can be
demonstrated to precede the outcome and which are capable of contributing other evidence regarding
causality.” These include randomised controlled trials, other intervention studies, prospective cohort
studies and case-control studies, of sufficient quality and size, and suitable study design to support
causal inferences. For certain outcomes when no other causal agent is likely - such as poisonings, burns
and fires - case reports and evidence from surveillance systems are also informative. Cross-sectional
surveys, case reports and case series generally do not permit assessment of likely causality for most
outcomes.

4b. Clinical outcomes: The emphasis of this review is on clinically important health outcomes: disease
endpoints such as the diagnosis of invasive cancer, cardiovascular diseases including myocardial
infarction, stroke and peripheral vascular disease, respiratory diseases including asthma, infections and
chronic obstructive pulmonary disease and dependency outcomes. While evidence on so-called
“intermediate” outcomes (such as the thickness of artery walls) and pathophysiological parameters (e.g.
heart rate, blood pressure) is presented, this is not a substitute for evidence relating to clinical outcomes
and there are multiple examples of the inadequacy of, and risks relating to, use of this type of evidence
for decision-making on safety (e.g. hormonal therapy for menopause).

4c. Bias and confounding, particularly in relation to tobacco smoking: A central consideration is being able
to differentiate the likely effects of e-cigarette exposure from those of other factors, particularly
combustible tobacco smoking. Smoking substantially increases the risk of over 30 health conditions
including cancer, cardiovascular disease and respiratory disease. Contemporary Australian data show
that the risk of lung cancer in current smokers is 18 times that of never smokers and in ex-smokers is 6
times (1800% and 600% increases, respectively).?° The risk of cardiovascular disease - myocardial
infarction, stroke, peripheral vascular disease, heart failure - in current smokers is around two- to three-
fold that of never smokers?' and the risk of dying of chronic obstructive pulmonary disease is more than
30-fold.?? Moreover, among smokers the risk increases substantively with increasing duration and
increasing intensity of smoking; the latter measured as number of cigarettes per day smoked. Differences
in risk according to smoking intensity are large - for example, contemporary Australian data show that,
compared to never smokers, the hazard ratio for lung cancer is 9.22 (95% CI| 5.14-16.55) for current
smokers of 1-5 cigarettes per day, increasing to 38.61(95% Cl 25.65-58.13) with >35 cigarettes per day.?°
Among ex-smokers, disease risk also varies according to age at or time since quitting.?>*® Increased
quitting among smokers diagnosed with illnesses (the “sick quitter” effect) is well-established and
further complicates the picture.®*

This is a well-recognised issue when examining the effects of exposures and outcomes known to vary
according to smoking status. Where smoking has a large effect on risk and an exposure relates closely
to smoking behaviour, it is virtually impossible to reliably quantify the effect of that exposure
independent of smoking, if smokers are included in the analyses. Because risk varies not only according
to smoking status, but also according to duration, intensity and recency, the most - and often the only -
reliable evidence comes from restricting analyses to people who have never smoked. This well-
established method is commonly used in analyses such as those quantifying the impacts of environmental
tobacco smoke?5?® and risk factors for lung cancer other than smoking.?” Adjustment of analyses for
smoking often only accounts for current, past and never smoking and not intensity and other smoking
attributes, leading to issues with residual confounding.?® Sometimes the adjustment or stratification
required to be assured of effects independent of smoking is not possible, as disease events will tend to
occur in smokers, leaving limited power to detect effects in never smokers, even in large studies.?®

A substantial proportion of e-cigarette users are current or ex-smokers, and dual current use of both e-
cigarettes and tobacco cigarettes is the most common pattern of exposure in Australia and much of the
world. The smoking behaviour of e-cigarette users and non-users differ in a complex way, including
according to smoking intensity, duration and recency, as well as other factors. Furthermore, smokers
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diagnosed with illnesses may take up e-cigarette use with the aim of reducing or quitting combustible
smoking (termed here “sick switching”).

As noted above, establishing safety requires studies able to detect and exclude risk increases from
exposure to e-cigarettes of the order of 20-30%. However, as also noted above, this magnitude of
variation in disease risk is much smaller than that observed with relatively minor variations in the number
of cigarettes per day, among smokers. This means that residual confounding with tobacco smoking could
overwhelm the ability to detect - and exclude - any direct effects of e-cigarettes. Hence, users of e-
cigarettes who are never smokers, and remain so without ever proceeding to combustible smoking, are
the most appropriate population to reliably quantify the health effects of e-cigarette use.3'

An additional potential source of bias relates to competing interests, particularly from tobacco and e-
cigarette company influence.3%®

4d. Effect modification/statistical interaction: Factors influencing disease risk will tend to have different
magnitudes of relative effect across subgroups which vary in their baseline risks of disease. For example,
the absolute rates of cardiovascular disease mortality vary by age. Blood pressure lowering treatments
reduce risk across all age groups and this effect varies with age, with greater relative risk reductions in
younger age groups and greater absolute risk reductions in older age groups. Current, past and never
smokers have very different baseline risks of disease. Even in the event that relatively risks could be
ascertained reliably in populations including smokers (see above), it is likely that the relative effect of e-
cigarettes would differ between them. The general solution for this situation is to stratify analyses,
meaning that the effects of e-cigarettes should be examined separately in current, past and never
smokers.

4e. Statistical power: Reliable quantification of the relationship of an exposure to an outcome requires
sufficient numbers of outcome events among those exposed and not exposed to the factor of interest,
taking account of issues relating to confounding and bias, to detect the required magnitude of effect. All
of the issues raised above have a bearing on statistical power. For exposures that are or may become
common, particularly in the general population, detection of moderate elevations in relative risk - of the
order of 20% - is important to establish safety.

Most of the disease outcomes of interest for e-cigarettes - such as cancer, cardiovascular disease and
chronic obstructive pulmonary disease - tend to occur at older ages. Some outcomes, such as mental
health issues and asthma also occur in younger populations. Use of e-cigarettes at older ages is chiefly
among current or ex-smokers; there is very little use among older people (e.g. those aged >40 years) who
have never smoked. Use among never smokers is more common at younger ages and, since smoking habits
are generally not considered to be established until people are in their mid-20s, use below this age is
generally not regarded as being for the purpose of smoking cessation.

A central issue for reliably establishing and quantifying the effect of e-cigarettes on disease outcomes
is the fact that at the age where the vast majority of disease events occur, use is almost exclusively in
smokers. This makes it very difficult to disentangle the effects of e-cigarettes from those of variations in
smoking behaviour (see above). At the age where use among never smokers is more common, disease
events - apart from those mentioned above - are generally rare. For example, in a major large-scale cohort
study of e-cigarettes and respiratory outcomes, 99.4% of e-cigarette users were current or ex-smokers.?®
The fact that a certain proportion of never smokers who initiate e-cigarette use ultimately start
combustible smoking further limits evidence about health outcomes attributable to prolonged use of e-
cigarettes.®™

Statistical power is also impacted by the other methodological issues including those mentioned above,
such as: the wide variety of different exposures represented by use of e-cigarettes; the relatively short
duration of population exposure to e-cigarettes; the need to account for confounding, bias and potential
effect modification; missing data; and measurement error. If effect modification is likely to be present,
statistical power is then determined by the numbers of events in the exposed and unexposed within the
population subgroups of interest - among other considerations.

Taking all of these methodological challenges into consideration, this review emphasises sufficiently-
powered evidence from randomised controlled trials, intervention studies, prospective studies and case-
control studies of the likely impacts of the cigarettes on clinical outcomes, where it is possible to separate
the likely effects of e-cigarette use from those of other factors such as differences in smoking behaviour.
This means including and emphasising evidence from people who have never been regular tobacco
smokers, as well as considering separately evidence from current, ex- and never smokers, where possible.
In addition, evidence on outcomes that are able to be directly attributed to e-cigarettes - such as
poisonings, burns and injuries - is reviewed in detail, including data from surveillance reports and case
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reports. The potential influence of competing interests is also considered, where possible and
appropriate.

2.4 Search strategy

2.4.1 Primary research article search
A systematic review was undertaken to examine the primary evidence on health outcomes associated
with e-cigarette use, published since the NASEM review.®

Six databases (PubMed, Scopus, Web of Science, PsycINFO (Ovid), MEDLINE (Ovid), and Cochrane) were
searched between July 2017 and July 2020. Searches were restricted to evidence published from July
2017 to July 2020, to capture evidence published since the NASEM review search dates commencing 1
February 2017, with continuing inclusion of studies up to 31 August 2017. Study authors were not
contacted as part of this review.

The systematic review protocol was published on PROSPERO (CRD42020200673). Further details on
search terms are located in Appendix 2.

2.4.2 Supplementary search for systematic reviews and meta-analyses

In addition to the systematic review of primary research, a search was undertaken to identify systematic
reviews/meta-analyses of relevant health outcomes using the same search terms and limits as the
primary evidence search. Papers were screened alongside the primary evidence. Systematic
reviews/meta-analyses identified in this search, along with the NASEM review,? the Irish Health Research
Board literature map,'® the Public Health England reviews,'? the CSIRO review,'* the SCHEER review*and
the USPSTF Evidence Synthesis'® were used to identify studies that were not identified in the systematic
review search.

Appendix 7 includes relevant literature published after the search date. Articles were identified non-
systematically and were not included in evidence synthesis.

2.5 Inclusion and exclusion criteria

This review includes published, peer-reviewed original research into the health outcomes of e-cigarette
use in humans. It focuses largely on nicotine e-cigarettes and, where possible, excludes e-cigarettes
delivering tetrahydrocannabinol (THC), which were considered out of scope by the Australian Department
of Health. No animal, in vitro or in vivo studies were included. Primary outcomes were clinical disease
endpoints, such as myocardial infarction, stroke and cancer. Studies with primary evidence that had
already been included in the NASEM review were excluded. The full inclusion and exclusion criteria can
be found in Appendix 3.

2.6 Data screening

Papers were imported into an EndNote library, exported to Covidence® and duplicates were removed.
Two authors of this review independently screened all titles and abstracts identified in the searches,
followed by full text screening. Only studies with abstracts published in English were screened. After
removing duplicates, titles, abstracts, and then full texts were screened for any studies fulfilling the
inclusion and exclusion criteria by two review authors. Discrepancies were resolved through consensus
or by a third review author. Forward and backward reference search was performed from the final
included articles and identified systematic reviews using ANU Library, Web of Science and Scopus.

2.7 Data extraction

One review author independently extracted data from the primary research articles using a pre-specified,
piloted data extraction Excel template. Extracted data was checked by a second review author.
Discrepancies were resolved through consensus or by third review author. Missing data within studies
was noted and reported in the results.

2.8 Quality assessment

The methodological quality (risk of bias) for each included study was independently assessed by two
review authors using the Joanna Briggs Institute’s (JBI) suite of critical appraisal tools.®® Disagreements
were resolved through consensus or by a third review author. Three studies were excluded based on their
quality assessment scores. A PRISMA diagram showing the number of articles at each stage of the
review, and reasons for exclusion is provided in Appendix 4.
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The quality of the body of evidence for health outcomes was evaluated using the GRADE approach,3
adopting the modification for the assessment of a public health intervention.® he body of evidence for
each health outcome was given a preliminary rating based on the main study designs, and then reduced
according to risk of bias, inconsistency, indirectness, imprecision and publication bias. The modification
allowed for ratings to be increased where studies met certain conditions.

Table 2.8-1 Factors that can increase or decrease the quality rating of evidence in GRADE

Effect Factor Conseqguence
Reduce Limitations in study design or execution (risk of bias) L 1or2levels
Inconsistency of results L 1or2levels
Indirectness of evidence L 1or2levels
Imprecision L Tor?2levels
Publication bias L Tor?2levels
Increase Large magnitude of effect 1 1or?2levels
All plausible confounding factors would reduce the 11 level
demonstrated effect or increase the effect if no effect
was observed
Dose-response gradient 1 1level

As this review aims to summarise the available high-quality, reliable evidence on the health outcomes of
e-cigarettes, it is important to consider whether authors of the studies under review hold any conflicts of
interest that could potentially bias their findings, or whether the research was funded by an organisation
with a financial interest in the outcomes, as such information on the source of research sponsorship or
external involvement was also extracted. Where authors or studies declared funding from the tobacco or
e-cigarette industry, the risk of bias was noted in the GRADE assessment.

See Figure 2.10-1 for an outline of the evidence evaluation process.

2.9 Data synthesis

The highest quality data was prioritised, depending on the health outcome, in the following order:
Randomised controlled trials (including randomised crossover trials)

Prospective cohort studies

Case-control studies

Non-randomised intervention studies (with comparison group or compared to baseline).

For health outcomes where epidemiological studies were not available or were not relevant, and where
these types of evidence were likely to be informative, other forms of evidence, listed below, were
considered:
e Cross-sectional surveys
e Casereports and case series (particularly for exposure-dependent health outcomes, for example,
burns and injuries)
e Evidence from surveillance systems (usually in grey literature/reports).

There were no restrictions in the effect measures reported and they were presented in the findings as
reported in the original study. The plan for data synthesis included the potential for meta-analyses where
more than one study presenting data on the same e-cigarette exposure parameter and outcome were
available and capable of being summarised statistically. Statistical tests for heterogeneity, applying
methods such as I? tests, would be applied to studies included in the meta-analysis.

Study characteristics and main findings were summarised in narrative synthesis for each health outcome
from prior national and international reviews and from the top-up review, with top-up review studies
tabulated. Findings from the previous reviews and the top-up review were then integrated to summarise
the evidence and draw conclusions regarding the likely health effects of e-cigarettes. The methods for
each study, including study design, exposure and outcome measures, were described, along with
narrative consideration of clinical and methodological heterogeneity. See Figure 2.10-1 for an outline of
the evidence evaluation process, including the framework for forming conclusions based on the evidence.

2.10 Engagement with experts and stakeholders

This review was conducted in response to the needs of the Australian Department of Health, the National
Health and Medical Research Council of Australia (NHMRC) and other stakeholders. It was informed by
their requirements, with regular consultation with the NHMRC Electronic Cigarettes Working Group and
was subject to independent methodological review, in keeping with NHMRC practices.3®
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Figure 2.10-1 Tools and methods for evaluating the evidence

Assessing the evidence

Individual studies Synthesised evidence

Elements appraised vary by study design and Initial certainty rated based on study design:

include the following:

+ Clear temporal relationship of variables
+ Representativeness

+ Comparator

+ Group allocation

High (randomised controlled/crossover trial)
Moderate (case-control, cohort, NR intervention)

Low (case report/series, surveillance report) Rating Supportive Opposing Type of studies
findings findings

Certainty rated down due to:

. Selection criteria Assessing Example Conclusive  Many None Good-quality controlled
- ‘Blinding Risk of bias Methodological ~ Low JBI ratings, Substantial ~ Several Fewornone Good-quality observational
. Measurement of exposure/condition limitations conflicts of interest, Controlled trials
- Management of confounding factors small N studies Moderate Several Few or none Fair-quality studies
Inconsistency Effect across Contradicting o : - -
+ Assessment of outcomes SHidibg OULCDITIOS Limited Few None Fair-quality studies
* Clinical detail Indirectness Addressing the  Lack of evidence on Most Some Any
+ Exposure/follow-up period research question primary outcomes Insufficient Few Some Any
+ Management of and accounting for follow-up Imprecision  Number of events Small number of One NA
- Statistical analysis small studies - i
. Trial design Publication  Evidence of bias  Only small positive No available None NA
bias studies

Notes: Joanna Briggs Institute’s (JBI) critical appraisal checklists assessed methodological quality for individual studies identified in the top-up review only.
GRADE and the NASEM framework were applied to synthesised evidence from all sources (top-up, NASEM review and other).
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3 E-cigarette characteristics, use and constituents

3.1 E-cigarette devices and e-liquids

E-cigarettes are battery powered rechargeable or disposable devices that heat an “e-liquid” to produce
an aerosol, which is inhaled by the user. E-cigarette devices and e-liquids are extremely diverse, with
hundreds of thousands of products registered worldwide.*

3.1.1 E-liquids

E-liguids consist of water and the organic solvents propylene glycol and glycerine. They commonly
include nicotine in either freebase or salt form.*3” Flavours are often added. Propylene glycol and
vegetable glycerine are humectants which produce aerosols that simulate tobacco smoke.?” Additional
details regarding e-liquid and aerosol chemical constituents are in Section 3.3 below.

3.1.2 Devices

E-cigarette devices comprise a mouthpiece, a tank or a cartridge for e-liquid, a battery, sensors and an
atomiser (Figure 3.1-1).43” While some, particularly earlier products, resemble conventional tobacco
products such as cigarettes and pipes, most do not, with the diversity of products including those
resembling USB memory sticks, pens, cylinders and boxes.3®

Figure 3.1-1 Features of e-cigarettes (from US Department of Health and Human Services, Centers for Disease
Control and Prevention, E-cigarette, or vaping, products visual dictionary)3”

THE E-CIGARETTE

Mod Box

It is a 3rd generation
device that is
modifiable ("Mod™)
allowing users to
change the voltage,
coils and wicks.

THE CARTRIDGE

This holds the e-liguid
(substance). It comes
prefilled or refillable. It is
usually combined with an
— atomizer as one unit.

'\

Sub-Ohm Tank

It is made of plastic
or metal with
transparent casing
50 ligquid levels can
be seen. It contains a
lower resistance coil
that allows the liquid
to heat up faster.

( THE ATOMIZER

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

(o | (L ==

@

e THE SENSORS

E-cigarettes without a
power button will turn
on when the user inhales
through it. E-cigarettes
with or without a power
button require sensors to
turn on.

Cartridge

It is made of plastic
or metal with
transparent casing
so liquid levels can
be seen. It contains
an atomizer that
heats up the e-liquid.

op []

*-—THE BATTERY

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

E-Liquid

E-liquid is contained
in a pod, cartridge
or tank. It is made
up of a mixture of
substances that
includes nicotine,
cannabis, and/or
flavoring.

B =
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“Open” system e-cigarette devices are manually filled with e-liquid, while “closed” devices use cartridges
or “pods” that are ready-filled with e-liquid that then attach to the rest of the device, or are prefilled, fully
disposable devices.* Where e-liquids are added to the device by the user, they can be available either as
“ready to vape” - with the liquid components already combined - or are mixed by the user. Such mixing
can include the dilution of high-concentration liquid nicotine, requiring relatively complex calculations
and processes.® In general, freebase nicotine e-liquid is used in open devices, although those using
prefilled cartridges are available. Nicotine salts are more commonly used in closed pod or disposable
devices.

The types of e-cigarettes available have changed over time, and there have also been developments
within each type (Figure 3.1-2). Currently, the following main types are recognised:

Cigalikes (first generation):

First generation e-cigarettes are designed to mimic the visual appearance and the smoking experience
of combustible tobacco cigarettes. They are commonly referred to as “cigalikes” and come with fixed and
low voltage batteries. They provide the least control over heating and other variables of the e-cigarette
types, and have lower efficiency of nicotine delivery.* These devices are made of plastic or metal and
consist of a battery, a reservoir that contains e-liquid with or without nicotine, and an atomiser (known as
a heating element) that connects to the battery and converts the solution into an aerosol.3” They are
available as disposable or refillable devices.

Vape pens (second generation):
Second generation e-cigarettes include products that resemble pens and have larger variable voltage

batteries compared to the previous generation of e-cigarettes.* They usually contain a prefilled or
refillable cartridge which is referred to as a clearomiser.® The clearomisers are transparent and have a
removable atomising unit that is attached to the fluid reservoir and the battery. Fluid reservoirs can be
prefilled or refilled with any fluids that may include nicotine, cannabis (THC, cannabidiol), flavouring,
solvents, or other substances.®” These e-cigarette devices often come with a manual button which allows
users to regulate the length and frequency of puffs.*°

Tanks or mods (third generation):
Third generation e-cigarettes bear little to no resemblance to combustible cigarettes and come in many

different sizes and shapes (such as square, rectangular or cylindrical). They are refillable and include a
tank which holds larger amounts of liquid than earlier models®3” and users may modify or build their own
devices from device components.® Most allow control over both voltage and wattage - and therefore the
temperature of the heating coil of the device - allowing greater control of the dose received and other
aspects of the user experience, and can be used at much higher power levels than earlier devices.* Some
include tanks with low resistance heating coils (also known as a “sub-ohm tank”), designed to create large
clouds of aerosol and deliver high doses of the e-liquid constituents (e.g. nicotine) for a given e-liquid
concentration.¥”

Pods, pod mods and disposables (fourth generation):

These are small prefilled or refillable “pod” or pod cartridge systems that come in many shapes, sizes and
colours. They often resemble USB drives. They can be single-use fully disposable devices or devices
where a pod cartridge is replaced when it is empty.®” They almost exclusively contain high concentration
nicotine salt e-liquid.*
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Figure 3.1-2 Major e-cigarette types (from US Department of Health and Human Services, Centers for Disease Control
and Prevention, E-cigarette, or vaping, products visual dictionary)®”

] St Disposable

e-cigarettes
GENERATION

ﬂ d E-cigarettes
with prefilled
or refillable
GENERATION | cartridge

rd Tanks or Mods
(refillable)

GENERATION

th Pod Mods
(prefilled or
refillable)
GENERATION

3.2 Nicotine delivery
On average, a smoker receives a dose of 0.5-1.5mg of nicotine per combustible cigarette.*-*® Registered
nicotine replacement therapies (NRTs) with demonstrated efficacy as aids to smoking cessation - such
as nicotine patches and gums - deliver a bioavailable nicotine dose of around 0.3 to Tmg/hour.** This often
achieves nicotine concentrations in the range of those experienced by smokers but with a slower onset
and offset. The potentially lethal dose of nicotine is 5mg/kg.*® The dose of nicotine received by users of
e-cigarettes varies widely and is influenced by a range of factors including:
e The nicotine concentration in the e-liquid.
e The type of e-cigarette device used. More recently developed products generally deliver high
doses.*647 “Cigalikes” and “vape pens” tend to deliver lower doses while tank devices, particularly
those with highly powered heating coils, generally deliver higher doses. Nicotine salt pod and
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disposable products use high nicotine concentrations (e.g. many are at concentrations of 5% or
59mg/mL) and deliver high doses.*
e User behaviour, including depth of inhalation and number of puffs.

While published evidence is limited, it is clear that the dose of nicotine delivered by e-cigarettes is highly
variable. Recent data indicate greater variation in nicotine dose according to device than e-liquid
concentration.*® The main evidence reviewed in the US NASEM review?® is from a paper published in 2013
which found a total level of nicotine in e-cigarette aerosol of 0.5-15.4mg from 15 puffs of 1.6-19mg
cartridges,*® while a 2016 publication found an average dose of 1.3mg with 15 puffs from e-cigarettes with
measured nicotine concentrations of 5.0-15.3ug/mg*® (nicotine concentrations on product labels 6-
24mg/mL). The European Tobacco Products Directive®® limits nicotine concentration in e-cigarettes to a
maximum of 20mg/mL, with the rationale that this allows delivery of nicotine at a concentration
comparable to the permitted dose of nicotine from a standard cigarette during the time taken to smoke
a cigarette.%

Nicotine doses higher than conventional cigarettes have been reported, particularly for high
concentration e-cigarette e-liquid and pod devices. For example, the level of nicotine exposure - as
measured by urinary cotinine - in 38 adolescents attending a US children’s hospital outpatient clinic using
high concentration nicotine pod-based e-cigarettes (21.8-56.2mg/mL) was substantively higher (245ug/L)
than levels detected in adolescent regular cigarette smokers (155ug/mL).5253 Under controlled conditions,
with the same device and 10 puffs, average increases in plasma concentrations of nicotine with inhalation
of 36mg/mL freebase nicotine e-liquid exceeded those of conventional cigarettes, among experienced e-
cigarette users.>*

Nicotine concentration is often inaccurate on product labels and it has been suggested by recent data
that there is greater variation in nicotine dose according to the device used rather than the e-liquid
concentration.34 Large reductions in craving and other withdrawal-related symptoms have been
observed with use of nicotine e-cigarettes, with the majority of data relating to nicotine concentrations
<20mg/mL.47%5% Commercial information targeting e-cigarette consumers®”-% refers to freebase nicotine
e-liquids with concentrations at or below 18mg/mL, none recommend use above this concentration, and
many note the need to dilute products above this concentration.®® The most common nicotine strengths
available on the market for freebase liquid nicotine are: Omg, 3mg, 6mg and 12mg,%” with 12mg/mL
generally reserved for heavy smokers. Such information generally recommends e-liquids for vape pens
and less powerful devices with nicotine concentration for smoking cessation for light to moderate
smokers of 3 - <12mg/mL and 12-18mg/mL for heavy smokers. Highly powered devices®”®' require much
lower nicotine concentrations than lower powered devices to achieve the same delivered dose of
nicotine®, and users of high powered devices are advised to avoid concentrations >12mg/mL.57¢'

Nicotine salt products allow the delivery of high concentrations of nicotine with less throat irritation than
freebase forms of liquid nicotine and deliver nicotine rapidly.* These newer products are available in very
high concentrations and there is concern that innovations in e-cigarette liquid formulations are leading
to a “nicotine arms race”.® Nicotine salt products in the US were introduced in “pods” - which are small
and easy to conceal - the most popular with a starting nicotine concentration of 59mg/mL (5% nicotine).
They are one of the most common products used by children and adolescents,* including in the US and
Canada, and evidence indicates that they enhance delivery of high doses of nicotine and have greater
dependence potential than other products.®?

3.3 Nicotine and non-nicotine constituents and toxicology
Use of e-cigarettes results in inhalation of a complex and highly variable array of chemicals,* which can
be broadly categorised as:

(i) Originating from e-liquids: nicotine, solvent carriers (propylene glycol, ethylene glycol and
glycerol), tobacco-specific nitrosamines, volatile organic compounds (including include toluene,
phenols, xylenes, ethyl acetate, ethanol, methanol, pyridine, acetylpyrazine, 2,3,5-
trimethylpyrazine, octamethylcyclo-tetrasiloxane, benzene, ethylbenzene, styrene),® phenolic
compounds, flavourings as well as tobacco alkaloids.

(ii) Formed by chemical reactions in the heating element: aldehydes (predominantly acetaldehyde
and formaldehyde, with others detected such as acrolein (propenal), propionaldehyde (propanal),
(methyl)benzaldehyde and isobutyraldehyde), free radicals and reactive oxygen species and
furans.*

(iii) Originating from the device: metals, with the following having been reported in aerosols:
aluminium, antimony, arsenic, boron, cadmium, chromium, copper, iron, lanthanum, lead, nickel,
potassium, silver, tin, titanium, zinc.®
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The levels of the chemicals received by the user vary greatly, according to the e-liquid contents, puffing
rate, type of device, and the battery voltage or heating power.3#

Nicotine is a parasympathomimetic drug that binds to nicotinic acetylcholine receptors in the central
nervous system, resulting in the release of major neurotransmitters. It also binds to nicotinic acetylcholine
receptors in other parts of the body comprising parts of the parasympathetic nervous system. It has both
stimulatory and relaxant properties. Tobacco smoking is known to harm virtually every organ in the body®?
and nicotine is considered a potential contributor to many of these effects. Evidence on the effects of
nicotine on many outcomes is mostly derived from smoker populations and the presence of other
constituents in tobacco cigarette smoke make the discrimination of the role of individual potential
causative agents difficult.

Nicotine is one of the most addictive substances known to humanity.®® It is the primary agent responsible
for addiction in tobacco.*® The risk of nicotine addiction increases with the rate of delivery, the rate of
absorption and the blood concentration of nicotine attained.?

Acute nicotine toxicity is a well-recognised effect of nicotine exposure and is dependent on dose, dose
duration and frequency, route of exposure, formulation of the nicotine product, and interpersonal
variability.®? Widespread nicotinic acetylcholine receptors in the body means that their activation leads
to a broad range of physiological effects. Mild acute toxicity symptoms can include nausea and vomiting.
Greater exposure can lead to cholinergic syndrome, which includes diarrhoea, increased salivation,
increased respiratory secretions, and bradycardia. Severe poisonings can progress further to seizures and
respiratory depression, which can be fatal.®> Repeated exposure leads relatively rapidly to tolerance,
making smokers much less prone to toxicity than people who are not habitually exposed, such as
children.®?

The current evidence indicates that nicotine increases heart rate, blood pressure, myocardial contractility
and vascular resistance, and reduces insulin sensitivity, which are likely to contribute to elevated
cardiovascular risk in smokers.3%2 Furthermore, evidence suggests nicotine also adversely affects
myocardial remodelling, arrhythmogenesis, thrombogenesis, endothelial functioning, and angiogenesis.®

The foetus undergoes rapid and extensive development while in utero. During this critical phase of human
development, a foetus is vulnerable to compounds that cross the maternal placenta barrier, such as
nicotine.® Nicotine, via exposure from passive or active smoker mothers, crosses both the placental barrier
and the blood brain barrier and can be found at concentrations 15% higher than in non-exposed mothers
depending on dose and time of exposure.®* In utero exposure to nicotine is associated with foetal growth
restriction, preterm delivery and stillbirth.6? Evidence also indicates in utero nicotine exposure negatively
effects foetal lung structure and functions.3%2 Maternal smoking during pregnancy, including exposure
to nicotine, has been linked to sudden infant death syndrome (SIDS),%® cognitive, attentional and auditory
processing deficits,%-° disruptive behaviours’®”" and smoking initiation in offspring.27273

Another critical period of brain development occurs during adolescence during which the brain undergoes
major reorganisation of neurochemical systems and structure and leads to a window of vulnerability.”*"®
Exposure to nicotine at these critical developmental stages has been shown to adversely affect the
structure and function of the brain. Smoking during adolescence can impact brain development and is
associated with comorbid substance abuse and addiction,”® impairments in memory,®®’” anxiety
disorders,’®7° depression and disruptive disorders,®8 which may persist long term.5282-84 Many of these
effects have been attributed to nicotine.828® Adolescence is a life stage when many risk-related
behaviours are defined and commence.?® A significant concern of nicotine exposure during this life stage
is the implications for long-term nicotine and tobacco dependence. Evidence from both human studies
and animal models indicate an age-dependent susceptibility to nicotine, with greater susceptibility from
exposure at younger ages.? Patterns of addiction to tobacco smoking, primarily driven by addiction to
nicotine, demonstrate that smokers almost always commence during childhood, when aged less than 18,
and smoking and addiction then persist into adult life.®? This is supported by animal data: in adolescent
rats, nicotine enhances neuronal activity in several reward-related brain regions leading to the
strengthening of the behavioural reward responses to nicotinic stimuli.®”®® This effect occurs more
robustly in adolescent than adult rats and persists even at low doses.®*®® The US Surgeon General
concludes that “given the existing evidence from human and animal studies of the detrimental impact of
nicotine exposure on adolescent brain development, the use of e-cigarettes by youth should be avoided and
actively discouraged”.?

As noted above, the non-nicotine constituents of e-cigarettes include solvents - water, propylene glycol
and vegetable glycerine - and flavourings, as well as multiple other chemicals. There are many thousands
of e-liquids on the market and over 15,000 flavours were identified for sale online in 2017.4%
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The main substances in e-cigarettes aerosol that raise health concern are metals (such as chromium,
nickel, and lead), carbonyls (such as formaldehyde, acetaldehyde, acrolein and glyoxal), and particulate
matter and some flavourings. Exposure to some metals may cause serious health effects, including
diseases of the nervous, cardiovascular and respiratory systems.*? Carbonyl compounds are potentially
hazardous to users. Formaldehyde is a human carcinogen, acetaldehyde is possibly carcinogenic to
humans, acrolein is a strong irritant of the respiratory system and glyoxal shows mutagenicity.

Under typical conditions of use, the number and concentrations of potentially toxic substances emitted
from unadulterated e-cigarettes are lower than in tobacco smoke, except for some metals, which may be
found in higher levels in e-cigarette aerosol than tobacco smoke.®?

In the 2019 National Industrial Chemicals Notification and Assessment Scheme (NICNAS) report,®® 243
unigue chemicals found from e-liquid ingredients or from e-cigarette emissions were identified from the
published scientific evidence, the majority of which (235) were flavourings. There were 156 chemicals
identified in e-liquids only, 19 in emissions only and 60 in both e-liquids and emissions. All e-liquids were
found to contain glycerol, propylene glycol or a mixture of both as solvents. Flavouring compounds were
found at high concentrations (1% or more).® The US Food and Drug Administration considers some
flavourings identified as ‘Generally Recognised as Safe’ for use as food additives only, however, this does
not extend to the inhalation of the flavours. Thirty-eight chemicals from the published evidence are listed
as poisons on the Australian Poisons standard. One chemical identified is not permitted in e-cigarette
liquids, and three chemicals exceeded cut-off levels for the relevant standard.®®

In addition to the chemicals identified from e-liquids and emissions, 27 chemical reaction products, most
commonly carbonyl compounds, were identified. Carbonyls such as acetaldehyde, acetone, acrolein and
formaldehyde are associated with adverse health outcomes in humans.®®

3.4 Regulation of e-cigarettes

There is wide variation in the regulation of nicotine and non-nicotine e-cigarettes internationally. In their
recent report, the World Health Organization (WHO) notes that 111 countries worldwide have adopted
some measure to regulate nicotine e-cigarettes.®® These regulations including those relating to product
classification, sale, minimum age restrictions, nicotine concentration, flavours, use in public places,
advertising and promotion and packaging.

Sale: The sale of all types of e-cigarettes is banned in 30 countries (Argentina, Brazil, Brunei Darussalam,
Cambodia, Colombia, Egypt, Gambia, India, Iran, Kuwait, Lao People's Democratic Republic, Lebanon,
Mauritius, Mexico, Nepal, Nicaragua, Oman, Panama, Qatar, Seychelles, Singapore, Sri Lanka, Suriname,
Syrian Arab Republic, Thailand, Timor-Leste, Turkey, Turkmenistan, Uganda, and Uruguay).” Jamaica,
Japan and Switzerland ban the sale of nicotine e-cigarettes but not non-nicotine cigarettes.” A further 79
countries, including Australia, fully or partially regulate e-cigarettes while allowing them to be sold. The
remaining 84 countries do not regulate e-cigarettes at all.38

Australia is uniqgue in permitting use of nicotine e-cigarettes only on prescription from a registered
medical practitioner for the purpose of smoking cessation. Consumers with a prescription can purchase
these products legally from an Australian pharmacy or import a limited quantity for personal use. It is
illegal for local retailers other than pharmacies to sell nicotine e-cigarettes.®* Non-nicotine e-cigarettes
can be sold in all Australian states and territories, with the exception of Western Australia.®® The
importation of e-cigarettes that do not contain nicotine is unrestricted in Australia.®®

Age restrictions: Sixty-nine countries have minimum age restrictions on the sale of nicotine e-cigarettes.
The mandated minimum age varies from 18 years, 19 years to 21 years of age.®® In Australia, the sale of e-
cigarettes to children and young people is prohibited across all states and territories, predominantly to
those under 18 years of age.

E-liquid product regulation: Overall, 36 countries, including Australia, regulate the concentration and
volume of nicotine in e-cigarettes.” Thirty-four of these countries - including Canada, Israel, Saudi Arabia,
England, Scotland, Wales, Northern Ireland and countries in the European Union (EU) - stipulate an upper
limit of 20mg/mL nicotine concentration in e-liquids and Iceland stipulates an upper limit of 20mg/mL for
use in consumer products with higher concentrations regulated as medicinal products. EU regulations
limit e-cigarette refill containers sizes to 10mL and device tank and cartridge sizes to 2mL.%® The quality
of e-liquids, nicotine and other ingredients, require compliance with safety and quality regulations in 33
countries. Australia has an upper limit of 100mg/mL on nicotine concentration in e-liquids.®” There is no
limit on the volume of e-liquid that can be prescribed in Australia, although personal importation is limited
to three months’ supply at a time.®”

Electronic cigarettes and health outcomes: systematic review of global evidence 14



Flavours: Three countries - Finland, Hungary and Montenegro - have adopted a ban on all flavours other
than tobacco in nicotine e-cigarettes and selected flavours are banned in six other countries.®® In
Australia, flavours for nicotine e-cigarettes are prohibited if they contain an ingredient that is considered
to be a significant health risk.®® There is currently no regulation around flavours for non-nicotine e-
cigarettes.

Use in public places: In addition to the countries that ban sale of nicotine e-cigarettes, their use in public
places, workplaces and public transport is banned or restricted in 30 countries. Forty-five countries have
implemented partial bans on their use in these places.®® In Australia, the use of nicotine and non-nicotine
e-cigarettes is banned in smoke-free places (places where a traditional tobacco smoking is banned) in
most states and territories. All states and territories prohibit the use of e-cigarettes in vehicles when a
child is present.”

Marketing: There are a number of avenues through which e-cigarettes are promoted, offering widespread
reach. These include newspapers and magazines, retail stores, e-cigarette vaping conventions, online
advertising, banner and video advertisements, through social media platforms with the use of celebrities
and influencers to promote products, through product placement in films, television shows and music
videos, through giveaways, promotions and discounts, and marketing at the point of sale.®®

Advertising, promotion and sponsorship of nicotine e-cigarettes is banned in 22 countries.®® Partial
regulations have been adopted by 53 countries.®® Specific regulations vary from country to country, with
approaches including minimising misleading advertising, banning distinctive branding elements on
packaging, focusing on regulating aspects that appeal to young people such as flavours and the use of
cartoon images on packaging.® In Australia, restrictions around the advertising and promotion of e-
cigarettes vary for each state and territory.

Packaging: Child safety packaging regulations for e-cigarettes are in place in 32 countries and 40
countries require health warnings to be displayed on e-cigarette packaging. Israel is the only country that
mandates plain packaging for all e-liquids.” Graphic health warnings on packaging of nicotine e-
cigarettes are mandated in eight countries. Partial regulations are in place for forty-five countries.3®

Measures around packaging and labelling practices and design and safety features introduced by a
number of jurisdictions, including Canada, the European Union, the United Kingdom and the United States
include:

e Safety mechanisms (such as childproof fastening and opening) for e-liquid containers, cartridges

and tanks;

e Health warnings on packaging such as information on addictiveness and toxicity;
Inclusion of consumer information such as instructions for use, storage, and advice to keep out of
reach of children;
A full list of ingredients, including information on nicotine content;
Inclusion of a prescribed warning statement regarding the presence of nicotine;
Information on emissions, health hazards and health effects; and
Advice on overdose management.%

Requirements around packaging and labelling for nicotine e-cigarettes supplied in Australia include an
ingredient list, nicotine concentration (mg/mL), warning statements and child-resistant packaging.®®
These do not apply to products sourced through personal importation. Australia currently has no
regulations regarding packaging for non-nicotine e-cigarettes.

3.5 E-cigarette use

E-cigarette use is changing rapidly and varies substantively according to a range of factors, including
age. Reliably ascertaining the prevalence of use of e-cigarettes requires high-quality representative
population surveys of sufficient size and frequency to quantify contemporary use according to age.
Although monitoring of tobacco smoking and use of related products is a cornerstone of the WHO
Framework Convention on Tobacco Control, many countries do not have suitable data relevant to e-
cigarettes.®®

3.5.1 International prevalences and trends

The available data indicate that the prevalence of use of e-cigarettes varies markedly between countries
internationally and has increased substantially in many countries over the past decade, with use being
more common among young people and smokers.*

According to the WHO, the US and Europe are the two main world markets for e-cigarettes.®> From 2020
Eurobarometer data, an average of 14% of respondents from European member states reported having
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ever used e-cigarettes.*'® More than 20% of respondents reported ever having used e-cigarettes in
Ireland (29%), Estonia (25%), France and the United Kingdom (both 22%), Luxembourg and Latvia (both
21%) and Belgium (20%); less than 10% reported such use in Poland (6%), Malta, Portugal and Romania
(all 7%) and Hungary (9%). Overall, 2% reported current use.'®® Use was more common among males than
females and the younger the respondents, the more likely they were to be users, with around a quarter of
respondents aged 15-24 reporting ever having used e-cigarettes compared with 8% of those aged 55 and
over.

In the 2019 US National Health Interview Survey, ever-use of e-cigarettes amongst adults was reported
to be 14.9%, an increase from 12.6% in 2014.1°"1°2 Current use of e-cigarettes, as defined by use “every day”
or “some days”, was 4.5% in adults in 2019.'°2 This was an increase from 3.7% in 2014. Use was more
common in young people with 9.3% of people aged 18-24 reporting current use in 2019 and was also more
common in males than females.'®® Among current e-cigarette users, 36.9% were current cigarette
smokers, 39.5% were ex-smokers, and 23.6% had never smoked."®> From the New Zealand Health Survey,
ever-use of e-cigarettes was 23.9% amongst individuals 18 and over in 2019/2020, which was an increase
from 16.2% in 2015/2016.'° The proportion of individuals that reported current use in the past 30 days was
5.2% in 2019/2020 which also represented a significant increase from 1.4% in 2015/2016.1°%

The most recent systematic review and meta-analysis of e-cigarette use in young people internationally
found that, on average, 17% of youth aged 8-19 surveyed across 51 countries in 2016-2019 had ever used
nicotine or non-nicotine e-cigarettes.'® Use varied more than 10-fold from country to country, ranging
from estimates of <10% ever-use in Australia, Cambodia, Denmark, Ghana, Hong Kong, Japan, Kosovo,
Laos, Mexico, Panama, Samoa, Tunisia, Vanuatu and Wales to >20% in most high income countries,
including 34% in Canada, 37% in New Zealand, 43% in Poland, 42% in the US and 52% in France.*
Prevalence estimates for use among children and adolescents aged 11-20 within the last 30 days ranged
from 1% for Hong Kong, Japan, and Mexico, to 20% in Canada, 23% in the US, 25% in Poland and 33% for
Guam, with an average of 8%."°* In general, use was more common in males than females.

In 2018, the US Surgeon General declared youth use of e-cigarettes to be an “epidemic” and identified
high concentration nicotine salt products as a key driver (Figure 3.5-1).”° Health Canada noted a doubling
in current/recent e-cigarette use among schools student from 2016/17 to 2018/19, to around 20% of 12-17
year-olds, with high concentration nicotine salt products introduced around 2018 and capturing 62% of
the market share in 2019.'°4197 This evidence was a key justification for the July 2021 reduction in the
maximum nicotine concentration in e-cigarettes to 20mg/mL in Canada.

Figure 3.5-1 Current e-cigarette use (past 30 days) among high school students in the US (from WHO report on the
global tobacco epidemic, 2021)#
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3.5.2 Prevalence and trends in use in Australia

The most recent national data on e-cigarette use in Australia are from 2019 and indicate that use is
increasing rapidly, is most common among young people and, although use is more common in smokers,
it is generally not for the purpose of smoking cessation.'®® Over half of all current use is in combination
with tobacco smoking (i.e. dual use) and 16% is in people who have never smoked.'%®

Lifetime and current use of e-cigarettes in the general population

Data from the 2019 National Drug Strategy Household Survey (NDSHS) indicate that an estimated 11.3%
of people aged 14 and over in Australia (approximately 2.4 million people) reported ever having used e-
cigarettes, up from 8.8% in 2016 and 4.5% in 2013.'%¢ In 2019, around 60% of ever-users reported having
tried them once or twice only. Among adults, ever-use was greater in younger age groups, such that 26.1%
of people aged 18-24 and 4.3% of those aged 60-69 reported ever-use of e-cigarettes in 2019'° (Figure
3.5-2). It was also more common in males than females, particularly in younger people, with 2019 NDSHS
data provided by the Australian Institute of Health and Welfare (AIHW) to the review team showing that
26.8% of males aged 15-24 had ever used e-cigarettes compared to 17.2% of females.'®®

Figure 3.5-2 Proportion of the Australian population reporting that they have ever used e-cigarettes, by age, 2016
and 2019 and corresponding estimated population in 20191%°
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Overall, 1.1% of people aged 14 and older in Australia (approximately 230,000 people) reported daily e-
cigarette use and 2.0% (approximately 418,000 people) reported current at least monthly e-cigarette use
in 2019.'% These represent statistically significant approximate doublings in use from 0.5% daily use and
1.2% current use in 2016. Current use was more common in younger age groups, with 5.3% of 18-24 year-
olds reporting current daily, weekly or less than weekly use'® (Figure 3.5-3). The prevalence of current
use was also more common in males than females, particularly in younger people, with 2019 NDSHS data
provided by the AIHW indicating that 6.3% of males aged 15-24 reported current daily, weekly or less
than weekly use of e-cigarettes compared to 2.4% of females.’®®
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Figure 3.5-3 Proportion of the Australian population reporting that they were current daily, weekly or less than
weekly users of e-cigarettes, by age, 2016 and 2019 and corresponding estimated population in 2019'°
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Use of e-cigarettes among people aged under 18 years

From the 2017 Australian Secondary Students’ Alcohol and Drug Survey results, around 14% of 12-17-
year-old students indicated they had ever used e-cigarettes at least once, and among these ever-users,
32% had used e-cigarettes in the past month, indicating that about 4.5% of all 12-17 year old students
were current (at least monthly) users."® Although these findings are from some time ago, self-reported
data on use for individuals aged under 18 are more reliable than those reported in the NDSHS, which were
largely based on reporting by children under 18 with a parent or caregiver present or were based on
parental reports of their e-cigarette use; this method has been shown to substantively underestimate
use.!

Among students aged 12-17, ever-use increased with age (4% of 12 year-olds, up to 21% of 17 year-olds)
and male students were more likely to have ever used e-cigarettes than female students. Of the students
who had ever used an e-cigarette (n=2,403), 48% reported that they had never smoked a tobacco
cigarette before using e-cigarettes.®

Use of e-cigarettes according to smoking status

In 2019, data from the Australian NDSHS show that among people who had ever used e-cigarettes, 42.7%
were current smokers at initiation of e-cigarette use, 26.2% were occasional or social smokers, 7.9% were
ex-smokers and 23.2% had never smoked.'°® The proportion of e-cigarette users who were never smokers
varied markedly with age, with 64.5% of those aged 14-17 being never smokers at initiation.'°®

From the same 2019 survey, among people aged 14 and over reporting current use of e-cigarettes (i.e.,
those reporting daily, weekly or at least monthly use of e-cigarettes): 53.0% reported being current
smokers (daily, weekly or less than weekly)(approximately 222,000 people); 31.5% reported being ex-
smokers (132,000) and 15.5% reported never having smoked (65,000).'°8

The percentage of current smokers in Australia aged 14 years and over who had ever used an e-cigarette
was 38.7% in 2019, having increased significantly from 18.8% in 2013 to 31.0% in 2016."°® Among non-
smokers, 6.9% reported ever-use of e-cigarettes in 2019, compared to 1.8% and 4.9% in 2016."°¢ The
percentage of current smokers in Australia aged 14 years and over who were current daily, weekly or less
than weekly users of e-cigarettes increased significantly between 2016 (4.4%) and 2019 (9.7%); and
among non-smokers between 2016 (0.6%) and 2019 (1.4%).1%8

An estimated 3.2% of current (daily, weekly or less than weekly) smokers were daily e-cigarette users in
2019 and 7.8% of current smokers used e-cigarettes at least monthly.'°® This translates into 0.45% of the
Australian population aged 14 and over (approximately 94,000 people) being dual daily e-cigarette users
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and current smokers and 1.1% being dual at least monthly e-cigarette users and current smokers
(approximately 226,000 people).'®®

In 2019, 0.2% of never smokers aged 14 and over reported current daily use of e-cigarettes (approximately
26,000 people) and 0.5% reported at least monthly use (approximately 66,000 people).’® At age 15-24,
around half of all current e-cigarette use was in non-smokers.'%®

Reasons for use

The reported reasons for using e-cigarettes varies according to smoking status. Among never smokers at
initiation of e-cigarette use, using data from the 2019 NDSHS, the commonest reasons given were: out of
curiosity (85.4%); | think they are less harmful than regular cigarettes (9.5%); | think they taste better
than regular cigarettes (7.4%); and they seem more acceptable than regular cigarettes (5.8%).'°8

Among current smokers at e-cigarette initiation, the reasons reported for use were: out of curiosity
(43.7%); to help me quit smoking (43.7%); to cut down on the number of cigarettes smoked (31.9%); | think
they are less harmful than regular cigarettes (27.3%); they are cheaper than regular cigarettes (23.7%);
to try to stop me going back to smoking regular cigarettes (23.3%); | think they taste better than regular
cigarettes (18.5%); they seem more acceptable than regular cigarettes (11.8%); and you can use them in
places where regular cigarettes are banned (8.9%)."°8 For this measure, respondents could select more
than one response.

While current smokers who also use e-cigarettes include some who are attempting to quit, the substantial
proportions of e-cigarette users who continue to smoke, including in randomised controlled trials (see
Section 4), and who report reasons for use other than quitting, indicates ongoing dual use is a significant
issue. Data on duration of e-cigarette use is required for clarification.
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4  Systematic and umbrella review findings

4.1 Search outcomes and study characteristics

The systematic umbrella and top-up review identified a total of 18,992 potentially eligible studies; 12,434
duplicates were removed and 6,558 underwent title and abstract screening. There were 227 studies
identified in the systematic literature database search, 10 from forward and backward searching and one
from grey literature consistent with the inclusion criteria on health outcomes associated with e-cigarette
use. Of these 238 studies, 152 were included in the evidence synthesis and 86 were excluded from
evidence synthesis as they were rated as not providing evidence suitable for assessing the causal relation
between e-cigarette use and the outcome specified. In addition to the 152 studies, 37 studies from the
two previous reviews on smoking uptake and cessation were included in evidence synthesis. Therefore, a
total of 189 studies were included in evidence synthesis. No ongoing studies were identified. No meta-
analyses were conducted for direct health outcomes as there were insufficient suitable studies relating
to clinical outcomes identified; meta-analyses were conducted as part of previous reviews of e-cigarettes
in relation to smoking uptake®® and smoking cessation.”®
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Table 4.1-1. Overview of study papers identified in the systematic review, by health outcome category and study design

Health outcome | Meta- |Randomised | Cohort Non- Surveillance| Cross- | Case | Case
analyses| controlled | study | randomised | control report sectional | series | report
trial intervention survey
study
Dependence and 13 1 17
abuse liability 7/6 0/1 9/8 1/9
Cardiovascular 11 1 6

health outcomes 3/8 5/1

8

2
Respirator

* 0/18 4 /17 o/n

outcomes

19
Oral health
Developmental :

and reproductive
effects

11
j
14/10 | 5/1

Burns and 7
injuries

. 4 23
Poisoning
Mental health 8
effects 0/8

Environmental
hazards with
health
implications**
Neurological
outcomes

Sleep outcomes

Less serious
adverse events

Optical health

Wound healing

Olfactory
outcomes
Endocrine
outcomes
Allergic
diseases
Haematological
outcomes

Notes:

- The top large number is the combined count of studies from the NASEM review and the top-up review; the first bottom small number is the

count of studies from the NASEM review; the second bottom small number is the count of additional studies from the top-up review.

- Numbers in green relate to evidence most relevant to the assessment of causation; numbers in red relate to evidence of generally limited

contribution to the assessment of causation.

- Study counts exclude studies from the NASEM review that are outside our eligibility criteria, e.g., THC e-cigarette use, biomarker outcomes.

- Ina small number of cases, indicated study design may be different to the design as stated by individual study authors.

*Numbers in case series and case reports represent all evidence (both studies included in evidence synthesis and those omitted from evidence

synthesis due to issues with assessment of causality).

** Characterisation of studies in environmental outcomes differs from other outcomes. Those included in non-randomised intervention studies

are controlled experimental studies and those included in case series are natural experiments.
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4.2 Evidence synthesis

The evidence synthesis for this review relates to nicotine and non-nicotine e-cigarettes; e-cigarettes
delivering THC were excluded, where possible. This is a point of difference between this review and
previous reviews. Few studies presented data allowing the distinction between nicotine and non-nicotine
e-cigarettes. However, since the vast majority of e-cigarettes used are nicotine-delivering - for example,
research by the Centers for Disease Control and Prevention (CDC) found that 99% of 2015 sales in US
supermarkets, convenience stores, mass merchandisers, drug, club, and dollar stores, and Department of
Defense commissaries were for nicotine e-cigarettes' - the results presented are assumed to relate
chiefly to nicotine e-cigarettes.

Where it was not possible to separate completely the health effects of e-cigarettes delivering substances
such as THC from nicotine or non-nicotine e-cigarettes, study results have been included and this issue
noted.

In addition, the evidence synthesis focused on study designs likely to be most informative for the
assessment of the causal effect of e-cigarettes on the health outcomes of interest. The study designs
included in determining conclusions for the health outcomes need to be appropriate to establishing a
likely causal relationship between e-cigarette use and resultant health outcome. All other things being
equal, the best evidence comes from studies where the health outcome occurs after e-cigarette exposure
(temporal relationship) and the link between the e-cigarette use and the health outcome is likely to be
free from serious confounding (specificity of the relationship).

To establish a temporal relationship, prospective cohort studies, randomised controlled trials and non-
randomised intervention studies provide the strongest evidence. To establish specificity of the
relationship, the best evidence would come from randomised controlled trials, followed by crossover
trials. Non-randomised intervention studies and cohort studies can increase the specificity of the
relationship reported if study designs account appropriately for potential confounding factors.

Cross-sectional surveys cannot generally be used to establish temporal relationships and consequently
are excluded from the evidence synthesis for most outcomes, except for those relating to
dependence/abuse liability, reproduction, olfactory and endocrine.

Case reports and case series present difficulties in establishing specificity of the relationship, with the
exception of that the observed outcome is a consequence of e-cigarette exposure. These outcomes are
generally limited to burns and injuries from e-cigarette explosion, poisonings from e-cigarette use or e-
liquid exposure, and e-cigarette or vaping product use-associated lung injury (EVALI). Studies reporting
surveillance data, where identified, were also included for these outcomes. A major additional
shortcoming of studies of cases, whether report, series, or surveillance, is that there is no way to
determine the extent of the issue and the incidence of the health outcome among users of e-cigarettes,
and this is taken into account when drawing conclusions from this type of evidence.

Consequently, the study designs mainly intended for inclusion in evidence synthesis were randomised
controlled trials, cohort studies, non-randomised intervention studies, and case-control studies. Case
reports, case series and surveillance reports were included for selected outcomes only.

All studies identified in the systematic search, including all study designs, are included in Table 4.1.1. Only
those included in synthesis for establishing conclusions are discussed in detail in the findings chapters
below. The process of study selection for the top-up systematic review is shown in the PRISMA flowchart
in Appendix 4.
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4.3 Dependence and abuse liability

Main conclusions from the synthesised evidence on dependence and abuse
liability in relation to e-cigarette use
e Among non-smokers, there is substantial evidence that e-cigarette use results in dependence
on e-cigarettes.
¢ Among smokers, there is limited evidence that e-cigarette use results in dependence on e-
cigarettes. There is limited evidence that e-cigarettes have lower abuse liability than
combustible cigarettes and limited evidence that e-cigarettes have a higher abuse liability
than nicotine replacement therapy products among smokers.
e Among smokers, there is insufficient evidence whether abuse liability risk is influenced by
flavour and nicotine concentration variations.

Table 4.3-1 Overview of studies of dependence and abuse liability health outcomes identified in the systematic
review, by study design

Randomised Non? Case- : Cross-
Health Meta- Cohort| randomised Surveillance . Case | Case
. | controlled . ; control sectional )
outcome |analysis . study | intervention report series | report
trial study survey
study
Dependence
and abuse 13 1 17
liability 716 0/1 9/8

Notes:

- The top large number is the combined count of studies from the NASEM review and the top-up review; the first small number is

the count of studies from the NASEM review; the second small number is the count of additional studies from the top-up review.

- Numbers in green relate to evidence most relevant to the assessment of causation; numbers in red relate to evidence of generally

limited contribution to the assessment of causation.

- Study counts exclude studies from the NASEM review that are outside our protocol, e.g., THC e-cigarette use, biomarker outcomes.

- In a small number of cases, indicated study design may be different to the design as stated by individual study authors.

*One article described two separate randomised controlled trials.

Outcomes

e Clinical outcomes: Measures of dependence, including compulsion to use e-cigarettes, intensity
of e-cigarette use (e.g., sessions per day), withdrawal symptoms, time to first use after waking,
and craving.

e Subclinical outcomes: Measures of abuse liability, including subjective effects of mood
enhancement or drug liking, or behavioural choices indicating the motivational value of the drug.

4.3.1 Findings from previous reviews

For the purpose of this review, epidemiological studies on dependence were considered under clinical
outcomes and abuse liability studies, often human laboratory-controlled experiments, were considered
informative for subclinical outcomes. Since assessment of dependence includes evaluation of measures
among current users, cross-sectional evidence on dependence measures and symptoms (such as craving
for e-cigarettes, short time to first e-cigarette after awakening, difficulty refraining from e-cigarette use
when use is prohibited) was considered relevant.® Reports relating to frequency of use in isolation were
not considered indicative of dependence.®

Abuse liability testing involves assessing the immediate effects of an exposure (drug) with proxy
measures that reflect the likelihood that the exposure will cause dependence.® Outcomes include
subjective and rewarding effects, such as mood enhancement, subjective euphoria, drug liking, sensory
satisfaction, and intention to use, or behavioural choices paradigms that indicate the motivational value
of the drug, such as the amount of money willing to spend for the drug and willingness to work to receive
the drug.® The effects of e-cigarettes in smokers acutely deprived of nicotine (abstinent) on nicotine
withdrawal symptoms, combustible tobacco cigarette craving, and other factors believed to maintain
smoking behaviour are not generally considered evidence of abuse liability or dependence. Other
products, such as approved smoking cessation products, are known to be effective at suppressing
nicotine withdrawal and cigarette craving and have little to no abuse liability.® Consequently, measures
on suppression of withdrawal symptoms on the alleviation of smoking have been excluded. Participants
included in abuse liability studies involve either naive or inexperienced e-cigarette tobacco smokers or
experienced e-cigarette users as it is unethical to expose non-tobacco-product users to e-cigarettes.® As
much of e-cigarette dose is dependent of user behaviour, inexperience with the device is likely to impact
abuse liability outcomes. Furthermore, it is not possible to ascertain abuse liability risk in non-users.
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The NASEM review identified 15 epidemiological studies on dependence, 11 cross-sectional surveys and
four non-randomised laboratory-based studies.

Of the 11 cross-sectional surveys®"? included in the NASEM review, three used nationally representative
data."®?" Rostron et al.”® used data from the 2012-2013 National Adult Tobacco Survey (NATS) in the US
to measure dependence symptoms in the past 30-days among exclusive daily e-cigarette users (n=124)
and cigarette smokers (n=3,963). Prevalence of dependence symptoms ranged from 23%-46% among
exclusive e-cigarette users. Among exclusive e-cigarette users, 46.1% (95% CI| 35.1-57.4) reported use
30 minutes after waking, 46.2% (95% Cl| 35.2-57.5) reported strong cravings, 46.2% (95% Cl| 35.2-57.5)
reported need to use and 22.8% (95% CIl 14.8-33.4) reported withdrawal symptoms upon abstinence.
Dependence symptoms were significantly less prevalent among exclusive daily e-cigarette users than
smokers. Using Wave 1 of the US Population Assessment of Tobacco and Health (PATH) survey, Liu et
al."” compared dependence in the past 30-days between exclusive e-cigarette users (n=156) and smokers
(n=3,340). Considering yourself addicted to tobacco was highly prevalent in both exclusive e-cigarette
users (77.2%) and smokers (94.0%) as was strong cravings (72.8% e-cigarettes and 86.9% smokers) and
need to use (71.5% e-cigarettes and 88.5% smokers). Difficulty refraining where prohibited affected 5.6%
of e-cigarette users and 28.6% of smokers. Average time to first use after waking was 23.5 minutes in e-
cigarette users and 19.25 minutes in tobacco smokers. Also using the US PATH survey, Strong et al."®
used four dependence tools to measure 24 tobacco dependence symptoms. Setting mean tobacco
smoking dependence as 0.0 (SD=1.0) for comparisons, mean tobacco dependence in exclusive e-cigarette
users (n=437) was 1.37 standard deviations below that of smokers (n=8,689) while dual smokers and e-
cigarette users had mean dependency slightly higher than smokers (0.35 higher). Among exclusive e-
cigarette users, higher levels of dependence were reported for daily users compared to non-daily users
(p<0.002).

The NASEM review?® identified eight studies using non-representative sampling."®'2® Johnson et al.'®
reported dependence in 177 e-cigarette users (including 10 dual users) at an e-cigarette convention in the
US. By categorising scores from modified questions of the Fagerstrom Test for Cigarette Dependence
(FTCD), 17% had low, 22% had low-moderate, 45% moderate, and 15% high dependence. Length of e-
cigarette use and use of nicotine e-cigarettes were positively associated with e-cigarette dependence
category. In the Spanish survey by Gonzélez-Roz et al.,'® e-cigarette users (n=39) were dependent on
nicotine e-liquids and were less nicotine dependent than current cigarette smokers (n=42).

The Penn State Electronic Cigarette Dependence Index (PSECDI) was used to measure dependence
among 3,609 exclusive e-cigarette users that responded to an online survey between 2012-2014 in the
study by Foulds et al."”” Participants were all former smokers but had not smoked cigarettes in the past
30-days. E-cigarette users had between low and medium dependence (average score: 8.1; SD: 3.5). PSECDI
was significantly higher by certain e-cigarette characteristics such as length of use, large device, trialling
multiple models and more advanced models. Using the same dataset as in Foulds et al.,'”” Yingst et al.’’
compared e-cigarette dependence between first and fourth generation past 30-day e-cigarette users
who were ever-tobacco smokers. Compared to first generation users, fourth generation users had a higher
means PSECDI score (mean (SD) = 8.3 (3.3) vs. 7.1 (4.0); both considered low dependence) and short time
to first e-cigarette after waking (mean (SD) = 38.7 (60.0) vs. 67.3 (116.1) minutes) despite using lower
nicotine concentrations. Dawkins et al."® used an online survey to measure dependence among current e-
cigarette uses who were former smokers (n=1,123) and current dual users (n=218). The mean FTCD score
was higher for former smokers (6.2; SD: 2.30) than dual users (4.93; SD: 2.66).

The studies by Etter (2015)," Etter (2016)'?2 and Etter and Eissenberg'* used an overlapping sample from
online surveys from 2004-2007 (nicotine gum sample) and 2012-2014. Etter and Eisenberg" reported
dependence in 1,284 daily e-cigarette users. For long-term use (three months or more) among former
smokers, e-cigarette users were less dependent on e-cigarettes than those who had used nicotine gum.
Nicotine e-cigarettes users had higher dependence ratings than non-nicotine e-cigarettes users. In Etter
(2015),"™ e-cigarette dependence among exclusive e-cigarette users (n=374) who were former smokers
(quit in the previous two months) was positively associated with increasing satisfaction with e-cigarettes
to alleviate the desire to smoke. Etter (2016)?? looked at dependence by self-reported throat hit - which
is generally greater with higher nicotine doses - among 1,672 current e-cigarette users. Time to first e-
cigarette was generally shorter among stronger throat hit respondents (suggestive of greater
dependence), and the median time ranged from 15 to 30 minutes across all throat hit categories (five
categories ranging from very weak to very strong), indicating medium levels of dependence. Abuse
liability measures investigating subjective reward (e.g., liking, feels good) were prevalent at high levels in
the sample and generally most prevalent in the stronger throat hit group.'??
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Four non-randomised intervention studies incidentally reported dependence outcomes as part of their
sample characteristics description. All were small laboratory studies, with samples ranging from 7 to 20
participants and one was conducted in the UK™* and three in the US."?>'?7 The study populations were of
young and middle-age adult current e-cigarette users, with mean age ranging from 26.3 to 41.6 years.
One study was conducted using a smoker population.””” Gender distributions were varied among the
studies, with males ranging between 28.6% to 100%. The mean score of modified Fagerstréom Test for
Nicotine Dependence (FTND) for e-cigarettes was 4.73 (SD=1.35, range=2-7) in one study.”” PSECDI
scores across three studies were low to moderate, ranging from 3.2 to 8.4, out of a possible score range
of 0 to 20."%>"27 The results indicated moderate levels of nicotine dependence in e-cigarette users and a
harmful effect of e-cigarette use on dependence.®

Of the 11 articles (describing 12 trials) reporting the relation of e-cigarette use to abuse liability outcomes,
two also included dependence outcomes.’?*?” There were five randomised controlled trials™8'3" (Rosbrook
and Green described two separate trials in one article™) and seven non-randomised intervention
studies.’?4127182136  Fijye studies™”13112135 compared various e-liquid flavours on abuse liability. Six
studies™4127.181183134 compared differing nicotine concentrations on abuse liability and four studies'?8-130136
compared the effects of e-cigarettes with tobacco cigarettes on abuse liability among smokers.

In the double-blinded non-randomised US intervention study by Goldenson et al.,”*” 20 young adults (aged
19-34 years) with past 30-day e-cigarette use, trialled 10 different e-liquid flavours with 6mg/mL and
Omg/mL nicotine concentrations to measure liking, willingness to use again and monetary value.
Participants inhaled 20 standardised two-puff doses (10-second preparation, 4-second inhalation, 1-
second hold, and 2-second exhale) and flavours were grouped into sweet, non-sweet and flavourless.
Compared to non-sweet flavours, sweet flavours produced significantly higher abuse liability ratings for
each of the three measures (p<0.0001). Perceived sweetness of flavour was also positively associated
with abuse liability. There was no significant effect of nicotine concentration on flavour effects.

Audrain-McGovern et al.”®? conducted a non-randomised intervention study in 32 young US adult smokers
who were inexperienced with e-cigarettes, comparing flavoured and sweet flavoured nicotine e-liquid on
satisfaction and taste ratings and willingness to work. On a scale of 1-7, subjective reward ratings were
significantly higher for sweet flavours compared to unflavoured and participants were more willing to
work for flavoured e-liquids than unflavoured (p<0.0001).

The publication by Rosbrook and Green'®' detailed two separate US randomised controlled trials
investigating the effect of menthol flavouring and nicotine on abuse liability. Both trials involved 32 adult
smokers (aged 18-45 years), the majority of whom were self-reported menthol smokers. The trials
included both experienced and inexperienced e-cigarette users and six participants partook in both trials.
In the first experiment, participants used 15 different e-liquids (five different nicotine concentrations and
three different menthol concentrations). In the second trial, participants used 12 different e-liquids
(Omg/mL or 24mg/mL nicotine e-liquid with two menthol flavours, two menthol-mint flavours and two
unflavoured). Combined results from the two studies found e-liquids were on average only ‘slighted liked'.
In the first trial, there was no difference in the degree of liking by nicotine or menthol concentration. In
the second trial, both the menthol and menthol-mint flavours had significantly higher liking ratings than
unflavoured e-liquids (p<0.001) and there was no significant nicotine or nicotine-flavour interaction.

In the US non-randomised crossover trial by St Helen et al.,'®® 14 exclusive e-cigarette or dual users (11
men and three women) compared abuse liability risk between their own usual e-cigarette flavours and
two other flavours (strawberry and tobacco, 18mg/mL nicotine concentration). The evening prior to
laboratory sessions, participants could acclimate to their assigned flavour between 4-10pm but then had
to abstain from use overnight. The following morning, participants used the device for 15 puffs (30
seconds between puffs) then completed a four-hour period of abstinence before being allowed 90
minutes of ad lib use. For the standardised session, there was no differences in mood enhancement or any
subjective satisfaction measure between tobacco and strawberry e-liquids. Mean change in mood and
satisfaction was higher for own e-liquid, although no statistical tests were conducted. For the ad lib
session, usual flavour was rated significantly higher for ‘tastes good’ than both strawberry and tobacco
flavours (p<0.001) and there was no difference between strawberry and tobacco. Average satisfaction
ratings were significantly lower for strawberry (p=0.002) and tobacco (p<0.001) e-liquids compared to
usual brand e-liquids, as were ratings of enjoyment of sensations in chest and throat (strawberry: p=0.022;
tobacco: p=0.019).

In the non-randomised intervention study by Dawkins et al,,** the effects of low (6mg/mL) and high
(24mg/mL) nicotine concentrations were compared among 11 male experienced e-cigarette users from
the UK. There was no statistical difference between the high and low nicotine concentrations for hit and
satisfaction ratings. Perkins et al.®* compared the abuse liability of 36mg/mL nicotine e-liquid and
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placebo (Omg/mL) in 28 adult US smokers diagnosed with nicotine- dependence who were inexperienced
with e-cigarettes in their non-randomised intervention study. Both liking and satisfaction were
significantly higher for the nicotine e-cigarette than the placebo. Although the Italian non-randomised
intervention study by Baldassarri et al.’®® was not specifically designed to investigate abuse liability, self-
reported product liking was collected in their study on nicotine receptor occupancy. However, due to
limitations with study size, the NASEM review found no conclusions regarding the evidence could be
made.

Strasser et al.’® compared the abuse liability of e-cigarettes to tobacco cigarettes among 28 e-cigarette
naive current smokers from the US. The within-subject randomised controlled trial consisted of a 10-
minute cigarette session on day 1and then ad lib exclusive e-cigarette use for the following nine days and
testing occurred on day 1, 5 and 10. Participants were randomised to use one of five different e-cigarette
brands with various nicotine concentrations. Liking of product was significantly lower for e-cigarettes
(both at day 5 and 10) than tobacco cigarettes. There was no difference in abuse liability between e-
cigarette devices.

Stiles et al.’””® compared three different nicotine e-cigarettes (14, 29, or 36mg/mL) to products with
established high (usual brand cigarettes) or low (nicotine gum) abuse liability among 45 e-cigarette naive
smokers from the US. Participants were assigned to use each product for seven days in a randomised
order and then return to the laboratory for testing. Product liking of e-cigarettes was significantly lower
than combustible cigarettes (p<0.001) but higher than nicotine gum (p<0.05). Intent to use again was
similarly patterned.

In the US randomised controlled trial by Vansickel et al. (2012)™?° subjective reward and behavioural choice
abuse liability measures were compared between usual cigarette and 18mg/mL e-cigarette exposure
among 20 e-cigarette naive current smokers. Participants undertook four sessions. The first involved
controlled e-cigarette use, whilst in the remaining three sessions participants preferenced a specific
quantity of either e-cigarettes, cigarettes or money compared to a different quantity of an alternate
option. This design enabled the calculation of the point at which participants chose to receive (1) money
over 10 puffs from the e-cigarette; (2) money over 10 puffs of their own-brand combustible tobacco
cigarette; or (3) own-brand puffs over 10 puffs from the e-cigarette. The average point at which
participants would prefer money over product was much lower for e-cigarettes ($1.06; SD=50.16) than
cigarettes ($1.50; SD=50.26) suggesting greater reinforcing effects of cigarettes. Comparing the value
of puffs, 10 e-cigarette puffs were found to be the equivalent to three own-brand cigarette puffs. It was
concluded that e-cigarettes possessed some abuse liability which was lower than combustible cigarettes.

In an earlier US non-randomised intervention study by Vansickel et al. (2010),'3¢ 32 e-cigarette naive daily
smokers compared the effects of their usual cigarettes, two e-cigarettes (16mg/mL and 18mg/mL) and an
unlit cigarette (sham) on product liking at 5-, 15-, 30- and 45-minutes post-use. Significant condition-by-
time interactions for ratings of “satisfying,” “pleasant,” and “taste good” were reported, and ratings were
significantly higher for combustible cigarettes than both e-cigarettes.

Two additional clinical studies, both from the US, were reported by the NASEM review but were found to
provide little addition weight to conclusions as they described secondary outcomes based on recall of
user experience. In the randomised controlled trial by Steinberg et al.,'®” e-cigarettes had a higher total
satisfaction and reward score than a nicotine inhaler, but no difference compared to cigarettes among
38 current smokers that trialled each product for three days. In the second study, the randomised
controlled trial by Meier et al.’”®® found no difference between nicotine e-cigarettes (16mg/mL nicotine)
and non-nicotine e-cigarettes in satisfaction or rewarding effects among 24 smokers that trialled each
product for a week with ad lib use and cigarette smoking.

The Irish Health Research Board literature map'® identified 26 intervention studies (nine randomised
controlled trials, 17 non-randomised intervention studies), 10 cohort studies, 21 cross-sectional surveys,
two case reports'®®'9 and one surveillance report™! on the relationship of e-cigarette use to dependence
and abuse liability outcomes. The case reports and surveillance report were not included as they
examined the use of e-cigarettes for smoking cessation and reducing smoking dependence rather than
e-cigarette dependence. Of the 10 cohort studies, one'* was included in the dependence chapter of the
top-up review, four314® were considered in the mental health chapter of the top-up review and five'’-1®
did not meet eligibility for inclusion. Of the 26 intervention studies, 105552156 were included in the top-up
review, five'?>128129133136 \yere included in the NASEM review, and 1147157162 did not meet inclusion criteria.

Of the 21 cross-sectional surveys, three'®3'%5 were included in the dependence chapter of the top-up
review, nine were considered in other chapters of the top-up review (three'®®'%® in sleep and six'®®'"# in
mental health), two"*""® were included in the NASEM review, one'”® was published before the top-up
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review and not included in the NASEM review, and six'"¢'®" did not meet inclusion criteria. In the cross-
sectional survey by Farsalinos et al.,'”® the authors measured e-cigarette dependence in 111 experienced
e-cigarette users who has previously quit tobacco cigarettes by completely substituting cigarettes with
e-cigarettes for at least one month. The average age of the sample was 37 years (SD=6 years) and 84%
were male. For both measures of dependence (how soon after waking did you smoke your first
cigarette/do you use the e-cigarette; How would you rate your past dependence on smoking/current
dependence on e-cigarettes?), e-cigarette dependence was significantly lower than former smoking
dependence (p<0.001).

The Public Health England review" included four cross-sectional surveys'+'"9'?" reporting on the
relationship of e-cigarette use to dependence and no original studies reporting on the relationship of e-
cigarette use to abuse liability. All studies were included in the NASEM review.

The CSIRO review™ included two cross-sectional surveys and one cohort study reporting on the
relationship of e-cigarette use to dependence and no studies reporting on the relationship of e-cigarette
use to abuse liability. One study' was included in the NASEM review, one'® was included in the top-
review and one did not meet eligibility criteria.'®®

No studies on dependence or abuse liability were identified in the SCHEER* and USPSTF'® reviews.

4.3.2 Summary of conclusions from previous reviews
The NASEM review,® incorporating evidence from epidemiological studies, laboratory studies on the
effects of nicotine concentration and flavours, and clinical trials in smoker populations, concluded that:
e There is substantial evidence that e-cigarette use results in symptoms of dependence on e-
cigarettes.
e There is moderate evidence that risk and severity of dependence are lower for e-cigarettes than
combustible tobacco cigarettes.
e There is moderate evidence that variability in e-cigarette product characteristics (nicotine
concentration, flavouring, device type, and brand) is an important determinant of risk and severity
of e-cigarette dependence.

The Irish Health Research Board review,'® incorporating evidence from cross-sectional surveys, clinical
intervention and cohort studies, concluded that:
e There was a mixture of possible e-cigarette-related harms (abuse liability, lower nicotine uptake
in vapers than in smokers) and benefits (satisfaction, state of stable dependence, reduced
cravings or withdrawal symptoms).

The Public Health England review," incorporating evidence from cross-sectional surveys, concluded that:

e Nicotine addictiveness depends on a number of factors including presence of other chemicals,

speed of delivery, pH, rate of absorption, the dose, and other aspects of the nicotine delivery
system, environment and behaviour.

The CSIRO review™ did not provide any summative conclusions on dependence.

4.3.3 Top-up review

Search results
Overall, 24 articles were located in the top-up systematic literature search reporting on the relationship
of e-cigarette use and dependence and abuse liability (Table 4.3-1).

Dependence measures: clinical outcomes

Fifteen articles reporting on the association between e-cigarette use and dependence were identified,
one randomised controlled trial,’®® one cohort,'*? nine cross-sectional'®3164182184189 gnd four non-
randomised intervention studies.'®®190-192 One cross-sectional survey,'® one randomised controlled trial'®®
and four non-randomised intervention studies’®®'°9-192 glso provided findings on abuse liability. In this
context, cross-sectional surveys are considered suitable evidence and have been included in evidence
synthesis.

Meta-analyses
No meta-analyses of e-cigarette related dependence were located.

Randomised controlled trials
One randomised controlled trial reporting on e-cigarette dependence outcomes was located in the
literature search.
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The US study by Hiler et al.’®® compared 31 e-cigarette naive smokers with 33 e-cigarette experienced
individuals who smoked fewer than five cigarettes per day (70% male; mean age 30.6 years) to investigate
the effect of various nicotine concentrations on abuse liability outcomes. As part of the sample
characteristics, dependence for each group was assessed using modified versions of the Penn State
Dependence Index (PSDI) and the Fagerstrom Test for Nicotine Dependence (FTND). There was no
statistical difference in FTND scores between groups, however, e-cigarette naive smokers were
significantly more dependent on cigarettes than e-cigarette experienced users were on e-cigarettes
using the PSDI (p<0.05). Both groups were considered to have medium dependence using the PSDI and
low to moderate dependence using the FTND.

This study was of moderate methodological quality using the Joanna Briggs Institute’s critical appraisal
checklist and some of the study authors had been paid consultants in litigation against the tobacco
industry.

Cohort studies

One moderately sized cohort study,'*? reporting on the relationship of e-cigarette use to e-cigarette
dependence outcomes was located (Table 4.3-2). A total of 412 exclusive e-cigarette users from the US
completed the Penn State Electronic Cigarette Dependence Index (PSECDI) at baseline and at
approximately four years’ follow-up. The mean age at baseline was 41.2 years and 67.5% of the group
were male. Out of a possible score of 20, the mean PSECDI score was 8.5 (SD=3.4) at baseline and 8.4
(SD=3.8) at follow-up. This did not differ significantly for the poly user group, which was smaller (n=59)
and younger (mean age 36.5 years). The authors concluded that there was evidence of e-
cigarette-related dependence at baseline and no evidence of increased dependence over time.

The study was rated low methodological quality using the Joanna Briggs Institute’s critical appraisal
checklist and a potential conflict of interest, consultant and grants from pharmaceutical companies, was
noted.

Non-randomised intervention studies
Four non-randomised intervention studies,'®®'9%192 two published by the same authors, reporting on the
relationship of e-cigarette use to dependence, were located (Table 4.3-2).

Both studies by Hughes et al. were small and were conducted in the US. One study included 30 never
smokers' and there were 109 former smokers included in the second study;'*® participants were current
daily e-cigarette users. There was a higher percentage of males in both studies (61% and 81%) and the
average age was 21-22 and 32 years. Apart from the population, the studies shared the same study design
and protocol in which participants used their own e-cigarettes for seven days followed by six days of
biologically confirmed abstinence. Dependence was assessed by an adapted Diagnostic and Statistical
Manual, Fifth Edition (DSM-5) definition of cigarette use disorder assessing withdrawal on a 0-3 scale,
with three control symptoms for comparison (0-3 scale). In both studies, 40% of participants in the study
on never smokers and 46% in the study on ex-smokers could not maintain abstinence. Among the never
smoker population, withdrawal symptoms were found to increase marginally with abstinence (mean
increase 0.23, p=0.003). Control items showed no significant increase. The study among ex-smokers
showed a significant increase in withdrawal after abstinence (mean increase 0.57, p<0.001), and a
significant but marginal increase in one control item (tremors; mean increase 0.15, p<0.01).

In the German non-randomised intervention study by Ruther et al.,' dependence was assessed as part of
their sample characteristics. The sample consisted of nine exclusive e-cigarette users (mean age 28.5
years) and 11 daily smokers (mean age 26.2 years) all of whom were male. Both groups had low
dependence using the FTND. The mean FTND score for the e-cigarette group was 2.67 (SD 2.18, range O-
6), and the level of physical dependence was mild in three participants, moderate in five, and severe in
one. The mean FTND score for smokers was 2.73 (SD 2.41, range 0-8), and the level of physical
dependence was mild in six participants, moderate in four, and severe in one.

Spindle et al.’® also reported e-cigarette dependence as part of their sample characteristics in the US
non-randomised intervention study among 30 experienced e-cigarette users who smoked less than five
cigarettes daily (97% male; mean age 26.9 years). The average score of dependence was 3.7 (SD=2.4; low
to moderate dependence) and 8.8 (SD=4.8; low to medium dependence) using the FTND and PSDI
measures respectively.

The three studies were of moderate'®®'°99" and one was of high'? methodological quality using the Joanna
Briggs Institute’s critical appraisal checklist. Potential conflicts of interest were noted in three studies.
In two studies,’®®'%° authors has received consultant fees and grants from pharmaceutical and tobacco
companies. One study'®® had authors that were paid consultants in litigation against the tobacco industry.
One study'' had no conflicts of interest to declare.
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Case-control studies
No case-control studies of e-cigarette related dependence were located.

Other study types not considered in the assessment of likely causality
Nine cross-sectional surveys'63164182184189 o g_cigarette related dependence were identified.

The online cross-sectional survey of US JUUL users by Leavens et al.,'®® mean age (SD): 25.9 (3.1); males:
60%, used the Penn State Electronic Cigarette Dependence Index to assess dependence by smoking
status (current/dual (n=232), former smoker (n=187) and never smoker (n=174)). All groups had low
dependence (score between 4-8) and the mean score was 8.0 (SD=4.1) for dual users, 7.6 (SD=4.0) for
former smokers, and 7.0 (SD=4.2) for never smokers. Across the three groups, there was a significant
difference in mean dependence score (p=0.043) and using a pairwise comparison, only never smokers and
dual users were significantly different.

Using Waves 1-3 of the US Population Assessment of Tobacco and Health (PATH) survey, Shiffman and
Sembower'®® measured e-cigarette dependence in exclusive current e-cigarette users by e-cigarette
consumption. Out of a score of five, mean e-cigarette dependence was 1.98 (SD=0.06) among all current
e-cigarette users. Dividing by use, daily e-cigarette users had a higher dependence score (mean: 2.17; SD
0.08) than non-daily e-cigarette users (mean: 1.37; SD 0.04).

Hughes and Callas'™* also used the PATH survey but included only Wave 2 in their analysis of abstinence
on withdrawal symptoms in exclusive e-cigarette users, smokers and dual users that attempted to quit
either e-cigarettes, cigarettes or both. Of the 25 exclusive e-cigarette users that made a quit attempt,
the average number of withdrawal symptoms was 1.7 (SD=2.3) with 40% reporting any withdrawal
symptoms and 25% reporting four or more. Among smokers (n=2,528) who made a quit attempt, an
average of 2.5 (SD=2.3) symptoms were reported, 71% reporting any symptoms and 33% reporting four
or more. There was no statistical difference in withdrawal symptoms between dual users who quit e-
cigarettes but not cigarettes (n=60), and exclusive e-cigarette users that quit indicating that smoking
abated e-cigarette withdrawal. Dual users who quit smoking but continued e-cigarette use (n=242)
reported significantly more withdrawal symptoms than smokers who quit cigarettes, indicating e-
cigarettes did not relieve smoking withdrawal (p<0.001 for mean, any, and 4+ symptoms). Prevalence of
the seven dependence items from the DSM-5 criteria for tobacco withdrawal ranged from 12%-40%
among e-cigarette users, 19%-49% in smokers, 10%-21% in dual users that quit e-cigarettes and 24%-
62% in dual users that quit cigarettes.

The study by Jankowski et al.'"®* was a continuation of the YoUng People E-Smoking Study (YUPESS), a
multi-centred international project in which students from universities in Katowice, Poland, were issued
a survey to measure e-cigarette and cigarette dependence among exclusive e-cigarette users, smokers
and dual users. Compared to dual users, e-cigarette dependence was significantly different for exclusive
e-cigarette users in only two out of six items on the Fagerstrom Test for Nicotine Dependence (FTND).
More dual users reported e-cigarette use more frequently in the morning than the rest of the day (p=0.05)
and using an e-cigarette whenill (p=0.01). This was similar for cigarette dependence among smokers and
dual users. The average FTND score was over twice as high among exclusive users compared to smokers
(3.5vs. 1.6; p=0.002). Among dual users, the mean nicotine dependence level from e-cigarettes (mean 4.7)
was higher than that of cigarettes (4.7 vs. 3.2; p=0.03).

The online study by Browne and Todd'®? surveyed 436 current e-cigarette users who were former smokers,
80% male with an average age of 41.4 years (SD=13.1), to compare past smoking dependence and current
e-cigarette dependence. Of the 436 respondents, 22 (5.0%) reported some degree of current dual use.
Mean responses for all components of the FTND were significantly less for e-cigarettes than past
smoking (p<0.001) with the greatest difference in response to the question “did/do you smoke/vape more
during the first hours of the day after waking than during the rest of the day?”

Boykan et al.'®® compared e-cigarette dependence between adolescent and young adult current exclusive
pod users (n=20) and non-pod users (n=22). Participants were recruited from a larger sample from three
children outpatient offices in the US. Pod users were younger than non-pod users and no information on
sex was reported. Affirmative responses to the five questions on e-cigarette dependence were reported
in 2-6 participants. There was no significant difference between pod and non-pod users in four out of five
questions and there were significantly more pod users then non-pod users that agreed with the statement
“I need to vape when | awaken in the morning” (p=0.0006).

In the Canadian study by Camara-Medeiros et al.,’®® self-reported addiction among 578 youth and young
adult regular e-cigarette users (mean age 18.7 years; 76% male) was assessed. The sample included 20%
current smokers (dual users), 18% former smokers and 62% never smokers. Overall, 13% reported being
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very addicted, 41% somewhat addicted and 46% not addicted. Those that reported daily e-cigarette use
compared to non-daily use were more than seven times more likely to report higher addiction than lower
addition (odds ratio: 7.51; 95% Cl 4.55-12.42; p<0.0001). Using an e-cigarette more than 10 times per
weekday or weekend day did not significantly increase the likelihood of higher self-reported addiction
(weekday odds ratio: 1.17; 95% CI| 0.65-2.10; p=0.594 and weekend odds ratio: 0.64; 95% CI| 0.35-1.18;
p=0.157). Those that reported e-cigarette use for more than one year were significantly more likely to
report higher addiction (odds ratio: 1.62; 95% CI 1.06-2.47). Compared to Omg/mL nicotine, more than
9mg/mL nicotine concentrations and not 1-8mg/mL concentrations were associated with higher self-
reported addiction (9+mg/mL odds ratio: 2.35; 95% CI 1.10-5.03; p=0.001 and 1-8mg/mL odds ratio: 0.94;
95% Cl 0.47-1.85; p=0.0298).

Case et al.'®” compared e-cigarette dependence symptoms between 91 past 30-day exclusive e-cigarette
users and 41 dual users from Wave 4 of the Texas Adolescent Tobacco and Marketing Surveillance
System survey (48.5% female; average age 15.1 years). Among exclusive e-cigarette users, 53.3% wanted
to quit and 45.7% had a quit attempt in the past 12 months. Five percent of exclusive e-cigarette users
reported really needing e-cigarettes, 5.7% reported use <30 minutes after waking and 5.6% reported a
strong urge to use. When they have not used their device, 1.6% find it difficult to concentrate, 4.7% find
irritable and 2.8% feel anxious. Among dual e-cigarette users, 24.2% wanted to quit e-cigarettes and
22.9% had a quit attempt in the past 12 months. Of dual users, 32.7% reported really needing e-cigarettes,
16.4% reported use <30 minutes after waking and 35.7% reported a strong urge to use. When they have
not used their device, 19.2% find it difficult to concentrate, 29.0% find irritable and 15.4% feel anxious.
All measures were significantly different between exclusive and dual users expect for quit attempts and
use <30 minutes after waking.

Morean et al.’® surveyed 520 past-month e-cigarette users at a high school using their own e-cigarette
dependence scale. In the sample, 50.5% were female and the average age was 16.22 years. 55.6% of all
respondents reported some e-cigarette dependence and the total dependence score was 2.27 (scored
out of four with score greater than zero indicative of dependence). Average scores across the four items
ranged from 0.30-0.74. Stronger dependence was significantly associated with use at an earlier age,
more frequent use, and using higher nicotine concentrations (p<0.01). Using nicotine e-liquid rather than
non-nicotine e-liquid was also strongly associated with dependence (p<0.001).

Of the nine studies, seven were low'®3182184188  gand two were moderate®+'8 methodological quality.
Potential conflicts of interest were noted in two studies '®+'8 as authors were consultants for or had
received funds from the tobacco industry. One study, Shiftman and Sembower,'® was also funded by
Reynolds American Inc Services Company, a subsidiary of the tobacco company Reynolds American Inc.
Authors in Morean et al.'®® had previously received donated study medication from pharmaceutical
companies and authors in Boykan et al.’®® had received grants or fees from pharmaceutical companies.
No conflicts of interest were declared in five studies.'64182185.187,189

Abuse liability measure: subclinical outcomes
Fifteen articles reporting the association between e-cigarette use and abuse liability measures were
identified.55152-156185190-197 Gy stydies!®3156.185190-192 haye also been described under dependence.

Meta-analyses
No meta-analyses of the relationship of e-cigarette use to abuse liability measures were located.

Randomised controlled trials
Six randomised controlled trials reporting on the relationship of e-cigarette use to abuse liability
measures including subjective effects and behaviour choices were located (Table 4.3-2).55152:154193194

In a US study, Stiles et al.'®* compared the subjective effects of menthol flavoured nicotine e-cigarettes
(14, 29 and 36mg/mL nicotine) to combustible cigarettes (known high abuse liability) and nicotine gum
(known low abuse liability) among 71 daily smokers (62% male; mean age 34.3 years). Average liking and
intent to use again were significantly higher for all ENDS compared to gum, and maximum effects were
significantly higher than gum for measures of liking for the lowest nicotine concentration ENDS only, and
intent to use again for the two lowest nicotine concentration ENDS. Averages and maximum effects were
significantly lower than combustible cigarettes for liking, intent to use again, and liking of positive effects
for all nicotine concentration ENDS. No significant results were reported for disliking of negative effects
for any product. The authors noted the abuse liability of e-cigarettes was higher compared to gum, and
lower compared to combustible cigarettes.

In the US randomised within-subject trial by De La Garza et al.,'®? 15 tobacco dependent e-cigarette naive
smokers trialled three different e-cigarettes (Omg/mL, 18mg/mL and 36mg/mL) to investigate the effects
of nicotine concentration on abuse liability. There were 66% male participants and the average age was
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50.6 years. Participants undertook a period of abstinence overnight before completing four sessions in
which they inhaled 10 puffs of their exposure twice with a 30-minute washout period in-between. On a
scale of 0-7, 0 being not at all and 7 being very much, average satisfaction for e-cigarettes compared to
cigarettes ranged from 2.7-3.1 across the three e-cigarette devices (ENNDS: 3.1 (SD 1.9); ENDS 18mg/mL:
3.0 (SD 1.8); ENDS 36mg/mL: 2.7 (SD 1.7). Eleven participants reported that they would prefer their
combustible cigarettes to e-cigarettes for each of the three nicotine concentrations.

Palmer and Brandon'® studied the effects of nicotine delivery and outcome expectancies on the
reduction of cravings for e-cigarettes among 128 current e-cigarette users in the US. The sample
consisted of 76 former smokers and 52 curren