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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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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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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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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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if couldn’t use e-
cigarette

Craving to use EC - n (%)

Urge to use EC - n (%)

Hard to keep from using EC
-n (%)

Irritable if can't use EC - n
(%)

Anxious if can’t use EC - n
(%)

21(35.6)
10 (17.0)
9(15.3)

20 (33.9)

20(33.9)

33 (55.9)
10 (17.0)
15 (25.4)

23 (39.0)

26 (44.1)

0.00

1.00
on

0.47

0.22

0.09
0.59
0.04

0.12

0.06

Non-randomised intervention studies

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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Study details Quality
(author, year, I i) assessment,
location, study Sample AR study size,
t .. exposure and Outcome measure Results ;
ype, [data characteristics conflict of
. comparator :
source, time interest and
frame]) funding
Healthy young concentration, in one Like effects 58 <0001 0.0 0885 163 <.0001 Very small
Non- adult (18-21 of three flavours “Doyou like the drug | Dislike effects 1.5 0.182 0.4 0.519 34 0.009 study size
randomised years) smokers effects?” Feel good 95 <0001 0.1 0809 202 <.0001
intervention (at least 5 Intervention 2 Feel bad 35 0002 02 0.621 3.6 0.006 Conflicts of
study (7 Latin- | cigarettes per ENNDS: eGo device “Do you dislike the interest
square ordered | day for past Omg/mL nicotine drug effects?” Drug Effects Scale (e-cigarette conditions only and bout 1) Paid consultant
conditions) three months), concentration, inone Flavour (F) Nicotine (N) in litigation
unwilling to quit, | of three flavours “Do you feel any F p F p against the
Study date not | have not good drug effects?” Rush 4.66 0.010 35.21 <.001 jtobacco
reported rggularly useq e- | Comparator ) l Like effects 534 0.097 16.07 <001 industry
bty or gromar | cigaretie. 00 | degettecisy ¢ | Dislike effects 206 0128 246 OI7 g
Pttn e ivieall e 8 ' Feel good 073 0484 2476 <001 Virginic
longer) Materials Direct Effects of Feel bad 3.86 0.022 8.15 0.004 Foundation for
ENDS, ENNDS and Nicotine Scale Healthy Youth,
Gender (%) own brand cigarette | (DENS) (visual Direct Effects of Tobacco Scale National
Male: 50 analogue scale) Condition (C)  Bout (B) Time (T) Cancer
Female: 50 Pattern of use F p F F p Institute,
10-puff (30s interpuff Satisfy 42.6 <0001 177 <.0001 26.8 <.0001 | National
Age - mean (SD) interval) product Pleasant 50.0 <.0001 29.8 <0001 36.6 <.0001 | |nstitute on
years administration at Taste good 27.2 <.0001 241 <.0001 36.6 <.0001 Drug Abuse,
19.9 (1.1) baseline (bout 1) and Calm 120 <0001 13 0261 220 <.0001 |Center for
60 minutes (bout 2) Like to use 53 <.0001 01 0.742 5.0 0.001 Tobacco
another Products of the

Direct Effects of Tobacco Scale (e-cigarette conditions only and

bout 1)

Flavour (F) Nicotine (N)

F p F p
Satisfy 4.46 0.012 0.08 0.773
Pleasant 2.69 0.069 4972 <.001
Taste good 16.32 <.001 29.30 <.001
Calm 0.23 0.796 18.82 <.001
Like to use another 5.75 0.003 10.84 0.001

US FDA

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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Non-
randomised
intervention
study

Study date not
reported

Used <5 tobacco
cigarettes

daily, used =21mL
of ECIG liquid
daily, used
=6mg/mL
nicotine
concentration,
and had used
their ECIG 23
months

Gender - n (%)

70:30, 30:70, and
0:100

Materials

“eGo” (3.3V)

battery with a 1.5 ohm
(Q), dual-coil, 510
“cartomizer”; Virginia
Pure” tobacco
flavour) 18mg/mL
nicotine

Pattern of use

Male: 29 (97)
Female: 1(3)

Age - mean (SD)

years
26.9(7.1)

12-hour abstinence, 4
sessions. Each
session, 2 bouts (60
washout) consisting
of 10 puffs with 30s
inter-puff-interval
each

Modified e-cigarette
appearance for
ENDS experienced
individuals

Penn State
Dependence Index

Subjective

questionnaire
Hughes-Hatsukami

Withdrawal Scale
Tiffany-Drobes
Questionnaire of
Smoking Urges
(factor 1: intention to
use; factor 2:
anticipation of relief
from withdrawal
symptoms); general
labeled magnitude
scale

Subjective effects

Condition Time Condition x Time

F P F P F P
Hughes-Hatsukami
Anxious 0.28 NS 7.87  <0.01 118 NS
Craving 0.34 NS 16.15 <0.001 0.97 NS
Depression 0.69 NS 3.06 NS 0.96 NS
Concentrating 0.32 NS 8.12 <0.001 0.89 NS
Drowsy 0.52 NS 9.90 <0.001 1.32 NS
Hunger 2.73 NS 6.83  <0.01 0.68 NS
Impatient 0.59 NS 543  <0.01 1.04 NS
Irritable 0.42 NS 373 <0.05 0.85 NS
Restless 0.73 NS 289 <0.05 1.00 NS
Sweets 0.58 NS 1.88 NS 2.04 NS
Urge 0.70 NS 15.97 <0.001 0.71 NS
Tiffany-Drobes QSU
Factor 1 0.74 NS 19.65 <0.001 115 NS
Factor 2 3.04 <005 971 <0.001 1.1 NS
Direct effects
Awake 553 <0.01 3.77  <0.01 2.25 <0.05
Calm 326 <0.05 7.32 <0.001 1.09 NS
Concentrate 503 <0.01 1.49 NS 1.58 NS
Dizzy 2.90 NS 500 <0.01 1.00 NS
Pleasant 6.94 <0.01 280 <0.05 0.71 NS
Reduced hunger 2.09 NS 368 <0.01 0.66 NS
Right now 0.1 NS 14.65 <0.001 0.41 NS
Satisfy 398 <0.05 470 <0.01 0.56 NS
Sick 0.49 NS 0.16 NS 0.81 NS
Taste good 314 <0.05 0.93 NS 0.69 NS
General labeled magnitude
Flavour 1.86 NS 0.56 NS 0.02 NS
Harshness 474  <0.01 0.92 NS 0.03 NS
Throat hit 11.47 <0.001 153 NS 0.05 NS

Very small
study size

Conflicts of
interest

Paid consultant
in litigation
against the
tobacco
industry

Funding
Supported by

National
Institute on
Drug Abuse of
the National
Institutes of
Health and the
Center for
Tobacco
Products of the
U.S. Food and
Drug
Administration

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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Study details

Quality
(author, year, " assessment,
: Intervention/ .
location, study Sample study size,
.. exposure and Outcome measure Results ;
type, [data characteristics conflict of
. comparator :
source, time interest and
frame]) funding

Do you smoke/vape more frequently during the first hours after waking
than during the rest of the day?

39.3 34.6
Yes 14.3 154 (236-  (19.4-
(6.7-31.5) (6.2-33.5)
57.6) 53.8) 08 005
85.7 84.6 60.7 65.4 ' ’
No (68.5- (28 8—64 5) (42.4- (46.2-
94.3) ) ) 76.4) 80.6)
Do you smoke/vape if you are so ill that you are in bed most of the day?
' (19.4-53.8) ' (25.5-61.1)
39.5) 82.1) 009 0.01
78.6 65.4 67.9 57.7 ) ’
No (60.5- (46 2_'80 6) (49.3- (40.0-
89.8) ' ' 82.1) 74.5)
FTND 0.00
Mean 16£1.6 35+26 47+26 32z*22 ) 0.03
(SD) 2

The average FTND score among exclusive e-cigarette users was
over twice as high (mean 3.5 vs. 1.6) as among traditional
cigarette smokers (p=0.002). The mean nicotine dependence level
from e-cigarettes (mean 4.7) was higher than that from
traditional cigarettes (mean 3.2; p=0.03) among

dual users.

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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There were 12 studies, one meta-analysis, eight randomised controlled trials, one cohort study, one non-
randomised intervention study and one case report on the effects of e-cigarettes on other cardiovascular
outcomes.
¢ Among smokers, nicotine e-cigarette use was related to an acute increase in heart rate, compared
to before use, in four randomised controlled trials, one non-randomised intervention study, one
meta-analysis and one very small randomised controlled trial in non-smokers. Heart rate
variability also increased in the same trial of non-smokers. Hence:

o Thereisinsufficient evidence on the relation of e-cigarette use to acute increases in heart
rate and heart rate variability in non-smokers and moderate evidence among smokers.

¢ Among non-smokers, there were no acute changes in blood pressure, arterial stiffness, mean
arterial pressure or hand microcirculation after e-cigarette use in two randomised controlled
trials and a cohort study. Among smokers, e-cigarette use was related to an acute increase in
blood pressure in one randomised controlled trial and one meta-analysis and no effect in three
randomised controlled trials. An acute increase in peripheral pulse pressure was reported in one
very small randomised controlled trial, and no effect on arterial stiffness was reported in two very
small randomised controlled trials. One very small non-randomised intervention study found e-
cigarette use was related to an acute decrease in hand microcirculation.

e E-cigarette use was not related to long-term changes in heart rate or blood pressure compared
to no use among non-smokers in one very small cohort study. Hence:

o Thereisinsufficient evidence on the relation of e-cigarette use to acute increases in blood
pressure, arterial stiffness, mean arterial pressure or hand microcirculation in non-
smokers.

o There is limited evidence that e-cigarette use is related to an acute increase in blood
pressure among smokers.

o There is insufficient evidence on the relation of e-cigarette use to acute changes in
peripheral pulse pressure, hand microcirculation, arterial stiffness and endothelial
function among smokers.

e FEvidence from one case report indicated that use of e-cigarettes may interfere with cardiac
device operation. Hence:
o Thereis the potential for cardiac device interference by e-cigarette devices.

445 Summary of findings integrating evidence from previous reviews and top-up

review
Combining clinical evidence from the top-up systematic review with the evidence from previous reviews:
e No studies on the relationship of e-cigarette use to clinical cardiovascular outcomes were
identified. Hence:
o There is no available evidence as to how use of e-cigarettes affects the risk of clinical
cardiovascular outcomes.

Combining subclinical evidence from the top-up systematic review with the evidence from previous
reviews:
e No studies on the relationship of e-cigarette use to subclinical cardiovascular outcomes were
identified. Hence:
o Thereis no available evidence as to how use of e-cigarettes affects the risk of subclinical
cardiovascular outcomes.

Combining evidence on other cardiovascular outcomes from the top-up systematic review with the
evidence from previous reviews:
e There was a total of nine studies, all with small sample sizes, in non-smokers (never smokers and
ex-smokers) on cardiovascular-related outcomes in relation to e-cigarette use.
e Among non-smokers, there is:
o Insufficient evidence on the relation of e-cigarette use to heart rate and endothelial
function when compared with no e-cigarette use;
o Insufficient evidence, mostly indicating no significant effect of e-cigarettes on blood
pressure and autonomic control when compared with no e-cigarette use;
o Limited evidence of no significant changes in arterial stiffness and mean arterial pressure
comparing e-cigarette use with no e-cigarette use; and
o The potential for cardiac device interference.
e There was a total of 12 studies, all including small samples sizes, in current smokers on
cardiovascular-related outcomes in relation to e-cigarette use.
e Among smokers, there is:
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4.4.6

o Moderate evidence that nicotine-delivering e-cigarettes are related to acute increases in
heart rate after use;

o Mostly consistent evidence that nicotine-delivering e-cigarettes are related to acute
increases in systolic blood pressure, diastolic blood pressure and arterial stiffness after
use;

o Limited evidence that e-cigarettes are related to long-term decreases in blood pressure
and no change in heart rate after switching from combustible cigarette smoking; and

o Limited evidence that e-cigarette use is associated with increased endothelial
dysfunction.

GRADE was not applied.

Main conclusions from the synthesised evidence on the cardiovascular health

effects of e-cigarette use

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.

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.
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Study details
(author, year,

Quality assessment,

location, study Sample Intervention/exposure Outcome . ;
. .. Results study size conflicts of
type time characteristics and comparator measure . fundi
frame, [data interest, funding
source])
20mins 6.1+x0.9* 6.1:0.8
30mins 6+0.8 6109
2hours 5808 6.1x0.8
4hours 58209 608

Heart-rate corrected augmentation index

P-value P?value
ENDS ENNDS (time) (time x
exposure)
Baseline -51+95 -2+9.2
0 mins 57 £11* 0.6+12.8
10 mins 3.9+132* 0+£10.7
20 mins 2 £11.1* -0.7%129
30mins 19101 -03:107 ~0001 0006
2hours -26+11* -3.9+10.7
4 hours ~88: -2*95
10.4

*Denotes significant change from baseline due to exposure
(contrast for ‘time x exposure’)

tDenotes significant change from baseline, not influenced by
exposure (contrast for ‘time’)

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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4.6 Respiratory health outcomes

Main conclusions from the synthesised evidence on the respiratory health effects

of e-cigarette use

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

e There is insufficient 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 There is 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.

Table 4.6-1. Overview of studies of respiratory health outcomes identified in the systematic review, by study design

Health Meta- Randomised Cohort rancli\l:r:;sed Case- Surveillance Cross- Case | Case
. | controlled . ; control sectional :
outcome |analysis . study | intervention report series | report
trial ctudy study survey

Respiratory 9 5 5 18 21 11 | 26
health 5/4 2/3 1/4 0/18 4/17 | o/11 | 0/26
outcomes*
Notes:

*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 causality).

- 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 eligibility criteria, 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.

Outcomes

e Clinical outcomes: Clinical respiratory diseases (chronic obstructive pulmonary disease (COPD),
chronic bronchitis, emphysema, asthma, and e-cigarette, or vaping, product use-associated lung
injury (EVALLI)), exacerbation and/or progression of existing clinical respiratory diseases.

e  Subclinical outcomes: Lung function (spirometry including forced vital capacity (FVC), forced
expiratory volume in one second (FEV,), forced expiratory ratio (FEV:/FVC), peak expiratory flow
(PEF), forced expiratory flow (FEF); impulse oscillometry including impedance, resistance,
reactance), lung structure (assessed via CT or MRI), exhaled breath analysis (fraction of exhaled
nitric oxide (FeNO), fraction of exhaled carbon monoxide (FeCOQ)).

e Other respiratory measures: Includes nasal mucociliary clearance (MCC), voice performance,
airway hyperresponsiveness.
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asthmatic smokers found a significant increase in respiratory impedance, resistance, resonant
frequency, and reactance area in both groups immediately after use in one study and a significant
increase in respiratory resistance for both groups and a significant increase in respiratory
impedance for asthmatic smokers at 15-minute follow-up in the other study. There were no
changes in any parameters at 30-minutes post-exposure. In one very small randomised controlled
trial in smokers, there was a significant increase in flow resistance, and no change in flow
reactance or resistance in peripheral airways 30 minutes after ENDS use.
E-cigarette use was not associated with long-term (3.5-year follow-up) changes in lung function
in one very small cohort study.
Hence, there is:
o 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.
o Limited evidence that e-cigarette use increases respiratory resistance and impedance in
healthy and asthmatic smokers up to 30 minutes post-exposure.
Among non-smokers, FeNO significantly decreased at one-minute follow-up then returned to
baseline at 30-minute-follow-up in one small non-randomised intervention study.
In two very small non-randomised intervention studies comparing healthy and asthmatic smokers,
FeNO significantly decreased in both groups immediately after use and returned to baseline
levels after 30 minutes in one trial, and significantly increased for asthmatic smokers and
significantly decreased for healthy smokers at 30-minute follow-up in the other. At two-hour
follow-up, FeNO significantly increased after ENNDS and ENDS use in one small randomised
controlled trial.
E-cigarette use was not associated with long-term (3.5-year follow-up) changes in exhaled breath
in one very small cohort study.
Hence, there is:
o Insufficient evidence on the effect of e-cigarettes on exhaled breath outcomes among
healthy and asthmatic smokers and non-smokers.

46.5 Summary of findings integrating evidence from previous reviews and top-up

review

Combining evidence on clinical outcomes from the top-up systematic review with the evidence from the
previous reviews:

There were four cohort studies, 18 surveillance reports, seven case series and nine case reports
with evidence on clinical respiratory outcomes:

Compared to never-users, former and current e-cigarette users were more likely to report
respiratory disease. Among adult smokers with COPD, e-cigarette use positively predicted COPD
exacerbations and increased the frequency of chronic bronchitis, however it did not impact COPD
progression. In smokers with COPD or asthma switching to e-cigarettes, there was no difference
in asthma exacerbations, a decrease in COPD exacerbations, and a downgrading of COPD
severity. Hence, there was:

o Insufficient 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.

o Insufficient evidence for areductioninrespiratory exacerbations and disease progression
among adult healthy, asthmatic and COPD smokers who switch to exclusive or dual-use
of e-cigarettes.

Evidence from surveillance reports, case series and case reports indicated a clear association of
e-cigarettes with respiratory disease (EVALI) among smokers and non-smokers. EVALI
prevalence in the United States increased from 215 cases in August 2019 to 2,668 cases in
January 2020, with young males aged 18-24 years having the highest representation. Reports
largely related to the use of products containing THC (and the additive vitamin E acetate,
identified in many, but not all THC-containing products), although cases with exclusive use of
nicotine-only products were recorded. Hence, there was:

o Conclusive evidence from surveillance reports, case reports and case series that the use
of e-cigarettesisrelated torespiratory disease (EVALI) among smokers and non-smokers.
There is substantial evidence that this lung injury is largely related to e-cigarettes
delivering THC (and the additive vitamin E acetate, identified in many, but not all THC-
containing products), although 14% of cases were in patients reporting the use of
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nicotine-delivering products only, so a causal effect of these products cannot be
excluded.
The GRADE rating for evidence on clinical respiratory outcomes was very low for non-randomised
intervention studies (surveillance reports, case series and case reports not included). There were
no randomised controlled trials on clinical outcomes.

Combining evidence on subclinical outcomes from the top-up systematic review with the evidence from
the previous reviews:

There were nine randomised controlled trials, four cohort studies, and eight non-randomised
intervention studies with evidence on subclinical respiratory outcomes.
There were changes in one or more lung function parameters, respiratory resistance measures
and exhaled breath less than 30 minutes after e-cigarette exposure with some reports of changes
a few minutes or 30 minutes post-exposure. Hence, there was:
o 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.
o Limited evidence that e-cigarette use increases respiratory resistance and impedance in
healthy and asthmatic smokers up to 30 minutes post-exposure.
o Insufficient evidence on the effect of e-cigarettes on exhaled breath outcomes among
healthy and asthmatic smokers and non-smokers.
The GRADE rating for evidence on subclinical respiratory outcomes was very low for both
randomised and non-randomised evidence.

Combining evidence on other respiratory outcomes from the top-up systematic review with the evidence
from the previous reviews:

46.6

There was one randomised controlled trial and one cohort study with evidence on other
respiratory measures.

Among smokers, there were improvements in asthma outcomes and airway hyperresponsiveness
in asthmatic smokers after using e-cigarettes (exclusive and dual use) and a reduction in
sinonasal symptoms after ENDS use. Hence, there was:

o 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.

GRADE was not applied to other respiratory outcomes.

Main conclusions from the synthesised evidence on the respiratory health effects
of e-cigarettes

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% being in patients reporting the use of nicotine-
delivering products only, indicating that the latter products can cause EVALI.

There is insufficient 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.

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.
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e There is 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.
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Study details

(author, year, Quality

. Sample Intervention and Outcome assessment, study
location, study h .. L Results . flict of
type, time frame characteristics contro measure _3|ze, conflict _o
[da,ta source]) i interest, funding
following 0.34 0.30
exposure ENDS 0.42 0.43 014 +0.34 0.20+0.49 0.22+0.35
ENNDS Obsff 0.22+0.29 0.22+0.37 0.24+0.47 0.18+0.26
Spirometry
Baseline 0.5h 2h 4h 6h

AX - ptime = 01551 ptimexexposure = 0281
ENDS 348+241 327+215 270+219 2.87+256 32'05(;

364+ 427 * 2.57 %
ENNDS 564 3.03+1.67 2.90+1.89 385 137
FreS — Ptime = 0018, ptimexexposure = 0042

12.28 = 12.06 10.86 173
ENDS 397 318 257 1120:319 544

12.44 * 11.70 = 11.54 + 11.92 + 11.06
ENNDS "3 66 270 299 335 2.19*
VC - Ptime = 0.020; Ptime x exposure = 0.636

492 + 494 +
ENDS 5.01+1.23 1181 1201 496+118 4.96+1.19
498+ 496 * 497 +

ENNDS 5.02*1.21 1214 120+ 5.00+1.20 120
FEV, - Ptime = 00096, Ptime x exposure = 0.788

382+ 3.84 3.86 387+
ENDS 0.76 0.79 082 385081 “4g,

3.86* 3.86+ 3.89*
ENNDS 0.76 0.78 3.90+0.77 3.90+0.77 0.80

Fractional exhaled nitric oxide

Baseline 0.5h 2h 4h 6h
FeNo - Ptime = OOO, Ptime x exposure = 0002
ENDS 12.36 + 12.00 13.91+ 13.09 + 11.36 +

287 3.55 321+ 3.36 208
182+ 1201+ 1201+ 1218+ 1127+
ENNDS - "5g7 4.04 401+ 325 3.77

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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Study details
(author, year,

Quality

. Sample Intervention and Outcome assessment, study
location, study h .. L Results . flict of
type, time frame characteristics contro measure _S|ze, conflict _o
[da,ta source]) 1 interest, funding
multi-centre Comparator Peak expiratory MEF25(30 mins) 0.8+19.3 14+133 -2.8+*16.1 - 0.6
international Gender (%) (n=30) flow (PEF) (I/s) MEF7s (1 min) 31+105 30157 49107 13+x136 06
project Male: 59.2 Non-smokers MEF-5(30 mins) 41146 18+164 -0.2+15.0 - 0.9
Female: 40.8 Maximal MEF2s5_75 (1 min) 42+11.8 48=x125 -05x111 09x96 0.7
Materials - expiratory flow MEF2s5.75 (30 _
Age - mean Device type at 25% and 75% mins) 27:N2 382132 -20:106 ) 0.5
(SD) years ENDS: own of FVC (MEF25.75) . 0.000
526 +20 device, multi- /s) FeNO (1 min) 73+134 131112 128=*16.7 0.3+x134 >
fruit flavoured e- . -84+
liquid Maximal FeNO (30 mins) 186 39119 -56+*185 - 0.5
Cigarette: expiratory flow | Oqsaturation(l 1,41 0g+11 02:08 02:07 009
popular cigarette | between 25% min)
brand (0.6mg and 75% of FVC O, saturation (30 _
nicotine/cigarett | (MEF2s5.7s) (I/s) mins) 01£09 -00x11 01:10 ) 0.6
e) Exhaled air temp _ _
Acute respiratory | (1 min) -0.5%12 0011 05:09 -02:11 04
Pattern of responses Exhaledairtemp 2,93 _09+10 -06+10 - 0.4
exposure Exhaled nitric (30 mins)
Everyday habits oxide (FeNO) Exhaled CO (1 -119+ -154.4 11+138 -111+  0.000
for 5 minutes (ppb) min) 27.7 115.1 T 31.4 1
Exhaled CO (30 -89+ -117.6 104192 i 0.000
O, saturation (%) mins) 26.9 90.5 T 1

Exhaled air
temperature (°C)

Exhaled carbon
monoxide (CO)
(ppm)

In the control group, under direction of the Ethics Committee, the 30-
minute measurement was not allowed since the first and second
measurement results did not differ

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette

Electronic cigarettes and health outcomes: systematic review of global evidence

12




















































Study details
(author, year,
location, data
source [time

Demographics and
medical history

Exposure

Presentation

Treatment

Outcome

Quality
assessment,

conflict of interest

P and funding

rame])

Hospital Male Use of nicotine-e- Not reported per patient, | Admitted to hospital Not reported Conflicts of

record 17.0 years cigarette 3-5 no information and received high-dose interest
days/week for steroids None declared

June 2019- Medical history unknown duration EVALI diagnosis

August 2019 | Not reported Confirmed case Funding

Male
17.7 years

Medical history
Not reported

Daily use of
nicotine-e-cigarette
for 2-3 months,
most recent use five
months prior to

Not reported per patient,
no information

EVALI diagnosis

Confirmed case

Admitted to hospital
and received high-dose
steroids

Not reported

admission
Male Daily use of Not reported per patient, | Admitted to hospital Not reported
17.5 years nicotine-e-cigarette | noinformation and received high-dose

for unknown

steroids

Medical history duration EVALI diagnosis

Not reported Confirmed case

Male Daily use of Not reported per patient, | Admitted to hospital Not reported
17.7 years nicotine-e- no information and received high-dose

Medical history
Not reported

cigarettes for 4
months

EVALI diagnosis
Confirmed case

steroids

Not reported

Case reports

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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o Insufficient evidence as to the relationship of e-cigarette use to gum disease, bone loss
around the teeth and any periodontal disease in mixed populations including exclusive e-
cigarette users, dual users, and non-smokers.

The GRADE rating was very low certainty.

Combining intermediate/subclinical evidence from the top-up systematic review with the evidence from
previous reviews:

Two studies, one cohort and one non-randomised intervention study were identified.
No evidence on the relationship of e-cigarette use to subclinical oral health outcomes among
exclusive e-cigarette users (non-smokers) was located. Hence:
o There is no available evidence on the relationship of e-cigarettes to
subclinical/intermediate oral health.
Among smokers that switched to e-cigarettes, gingival crevicular fluid increased in one very small
non-randomised intervention study. In one small cohort study, mean plaque index scores and mean
papillary bleeding scores decreased. No statistical tests were conducted in either study. Hence:
o There is insufficient evidence of reduced plague, gingival and papillary bleeding with
switching from combustible smoking to e-cigarette use.
The overall certainty of the evidence was very low using the GRADE approach.

Combining evidence on other oral health measures from the top-up systematic review with the evidence
from previous reviews:

4.7.6

One non-randomised intervention study on other oral health outcomes was identified.
Among exclusive e-cigarette users, there was a small but significant increase in blood flow to the
buccal mucosa in e-cigarette users at five-minutes post-exposure that returned to baseline at 30
minutes in one very small non-randomised intervention study. Hence:
o There is insufficient evidence on the relationship of e-cigarettes to buccal mucosal blood
flow in non-smokers.

Main conclusions from the synthesised evidence on the oral health effects of e-

cigarette use

There is 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.

There is insufficient evidence of reduced plaque, gingival and papillary bleeding in smokers
switching to e-cigarette use.

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.

Electronic cigarettes and health outcomes: systematic review of global evidence 137







































National estimates from the US suggest there are 835 cases of burns and injuries per year from
2007-2017.

There were 11 case reports and 10 case series or burn centre reports on burns and injuries from an e-
cigarette device or battery malfunction, finding:

495

Use of e-cigarettes can result in burns and injuries.

Thermal burns were the most common injury from e-cigarette use, varying in severity and the
amount of total surface body area burnt.

Thighs were the most common burn and injury location and these generally occurred while the e-
cigarette device or battery was stored in the pants pocket.

The hands and mouth were also common burn and injury locations resulting from explosion of the
e-cigarette device while in use.

One fatality resulted from head trauma as a consequence of a projectile from an exploding e-
cigarette.

Information on e-cigarette device type was largely unknown with specific details reported only in
one case report. Two reported modifications to the device but no specifics were given. Five studies
distinguished between e-cigarette batteries and the device.

Summary of findings integrating evidence from previous reviews and top-up
review

Combining evidence from the top-up systematic review with the evidence from previous reviews on
clinical outcomes:

496

There was a total of 68 studies of burns and injuries in relation to e-cigarette use: 34 case reports,
27 case series or burn centre reports, and 7 passive surveillance or single burn centre reports.
Thermal burns are the most common type of injury and varied in severity with burns to the lower
body most frequent. One death from an e-cigarette explosion was reported.
Trauma from e-cigarette explosions can impact many difference body structures and systems.
Hence:
o Thereis conclusive evidence that the use of e-cigarettes is related to burns and injuries.
o Thereis conclusive evidence that burns and injuries resulting from e-cigarette use can be
severe and can result in death.
Case reports and case series are particularly useful for describing events where a direct
relationship between cause and effect is clear. In the context where no other cause of the burn or
injury is apparent they are considered appropriate evidence for our conclusions.
No epidemiological studies on the relationship of e-cigarette use to burns and injuries were
identified. Hence:
o There is no available quantitative evidence as to the relative risk and incidence of burns
and injuries related to the use of e-cigarettes.

Due to the study types available, the GRADE approach was not applied.

Main conclusions from the synthesised evidence on burns and injuries related to
e-cigarette use

There is conclusive evidence that e-cigarettes can cause burns and injuries, which can be severe
and can result in death.
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4.10.6 Main conclusions from the synthesised evidence on poisoning related to e-
cigarette use
e Thereis conclusive evidence that intentional or accidental exposure to nicotine e-liquids can lead
to poisoning, which can be severe and can result in death. A significant number of accidental
poisonings occur in children under the age of six.
e There is conclusive evidence that use of e-cigarettes can result in nicotine toxicity.
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Combining evidence from subclinical outcomes related to mental health from the top-up systematic
review with the evidence from previous reviews:

There were three cohort studies with findings on subclinical outcomes related to mental health.
Compared to non-users, sustained exclusive e-cigarette use was associated with more frequent
reporting of depressive symptoms in one study.
Among non-smokers (exclusive e-cigarette use), there was a greater rate of increase in
depressive symptoms associated with increased frequency of e-cigarette use in two studies.
One study found e-cigarette use did not predict elevated depressive symptoms (smoking status
unknown).
Hence:

o There was insufficient evidence on the relationship of e-cigarette use to depressive

symptoms.

The GRADE rating was very low certainty.

Main conclusions from the synthesised evidence on the mental health effects of

e-cigarette use

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

Quality

(author, year, Setting Experimental conditions | Outcome measure Results a(sxs)ﬁ:lsig]ceor}t,
study design) interest, funding
ForFour SubTwin Neo; tobacco-
(Smart), Fiat flavoured liquid, nicotine | 5. Nicotine Propylene glycol passenger window: 2cm open/5¢cm open -
Punto (Fiat) content 18mg/mL mean
Volatile organic Skoda Volvo  Golf 06 Golf05 Golf 01 Smart Fiat
Each occupied and organic ENDS 262/502 196/226 341/370 762/611 50/59 <LD  <LD
by 2 people W Control <LD  <LD  <LD  <LD  <LD  <LD  <LD
Passenger 6. Benzene o )
window 2cm or 7. Toluene Nicotine passenger window: 2cm open/5cm open - mean
5cm open 8. Furfural Skoda Volvo Golf 06 Golf05 Golf 01 Smart Fiat
9. 3- ENDS 4/5 <LD 4/<LD 10/7 5/<LD <LD <LD
Ethenylpyridine Control <LD  <LD <LD <LD <LD  <LD <LD

Carbonyls
10. Formaldehyde

11. Acetaldehyde
12.
Propionaldehyde
13. Acetone

14, 2-Butanone

Average session
time
20-23 minutes

<LD: measurement was below the limit of detection (LD)
No significance testing was reported

No correlation found between the different ventilation
conditions (PW 2cm vs. 5cm open)

Other compounds
No effect reported

Carbonyls
No effect reported

Notes: EC: e-cigarette, nicotine content not specified; ENDS: nicotine e-cigarette; ENNDS: non-nicotine e-cigarette
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o Thereis no available quantitative evidence on the incidence of seizures in relation to the
use of e-cigarettes.
e Due to the study types available, the GRADE approach was not applied and the certainty of
evidence is automatically rated as very low.

4.13.6 Main conclusions from the synthesised evidence on the relationship between e-
cigarette use and neurological outcomes
e Thereis conclusive evidence that the use of e-cigarettes can lead to seizures.
e Thereis limited evidence that injuries due to e-cigarette explosions can lead to nerve damage.
e There is no available evidence as to how the use of e-cigarettes affects the risk of other clinical
neurological outcomes.
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The methodological quality of the evidence was rated low using Joanna Briggs Institute’s critical
appraisal checklist and no conflicts of interest were reported. GRADE was not applied.

415.4 Summary of findings from top-up review
There were eight randomised controlled trials in smokers, two cohort studies and one passive surveillance
report, with relevant adverse event outcomes, finding:

A range of adverse events are documented to occur in e-cigarette users.

The evidence is primarily in smokers, so direct comparisons with outcomes in never smokers is not
possible.

The most common adverse events were throat irritation, nausea, cough, and headache, with
additional reported events including dizziness, dyspnoea, chest pain, insomnia, increased heart
rate, tremor, disorientation, wheezing and pain.

415.5 Summary of findings integrating evidence from previous reviews and top-up

review

Combining evidence of less serious adverse events from the top-up systematic review with the evidence
from previous reviews:

There was a total of 57 studies on adverse events related to e-cigarette use: 33 randomised
controlled trials, four non-randomised intervention studies, 17 cohort studies, two passive
surveillance reports and one meta-analysis.
The most common adverse events were throat irritation, nausea, cough, and headache, with
additional reported events including dizziness, dyspnoea, chest pain, insomnia, increased heart
rate, tremor, disorientation, wheezing and pain.
Few very serious adverse events were reported.
The majority of evidence was among smokers (many using nicotine e-cigarettes as a cessation
aid) and no direct comparisions with never smokers were reported. Hence:

o There is substantial evidence that less serious adverse events such as throat irritation,

cough, dizziness, headache and nausea are related to nicotine e-cigarette use.

The GRADE rating for the randomised controlled trial evidence was very low certainty.
The GRADE rating for the non-randomised evidence was very low certainty.

4.15.6 Main conclusions from the synthesised evidence on less serious adverse events

related to e-cigarette use
There is moderate evidence that less serious adverse events - such as throat irritation, cough,
dizziness, headache and nausea - occur with use of nicotine e-cigarettes.
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e There is insufficient evidence on the relationship between use of e-cigarettes and subclinical
olfactory measures.
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4.20.4 Summary of findings from top-up review
There were two studies, one case report and one case series, on the relationship of e-cigarette use to
clinical allergy outcomes, finding:
e E-cigarettes can cause clinical allergic reactions, primarily contact dermatitis, due to nickel
exposure from e-cigarettes or potentially menthol within e-liquid. Hence:
o There is limited evidence that e-cigarette use can lead to contact dermatitis and no
available evidence on other clinical allergy outcomes.

4.20.5Summary of findings integrating evidence from previous reviews and top-up
review
Combining evidence from the top-up systematic review with the evidence from previous reviews:
e Four studies, three case reports and one case series, on the relationship of e-cigarette use to
allergic diseases were identified.
e E-cigarettes can cause clinical allergic reactions, primarily contact dermatitis, due to nickel
exposure from e-cigarettes or potentially menthol within e-liquid. Hence:
o There is limited evidence that e-cigarette use can lead to contact dermatitis and no
available evidence on other clinical allergy outcomes.
e GRADE was not applied.

4.20.6 Main conclusions from the synthesised evidence on the allergic diseases effects

of e-cigarette use
e There is limited evidence that e-cigarette use can lead to contact dermatitis and no available
evidence on other clinical allergy outcomes.
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e When restricted to studies with a nicotine concentration >0.01mg/mL, a statistically significant
difference in smoking cessation with randomisation to freebase ENDS compared to NRT.
There were two RCTs comparing ENNDS plus counselling to counselling alone, finding:
e No statistical difference in cessation outcomes between the groups.
There was one RCT comparing ENNDS to NRT, finding:

e No statistical difference in cessation outcomes between the groups.

There were five RCTs with evidence on use of freebase ENDS and nicotine cessation, finding:

e Smokers using e-cigarettes were substantially more likely to be using nicotine in any form
(combustible cigarettes, ENDS or approved NRT) at six-to-12-month follow-up, or to be using
ENDS or NRT, than smokers who used approved forms of NRT.

Hence:

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

e There is insufficient evidence that nicotine e-cigarettes are efficacious for smoking cessation,
compared to non-nicotine e-cigarettes.

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

5.2.5 Summary of findings integrating evidence from previous reviews and top-up

review
Combining evidence from the top-up systematic review with the evidence from previous reviews:

e The evidence on the efficacy of nicotine e-cigarettes and non-nicotine e-cigarettes for smoking
cessation was limited.

e Based on random-effects meta-analyses of the current limited evidence, no significant benefit
for smoking cessation of freebase electronic nicotine delivery systems (ENDS) versus electronic
non-nicotine delivery systems (ENNDS) or approved nicotine replacement therapy (NRT) was
detected. Significantly greater quit rates in smokers randomised to freebase ENDS versus
ENNDS and approved NRT were found using a fixed-effects meta-analysis. The certainty of the
evidence for these comparisons was rated as very low.

e Based on low certainty evidence, e-cigarettes delivering freebase nicotine at doses likely to be
used in the clinical setting were significantly more efficacious than standard NRT for smoking
cessation.

e The one RCT rated as having a low risk of bias was conducted within clinical smoking cessation
services and found a significant benefit of freebase ENDS for smoking cessation compared to
approved NRT. An additional smaller trial, in the same setting and published after the search
date, also found a significant benefit. These two trials were limited to nicotine concentrations
<20mg/mL. The larger trial reported that, where data were available, mean nicotine
concentrations were 18mg/mL, 12mg/mL and 8mg/mL at 4, 26 and 52 weeks, respectively, and
the smaller trial reported use of median nicotine concentrations of 10mg/mL at commencement
and 6mg/mL at six-month follow-up.

e Trial participants randomised to ENDS had significantly greater quit rates than participants
randomised to no intervention or usual care, based on very low certainty evidence. The difference
remained statistically significant in both the random-effects and fixed-effects meta-analyses.

e Studies on the efficacy of non-nicotine e-cigarettes for smoking cessation found no statistically
significant benefit of ENDS versus approved NRT or ENNDS plus counselling versus counselling
only. The certainty of this evidence was rated as very low.

e Considering the very limited available data, smokers using nicotine e-cigarettes were
substantially more likely to be using nicotine in any form at six-to-12-month follow-up than
smokers who used approved forms of NRT. In smokers randomised to ENDS, dual ENDS use and
combustible smoking was more common than quitting, at trial completion.

e Theoverall certainty of the evidence was rated as very low.

e Considering only studies without potential competing interests and those with at least six
months of follow-up further limited evidence but did not materially change conclusions.

5.2.6 Mainconclusions from the synthesised evidence on the effects of e-cigarette use

on smoking behaviour

e Thereis 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.
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e 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.

e There is insufficient evidence that nicotine e-cigarettes are efficacious for smoking cessation,
compared to non-nicotine e-cigarettes.

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

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

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

e Thereislimited 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.

e The overall certainty of the evidence was rated as very low and more reliable, large-scale
randomised evidence is needed.
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