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As established nicotine and tobacco researchers, we strongly recommend against limiting
nicotine concentrations in e-liquids to 20 mg/mL. We base our recommendation on 1)
extensive research which demonstrates that lowering nicotine e-liquid concentrations can
increase puffing intensity and exposure to potentially harmful chemicals; 2) evidence that higher
nicotine levels can increase quit rates among smokers and 3) a lack of robust long-term
evidence that youth nicotine vaping causes smoking.
1. Our research and others have shown that use of lower nicotine concentration e-liquid
is associated with more intensive puffing, higher e-liquid consumption and greater
exposure to carcinogens. We have demonstrated this effect both in the lab and under
real world conditions in our Cancer Research UK (CRUK) funded research described
below:


In our first study (Dawkins et al., 2016), eleven experienced vapers completed 60
minutes of ad libitum vaping under low (6 mg/mL) and high (24 mg/mL) nicotine e-liquid
conditions in two separate sessions in a laboratory setting. We measured puff number,
puff duration and volume of liquid consumed. Number of puffs was significantly higher,
and puff duration significantly longer, in the low compared with the high nicotine
concentration condition, resulting in a doubling of e-liquid consumed. Our results
suggest that, like tobacco smokers, when switching to lower nicotine concentrations,
vapers engage in “compensatory puffing” in an attempt to obtain a satisfactory and
optimal level of nicotine. Similar findings have been reported in Belgian vapers (Smets
et al., 2019).



We subsequently replicated this effect of compensatory puffing in a group of 20 vapers
in a real-world setting (allowing them to take the device home and use as normal for 4weeks) (Dawkins et al., 2018). Participants increased their daily puff number and puff
duration and consumed more liquid a day in the low versus high nicotine condition and
this compensatory behavior persisted for several days (Cox et al., 2021). This was
particularly pronounced when power setting (voltage) was fixed. Despite the more
intensive puffing with the lower nicotine concentration e-liquid, nicotine craving and
withdrawal symptoms were higher, and overall satisfaction was lower, in the low nicotine
e-liquid condition.
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In the same study we also measured urinary levels of formate, a metabolite of the known
human carcinogen, formaldehyde. Formate levels were significantly higher when
participants used a low nicotine concentration e-liquid with increased power, suggesting
an increase in toxicant exposure.



We have also replicated the puffing patterns obtained from our participants in the
Dawkins et al. (2016) study (described above) using a smoking machine to generate ecigarette aerosol in the lab. Formaldehyde, acetaldehyde and acetone levels were
significantly higher in aerosols from the 6mg/mL compared with 24mg/mL puffing
regimen (Kosmider et al., 2017). The same was observed based on our real-world
puffing patterns from the 20 vapers in the CRUK-funded study (Kosmider et al., 2020).
Based on those data, in an estimation of cancer risk associated with compensatory
behaviour, our simulation suggests a 2-fold increase in cancer risk when switching from
high to low nicotine e-liquid (Kosmider et al., 2020). It should be noted however, that
this still remains orders of magnitude lower than the cancer risk associated with tobacco
smoking.

Together, these findings suggest that, when vapers switch to a lower nicotine concentration eliquid, they engage in compensatory puffing, taking more puffs per day and increasing their puff
duration. This, in turn is associated with higher levels of exposure to carcinogens
(formaldehyde, acetaldehyde and acetone). Our data therefore suggest that reducing nicotine
content in e-liquid may not have the desired harm-minimization effect. The proposed cap on
nicotine concentration at 20 mg/mL may therefore have the unintended consequence of
encouraging use of lower nicotine concentration e-liquid in turn, increasing exposure to
carbonyl compounds through compensatory puffing.

2. Reducing nicotine levels in e-liquids may reduce the effectiveness of vaping
products for dependent and disadvantaged smokers who need high nicotine levels
in order to switch successfully.


The Action on Smoking and Health (2020) survey in Great Britain showed that 80% of
current smokers who had tried and discontinued using an e-cigarette, and 61% of dual
users (i.e. who smoked and vaped), found them less satisfying than smoking. This
suggests that for many smokers, products available in Great Britain (where regulation
imposes a 20mg/mL cap on nicotine concentrations) are insufficient for reducing
nicotine craving and promoting smoking abstinence. If smokers cannot obtain the
nicotine levels they need from e-cigarettes, they become more vulnerable to increased
craving for tobacco cigarettes and are more likely to maintain smoking.



Moreover, the greatest burden of smoking-related death and disease falls on those who
are most disadvantaged in society (ASH, 2016; Leventhal et al. 2019): the poorest
(Thirlway et al., 2019); those with other addictions or a mental health diagnosis
(Glasheen et al., 2014; McClove et al., 2010; Richardson et al., 2019) and those
experiencing homelessness (Soar et al., 2020). Smoking prevalence rates remain
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exceptionally high among these groups (up to 4 times higher than national averages)
and nicotine dependence is high. High nicotine dependence and low socioeconomic
status are predictive of poorer smoking cessation outcomes (Foulds et al., 2006;
Glasheen et al., 2014; McClave et al., 2010; Richardson et al., 2019). Many have tried
traditional approaches to stop smoking and failed. Higher nicotine concentrations are
likely necessary to adequately reduce craving and promote smoking cessation among
the most disadvantaged in society.


Indeed, it is well established that higher dose Nicotine Replacement Therapy (NRT)
products (patch and gum) increase the chances of successfully stopping smoking
(Lindson et al., 2019; Przulj et al., 2018). Emerging evidence from the e-cigarette field
reveals similar findings. In a recent study of 24 highly dependent smokers, only the Juul
59mg/mL nicotine concentration was comparable to tobacco smoking in reducing
cigarette craving. The 18mg/mL concentration was associated with inadequate craving
relief (Goldenson et al., 2021). Higher strength Juul pods (59mg/mL) have also been
associated with an impressive 40% quit rate at 12 weeks among heavy smokers with
schizophrenia (Caponnetto, 2019)

The above findings suggest that higher nicotine concentrations in e-liquids may be necessary
to adequately address craving relief in smokers highly dependent on nicotine and to reduce
persistent high rates of smoking among the most disadvantaged groups in society.

3. There is no compelling evidence that youth nicotine vaping causes smoking and
there is more likely to be a diversion away from smoking


Although many studies report a strong association between e-cigarette use among
never smokers and later smoking (Berry et al., 2019l McCabe et al., 2018; Klein, 2018),
whether later smoking is caused by vaping is debateable. Detailed examination of the
studies claiming to have found a gateway effect showed that all had fundamental
weaknesses, primarily uncorrected confounding (Chan et al., 2020; Lee et al., 2019)
(which is probably an insurmountable challenge in any observational study).



In a recent review of e-cigarettes and gateway effects (2017), Etter concluded that:
“Available data are compatible with a common liability model in which people who are
liable to use nicotine are more likely to use both e‐cigarettes and cigarettes”. Others
have echoed this view that other factors such as genetics, propensity to risk taking,
family and peer influence contribute to both vaping and smoking (Gartner, 2017; Khouja
et al., 2020).



Population trends also support a common liability explanation. Despite the sharp
increase in adolescent vaping in Canada and the US, there has not been an increase
in adolescent smoking. In fact, there has been an accelerated decline in youth smoking
coinciding with the rise in youth vaping in the US (Levy et al., 2019). Similarly, corrected
statistics from the International Tobacco Control Policy Evaluation Project (ITC) Youth
Tobacco and Vaping Survey show that past 30-day youth smoking prevalence
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decreased in Canada between 2017 and 2018 from 10.7% to 10% (Hammond et al.,
2020).


There is also evidence that vaping can be a gateway from smoking for young people.
A recent time-series analysis (Selya & Foxon, 2021) concluded that: “A simulation
model shows that a substantial diversion effect is needed to explain observed nicotine
use trends among US adolescents”. Likewise, an analysis of US data using propensity
score matching found that initial e-cigarette users were less likely than others with
similar propensity to initiate smoking (Shahab, Beard & Brown, 2020). Reasons for
vaping may also be important; in a sample of 3,994 young English adults, although
vaping for curiosity or to reduce smoking, were associated with an increase in smoking
one year later, vaping to quit smoking was associated with a lower likelihood of smoking
(Khouja, Taylor & Munafo, 2020).

Overall, the above studies suggests that the association between smoking and
vaping are more likely to be due to common liabilities and, vaping can also be an
‘exit’ gateway from smoking. Nevertheless, evidence is still emerging and whilst no firm
conclusions can be drawn at present, it is reassuring to observe that regular use of ecigarettes among never smokers is rare.

Given the continued reduction in youth smoking and evidence that higher nicotine
concentrations can both minimize harmful compensatory puffing and increase quit
rates, a proposition to limit nicotine e-liquid concentrations in Canada seems
premature. The 20mg/mL limit on nicotine e-liquid concentrations imposed by the EU
Tobacco Products Directive was negotiated in 2013, before relevant evidence was
available. Now, in 2021, there is burgeoning evidence available upon which Health Canada
can make a balanced and informed decision. Following the arbitrary decision of the EU to
reduce nicotine in e-cigarettes, the far safer product, could reduce the ‘diversion’ effect
from smoking for both adult and youth smokers and encourage existing vapers to use more
e-liquid – at an increased financial cost and possibly to their health.
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