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Controversy surrounding safety claims

Background

‘…the hazard to health 

arising from long-term 

vapour inhalation from the 

e-cigarettes available today 

is unlikely to exceed 5% 

of the harm from 

smoking tobacco…’

There has been an overall shift towards the 

inaccurate perception of EC being as

harmful as cigarettes […] in contrast to the 

current expert estimate that using EC is 

around 95% safer than smoking. 

August 2015



No hard evidence […] 

estimate based on expert 

consensus alone
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• Look at actual health outcomes in cohorts?
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A priori considerations: which outcome to choose?
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• Look at actual health outcomes in cohorts?

– Takes a long time to see effect – not enough data
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• Look at actual health outcomes in cohorts?

– Takes a long time to see effect – not enough data

– Some smoking-related health effects are irreversible Base: Total Population

Vast majority of EC users are current/past 

smokers
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– Acute vs. chronic effects
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– Health outcomes confounded with past smoking behaviour of most EC users
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– Evidence of harm might occur more quickly

– Acute vs. chronic effects

Never smoked or not 

susceptible to smoke

Susceptible smoker

Disability

Death

DNA adducts may persist for decades after 

exposure (e.g. Schmeisser et al, 2014)
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A priori considerations: which outcome to choose?

• Look at actual health outcomes in cohorts?

– Takes a long time to see effect – not enough data

– Some smoking-related health effects are irreversible

– Health outcomes confounded with past smoking behaviour of most EC users

• Look at biomarkers of actual harm?

– Evidence of harm might occur more quickly

– Acute vs. chronic effects

– Effects may again be long-lasting and confounded with past smoking

• Look at biomarkers of risk?

– Evidence accumulates quickly

– Short-term / reversible

– Have decades of research on tobacco products to guide us!

Methodology



• Humans not animals

– Failure to replicate animal studies (poor design but also important physiological 

differences) : 8% successful translation from animal models to human cancer 

trials (Mak et al, 2011)

A priori considerations: which design to chose?

• Mouse bread that spontaneously developed 

cancer within 1 year (11.1% “fresh air” vs 

22.5% in EC nicotine condition)

• Were exposed continuously for 4h for 5 days 

a week at 36 mg/ml (3 mice died due to non-

cancer causes) ~ 7 years in 1 year

• Constant voltage used for 4h likely induced 

overheating (carbonyls) and undermines 

homeostatic responses

• Additional exposure due to nicotine deposits 

on fur and surface > can oxidise to NNK

• No evidence that nicotine causes cancer 

in humans (IARC)!

Methodology
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• Body-level exposure

– Machine yield deceptive > user characteristics
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outside ISO testing machine

Jensen et al, 2015
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A priori considerations: which design to chose?

• Humans not animals

– Failure to replicate animal studies (poor design but also important physiological 

differences) : 8% successful translation from animal models to human cancer 

trials (Mak et al, 2011)

• Body-level exposure

– Machine yield deceptive > user characteristics

• Appropriate comparator: smokers not never smokers

– Claim is about reduced risk compared with smokers

– Most EC users are current / past smokers

Methodology



Suitable biomarkers of subsequent risk in humans

• 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL)
– Marker for nitrosamine exposure (NNK) > potent lung carcinogens (IARC)

– Specific to tobacco use; linked to subsequent cancer risk (Yuan et al, 2011)

– Urinary half-life ~10 days (Goniewicz, 2009)

• 1-hydroxypyrene (1-HOP)
– Marker of polycyclic aromatic hydrocarbon exposure (pyrene) > potent carcinogens (IARC) 

– Relatively specific to tobacco use; linked to subsequent cancer risk (Yuan et al, 2014)

– Urinary half-life ~20 hours (Buchet et al, 1992)

• 3-hydroxypropylmercapturic acid (3-HPMA)
– Marker of volatile organic compound (acrolein) > potent respiratory irritant (US EPA)

– Relatively specific to tobacco use; aldehydes have been linked to cancer (IARC)

– Urinary half-life ~ 1 day (Carmella et al, 2009)

• Carbon monoxide
– For simplicity only looking at exhaled CO > highly toxic (WHO)

– Relatively specific to tobacco use; linked to cardiovascular diseases (Lee et al, 2015)

– Half-life ~5 hours (Sandberg et al, 2011)

Methodology



• 10 published papers (8 studies) with 658 participants

• Mostly second/third generation EC evaluated

Findings

Impact of EC use on NNAL
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Impact of dual use
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New trial evidence: cardiovascular and respiratory function

• George et al (2019)

– Randomised smokers (N=145) to either continued smoking, EC with or 

without nicotine, with 1 month follow-up

– Improvements in endothelial function and vascular stiffness (irrespective of 

nicotine use)

Findings
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Health effects: outstanding questions

• Clearly e-cigarettes are not completely safe

– Nicotine has a Low Risk, not a No Risk profile (e.g. Dempsey & Benowitz, 2001)

– Threshold effects (is XX% reduction in exposure= XX% reduction in harm?)

– E-cigarette specific risks not captured by tobacco-related outcomes

• Route of administration > most research on oral not pulmonary administration

• Changing use pattern may produce unique risks (e.g. cloud-chasing, newer products)

• Novel biomarkers necessary

• However, toxicological analyses have shown cigarettes to be uniquely 

dangerous product, compared with which, e-cigarettes are clearly a 

reduced risk products

Low                                                                                         Health Risk                      High

Nothing Cigarette

NRT

EC

95% risk reduction = 6.6 

million fewer deaths

60% risk reduction = 1.6 

million fewer deaths

Findings
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• Combustion is key
– Cigarette smoke (600 compounds, including 70 carcinogens, turned it 7,000+ through 

burning at ~800 °C) vs aerosol (e-cigarettes mainly nicotine, PG/VG, flavourings)

– Would assume e-cigarettes are safer based on simple chemistry

• Statement that we do not know long-term health consequences ignores 
substantial research based on decades of insights from work on tobacco
– Consensus in academic community: e-cigarettes are much less harmful than cigarettes 

based on both evaluation of e-liquid/aerosol carcinogenicity and exposure profile of users

– This should translate into reduced long-term risk of smoking-related diseases (especially 
cancer) when switching completely

• However, unknown unknowns exist (e.g. novel risks specific to e-cigarettes) 
and absolute risks (vis à vis not smoking) cannot be determined so need 
more data:
– Ideal approach: compare disease incidence in cohorts of never smokers with long-term 

EC use, never smokers without any product use and long-term smokers (but will take 
time)

What does this mean?

Conclusions
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• Chronic exposure by asthmatics does not appear to have a deleterious 

effect (Polosa et al, 2016)

• E-liquids downregulated immune response in airway epithelial cells in 

one study (Wu et al, 2014), but had no effect in another (Misra et al, 

2014) and acute exposure does not adversely affect lung inflammation in 

humans (Bouley et al, 2017) – VG may be anti-inflammatory

Lung function
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And finally…



Putting recent events in context: what’s going on?

• Worldwide, there are over 40 million e-cigarette users and devices 
have been on the market for over a decade with very few problems 
reported

• Since July/August there has been a sudden outbreak of ‘vaping-
related lung disease’, primarily in the US

• These are acute events, so likely have an acute cause (i.e. it’s not 
vaping per se but what is vaped that may be the problem)
– Most cases involve younger users of bootlegged, illicit products (cannabis)

– Cannabis unlike nicotine is not easily water-soluble so in part disease may 
be due to addition of solvents to make it easier to vape THC oils (bad for 
lungs)

– Since e-liquids in US not as tightly regulated as in Europe (EU TPD) also 
likely to include other adulterants (especially black market products)

– Possibility that people used products wrongly (dry puff/high voltage)

And finally…
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• Recent, often inaccurate, news reports about e-cigarettes has had 

an impact on risk perceptions:

Conclusions: a warning

Unintended consequences of misinformation
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