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Editorial

Towards a Canadian evidence base to inform action
to prevent and control vaping in Canada

Cynthia Callard, MM (1); Thierry Gagné, PhD (2); Jennifer L. O’Loughlin, PhD (3,4)

The upsurge in the use of electronic nico-
tine delivery systems (ENDS) in the past
decade is a critical issue for tobacco con-
trol, characterized by rapidly changing
ENDS technologies, shifting usage pat-
terns and contradictory evidence on the
added value of vaping products. Policy
development in this realm is often based
on risk assessments lacking replication or
clear consensus on the benefits and harms
of ENDS. Further, without homegrown
evidence, Canada’s approach has been
highly reliant on the experience of and
evidence in other countries, despite critical
differences in regulatory landscapes and
time trends in uptake across age groups.!

This second offering in a two-part series
in Health Promotion and Chronic Disease
Prevention in Canada: Research, Policy
and Practice (the HPCDP Journal) on
tobacco and vaping prevention and con-
trol presents Canadian data that directly
address this knowledge gap. Our call for
papers asked for new Canadian evidence
on policy implementation challenges, the
determinants of ENDS use, including its
social distribution, and the associations
between ENDS use, smoking cessation
and health outcomes. The five papers in
this special issue address key evidence
gaps that have challenged the develop-
ment of relevant policy and programs tar-
geting ENDS use in Canada.

In an innovative online scan of vaping
product retailers, D’Mello et al.? demon-
strate the mind-boggling diversity of the
online e-cigarette market in Canada in
terms of nicotine concentration, availabil-
ity of higher-concentration salt-base nicotine

products, and flavours. The authors decry
this diversity and call for reducing the
number of e-liquid flavours available on
the market and restricting nicotine con-
centrations to less than 20 mg/mL. Their
research reveals disturbingly high levels of
noncompliance with federal regulations
that prohibit the marketing of candy-fla-
voured e-liquids.

Two papers, one by Ahmad et al.®> and one
by Shi et al.,* identify determinants of
vaping initiation and daily use among
Canadian youth. These papers indicate
that key determinants of youth vaping in
Canada likely include ease of access in
addition to the constellation of vulnerabil-
ities underpinning substance use in gen-
eral, as evidenced by the close associations
between vaping and other risk-taking
behaviours such as cigarette smoking and
use of alcohol, energy drinks and mari-
juana. These results corroborate support-
ing findings reported by Williams et al.
(published in the first part of this HPCDP
Journal special issue).®

Finally, two papers shed new light on the
acute and long-term effects of vaping on
health. First, Baker et al.® report results
from the first year of the Canadian VALI
(vaping-associated lung injury) surveil-
lance system. The authors describe
encouraging numbers in terms of low
occurrence and acute health conse-
quences compared to the US. However,
they caution us about our reduced capac-
ity to monitor these outcomes since the
COVID-19 pandemic, and they highlight
the need to extend surveillance to assess
longer-term health impacts. Second,

Pound et al.” describe a simulation study
showing the relative impact of ENDS on
population health across contrasting regu-
latory scenarios, including a complete ban
and a prescription-only scenario (i.e.
wherein vaping is available to smokers
only). While the debate on the benefits of
vaping for cessation remains heated, this
analysis underscores the high economic
and health costs of delaying action to pre-
vent vaping initiation and the subsequent
transition to cigarette smoking in future
generations.

We believe that, collectively, the evidence
presented in this issue of the HPCDP
Journal will assist regulators in enhancing
interventions to decrease the recreational
use of ENDS and to better control the sup-
ply of ENDS. On the demand side, the
growing number of Canadian publications
on youth vaping highlight that some
young people are at particularly high risk
of initiating and continuing use for rea-
sons similar to those underpinning the
use of other substances. In particular, the
social distribution of vaping uptake was
not evident early on after ENDS entered
the market.®? However, as ENDS use pro-
gressed through the innovation curve to
affect the entire population, the vulnera-
bility characteristic of most substance use
behaviours is now recognized as a key
determinant of vaping uptake.

These results are highly evocative of
research conducted by tobacco companies
in the 1980s that aimed to identify psy-
chographic market segments of the
Canadian youth population from which
they could most easily recruit new users
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using the concepts of independence, free-
dom and peer acceptance.’®! This market
research helped legislators recognize that
comprehensive and society-wide tobacco
control measures were needed to protect
youth. Some of the demand-reduction
interventions established for tobacco prod-
ucts that proved effective in reducing youth
smoking (e.g. advertising bans) are now in
place for ENDS, but others (e.g. plain pack-
aging, full bans on vaping flavours) remain
to be implemented.

In addition to these insights on the demand
side of the equation, D’Mello’s findings*
highlight stark differences between regula-
tory controls on the supply side of the
Canadian ENDS and tobacco markets. The
cigarette market is one in which virtually
identical products are sold by a vertically
integrated oligopoly,'? and in which manu-
facturers are required to provide detailed
and regular reports to government on their
product emissions, their ingredients, their
price and their sales volume.'* In contrast,
those who manufacture the many and
diverse ENDS products sold in Canada are
not required to file any reports with gov-
ernment, leaving key monitoring data
unavailable. Without this information,
Canadian researchers and regulators have
more difficulty measuring the impact that
these products have on population health.

Also on the supply side, Pound’s team
assessed the cost savings of shifting ENDS
products from the consumer goods market
and instead making them available as a
therapeutic product. This regulatory inno-
vation is underway in Australia, where
e-cigarettes are now managed as “unap-
proved” medicines available only under
prescription.’ Canada’s policy choice to
legalize e-cigarettes as a recreational drug
product was presented as an approach that
balanced concerns about “protecting youth
from nicotine addiction and tobacco use,
and allowing adults to legally access vap-
ing products as a less harmful alternative
to cigarettes.”” Pound’s cost study sug-
gests that there may be a better way to
achieve an optimal balance.

There is now solid international and home-
grown evidence that vulnerability to ENDS
uptake in youth is similar to, if not higher
than, that of tobacco uptake, and this has
serious implications for population health
in Canada. Three directions for action
emerge from this set of papers. First, we
can optimally protect young people by
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applying the set of stringent and compre-
hensive demand-side measures that have
helped reduce tobacco initiation. Second,
because Canada’s ENDS market is difficult
to monitor, assess and regulate, measures
to bring supply under better public health
management need to be prioritized. The
option of limiting ENDS products to a ther-
apeutic supply (for quitting or harm reduc-
tion) should be further explored. Third,
much more evidence is needed on the
short- and long-term consequences of
using ENDS, a knowledge gap that can
only be addressed if there is sustained sup-
port for surveillance and longitudinal
research. We hope that Canada’s health
authorities recognize the important contri-
bution of the five papers presented herein
and use the findings to strengthen their
policy and programmatic approaches to
addressing the enduring public health chal-
lenge of nicotine addiction.
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Abstract

Introduction: The e-cigarette market in Canada has rapidly evolved following the
implementation of the Tobacco and Vaping Products Act in May 2018, which liberalized
the promotion and sale of vaping products. To date, there is little data on the market
profile of key product attributes, including nicotine content, labelling practices and
flavours.

Methods: An online scan of vaping product retailers (manufacturer, two national, five
provincial) was conducted in 2020 to assess the e-liquids available on the Canadian
market. Data were extracted from websites and product images regarding the nicotine
content, labelling and flavours of e-liquids.

Results: We identified 1746 e-liquids, with a total of 4790 different nicotine concentra-
tions. Approximately half of the e-liquids were offered with salt-base nicotine (46.6%)
and half with freebase nicotine (53.2%); the remainder were hybrids (0.2%). The mean
nicotine concentration of salt-base e-liquids (3.4%) was higher than freebase e-liquids
(0.5%) (p < 0.001). Labels indicating the presence of nicotine were visible on two-
thirds of e-liquid packaging displayed online (63.2%) while three-quarters of packaging
displayed the nicotine concentration (73.7%), and more than half of packaging displayed
health warnings (58.9%). A variety of flavours were also identified, with fruit being the
most common (43.6%), followed by candy/desserts (27.6%) and non-alcoholic drinks
(12.5%).

Conclusion: Findings demonstrate the diversity of the online e-cigarette market in Canada,
including the availability of higher-concentration salt-base nicotine products. Flavour
restrictions have the potential to dramatically reduce the number of e-liquid flavours on
the market, while restricting nicotine concentrations to < 20 mg/mL will predomi-
nantly restrict salt-based e-liquids.

Keywords: Canada, electronic cigarettes, flavouring agents, nicotine, public policy, product
labelling

Highlights

e There is little current data on the
Canadian e-cigarette market, par-
ticularly about nicotine content,
labelling and flavours.

e This online retail scan found that
half of e-liquids offered were nico-
tine salt-base, half were freebase,
and a few were hybrids.

®* Among e-liquids containing nico-
tine, nicotine concentration was
higher among salt-base (mean:
3.4%; range: 0.3%-6.5%) than
freebase (mean: 0.5%; range:
0%-1.8%) e-liquids.

e Eleven e-liquid flavour categories
were identified, with fruit being
the most common, followed by
candy/desserts and nonalcoholic
drinks.

e Findings demonstrate the diversity
of e-liquids sold online in Canada
and that flavour restrictions and
nicotine limits will restrict a large
proportion of e-liquids.

Introduction

Prior to May 2018, Canada had a highly
restrictive regulatory framework for e-cig-
arettes: nicotine-containing vaping prod-
ucts could not be sold or marketed
without premarket approval.! However, as
of May 2018, the Tobacco and Vaping

Products Act (TVPA) permitted the sale of
nicotine-containing e-cigarettes, as well as
greater advertising and promotion.! The
e-cigarette market experienced rapid change
following implementation of the TVPA,
including the introduction of major inter-
national brands such as JUUL and Vype/
Vuse.>®> The prevalence of past-30-day

vaping also increased from approximately
3% in 2017 to 5% in 2019 among Canadians
aged 15 years or older.*®

E-cigarettes offer an alternative method of
nicotine consumption that is less harmful
than smoking tobacco  cigarettes.’
E-cigarettes are among the most common
smoking cessation aids used by adult
smokers in Canada® and evidence suggests
that nicotine-containing e-cigarettes can
help some smokers to successfully quit if
they are used for the purpose of quitting
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and on a daily basis.”" However, there
are concerns about the use of e-cigarettes
among youth and nonsmokers; in Canada,
11.6% of high school students reported
vaping on a daily basis in 2019, among the
highest rates in the world.'?

A range of policy measures are being pro-
posed or implemented at both the provin-
cial and federal levels in Canada, with the
aim of minimizing vaping among young
people (Figure 1).M1314 Several of these
policies seek to reduce the appeal of vap-
ing products by modifying product attri-
butes, including restricting flavours of
e-liquids, limiting nicotine concentration
to 20 mg/mL (in line with the European
Union)"” and mandating health warnings
and nicotine labelling.

Flavours play an important role in vaping
among youth and young adults, as well as
among adult smokers who are trying to
quit. Availability and liking of flavours are
among the main reasons for vaping among
youth in the US' and England.” Research
has also demonstrated that flavours can
facilitate smoking cessation.'”!® Fruit fla-
vours are the most popular among both
youth and adult vapers,>”?? although, in
Canada, tobacco flavours are more com-
monly used by adults than vyouth.*®
Studies have identified thousands of

different e-liquid flavours in the US* as
well as numerous flavour categories;*
however, we are unaware of any compre-
hensive study of the flavour profile of the
Canadian e-liquid market.

Several Canadian provinces have imple-
mented restrictions on the nicotine con-
centration of e-liquids, and at the time of
this study, Health Canada had proposed a
limit of 20 mg of nicotine per mL of e-lig-
uid (Figure 1), similar to existing regula-
tions in the European Union." In Canada,
prior to the implementation of the TVPA
in May 2018,' although no nicotine-con-
taining products were approved for sale,
the vast majority of e-liquids did contain
less than 2% (or 20 mg/mL) of nicotine.?*
However, since the implementation of the
TVPA, an increasing number of brands,
such as JUUL, have been introduced to
the Canadian market. The most popular
variety of JUUL contains 5% nicotine (59
mg/mL) and uses salt-base nicotine e-lig-
uid with a lower pH than freebase e-lig-
uids to enhance the palatability of higher
nicotine concentrates.®?® The high-con-
centration salt-base nicotine e-liquid pio-
neered by JUUL has since been adopted by
most other nicotine salt brands; however,
the extent to which the Canadian market
has shifted toward higher-concentration

FIGURE 1

nicotine salt e-cigarettes has yet to be
examined.

There is also little data on the packaging
and labelling practices of products in
Canada, including the extent to which
nicotine levels are consistently and clearly
labelled on product packaging or at the
point of sale (including online). A retail scan
conducted in Ontario in 2018 found that a
substantial proportion of e-cigarettes for
sale in Canada were not labelled as having
nicotine and that the accuracy of nicotine
labelling was inconsistent when tested for
actual nicotine concentration in the prod-
ucts.”* Another scan conducted in 2014
found that many e-cigarette products did
not include health claims, but instead
listed general disclaimers and ingredient
information.” The display of “voluntary”
health warnings on packaging has also
been inconsistent across e-cigarette mar-
kets in the United States (US), often
changing in response to regulatory pro-
posals by the US Food and Drug
Administration (FDA).*** In Canada, new
federal requirements were implemented in
July 2020 mandating maximum nicotine
content restrictions and distinct health
warnings on product packaging per the
Vaping Products Labelling and Packaging
Regulations,** although we are unaware of

Overview of retail regulations for vaping products in Canada at the federal level and in
Alberta, British Columbia, Nova Scotia, Ontario and Quebec, at time of study (2020)

CANADA

Recommended

Implemented?® AB

BC NS ON QC

Ban flavours

Ban flavours except in adult (19+) vape stores

Ban flavours (except menthol) except in adult
(19+) vape stores

Maximum nicotine concentration (mg/mL)

120

Higher nicotine in vape stores only

Labelling requirements:
Health warning, nicotine concentration

Measure implemented/ intention to implement declared

Federal measures apply

! Measure recommended by the Council of Chief Medical Officers of Health, January 2020

Abbreviations: AB, Alberta; BC, British Columbia; NS, Nova Scotia; ON, Ontario; QC, Quebec.
Note: Only the provinces from which data were collected are included in Figure 1.
2 At the time of this study (2020) the maximum nicotine concentration was 66 mg/mL.
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any current studies documenting labelling
practices on Canadian vaping products.

Overall, despite the rapidly evolving e-
cigarette product market, there is little
publicly available data on key product
attributes, including the nicotine content,
flavours and labelling of e-cigarettes. This
information is critically important for
understanding how these products are
promoted and used by consumers, as well
as for understanding the impact of provin-
cial and federal restrictions. Since many
consumers purchase vaping products
through online retailers,*® an understand-
ing of the online market environment is of
particular importance.** In our study, we
therefore sought to examine the e-liquids
available on the online retail market in
Canada, with a focus on nicotine concen-
tration, flavours and labelling.

Methods
Data collection

Data were collected through an online scan
of vaping product retailers from January to
September 2020 (manufacturer, two national,
five provincial). This scan was conducted in
three steps to ensure a diverse set of vaping
products were identified to adequately char-
acterize the Canadian market.

First, a list of 25 leading brands was con-
structed from the 2019 International
Tobacco Control (ITC) Youth and Tobacco
and Vaping Survey: Aspire, blu, Eleaf,
FreeMax, Geekvape, 1JOY, Innokin,
Joyetech, JUSTFOG, JUUL, KangerTech,
Lost Vape, Mi-Pod, MYLE, SMOK, Smoke
NV, Snowwolf, STLTH, Suorin, TeslaCigs,
UWELL, V2, Vaporesso, VOOPOO, Vype/
Vuse. Collectively, these brands represent
more than 90% of brand market share
among young people who vape in the ITC
survey.>* Information on all available vap-
ing products for the 25 brands was identi-
fied by searching three online sources, in
the following order: (1) Canadian website
of manufacturer; (2) non-Canadian web-
site of manufacturer (only if Canadian
website of manufacturer was not avail-
able); and (3) two large, national online
retailers. The two national online retailers
were selected based on a Google search of
terms “vape” and “Canada”. The top ten
links to online retailers were identified.
The two websites that had the greatest
coverage of the leading 25 brands were
selected for this study. Each of the 25
leading brands except one (V2) were
available for sale in Canada.
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Second, additional vaping products (i.e.
additional to the 25 leading brands) were
identified by scanning the same two large,
national online retailers described above.
Data on all vaping devices and e-liquids
were collected.

Third, one local online retailer per each of
five Canadian provinces in our study
(British  Columbia, Alberta, Ontario,
Quebec and Nova Scotia) was also
selected to identify additional products.
Again, retailers were identified through a
Google search of “vape shop” followed by
the major city in each province (e.g. “vape
shop Toronto”) and one vape store was
randomly selected in each province. Vape
shops were only eligible if product infor-
mation was posted online.

Data extraction and coding

Data were extracted from the information
available on the websites (text and
images). E-liquid product images includ-
ing packaging were captured using screen-
shots from online websites. Variables
included e-liquid nicotine type (salt-base,
freebase, hybrid [a combination of salt
and freebase]), nicotine strength (percent
and/or mg/mL), flavour category (fruit,
candy/dessert, nonalcoholic drink, alco-
holic beverage, tobacco, menthol/mint,
coffee, spice, unflavoured, tobacco and
menthol, other), as well as an indication
of a health warning, the presence of nico-
tine and nicotine strength (percent and/or
mg/mL) on e-liquid packaging.

Nicotine concentrations were presented
on websites (text and images) either as
mg/mL or as a percentage. For consis-
tency, all nicotine concentrations were
converted to percentages for the analysis
in this study using the formula 1.0 mg/
mL = 0.1%. The components of e-liquid
packaging were assessed based on the
clarity and visibility of the product’s
online image. The presence of a health
warning, the presence of nicotine and nic-
otine strength were each recorded as Yes,
No or Undiscernible. To establish the reli-
ability of the coding protocol, three
researchers independently coded 10% of
all product images and reached an agree-
ment on 95.4% of the data.

Data analysis

First, descriptive statistics were calculated
on the frequency and proportion of (1)

e-liquid products sold in the form of salt,
freebase or a hybrid; and (2) e-liquid
products within each of the following fla-
vour categories: fruit, candy/dessert, non-
alcoholic drink, alcoholic beverage, coffee,
spice, tobacco, menthol or mint, tobacco
and menthol, unflavoured, or other.
Second, mean differences of nicotine con-
centration were tested between salt and
freebase e-liquids (statistical tests were
not run for hybrid e-liquids due to low
sample size) using an independent sam-
ples t test. Third, mean differences of nic-
otine concentration were tested between
e-liquid flavour categories using a one-
way analysis of variance (ANOVA) and a
Games-Howell post hoc test. Fourth, we
calculated the frequency and proportion
of e-liquid products with packaging visible
on the website that indicated the presence
of nicotine, stated the nicotine concentra-
tion and had health warnings (text and/or
pictorial) followed by a chi-square test to
examine associations with e-liquid type
(salt vs. freebase).

Results

A total of 1746 e-liquids were identified
and analyzed. Overall, 53.2% of the e-
liquids identified were labelled or defined
on the website as freebase or “regular”
(n = 929), while 46.6% were salt-base
(n = 814) and 0.2% were hybrid (n = 3).
Among the 1746 e-liquids, a total of 4790
different nicotine concentrations were
available. In other words, each e-liquid
was offered in an average of two or three
different nicotine concentrations (Table 1).

The vast majority of e-liquids sold con-
tained nicotine (84.5%). Only 30% of all
e-liquids had nicotine concentrations over
2%, although this proportion was much
higher among salt-based e-liquids
(71.4%). Freebase e-liquid nicotine con-
centrations ranged from 0% to 1.8%,
although when restricted to nicotine-
containing products only, concentrations
ranged from 0.2% to 1.8% (Table 1). Salt-
based e-liquids ranged from 0.3% to
6.5%, although most had nicotine con-
centrations of 2.1% to 5.0% and fewer
had nicotine concentrations over 5%.
Among all products (including 0% nico-
tine), the mean nicotine concentration
was higher among salt-base e-liquids
(3.4%) than freebase e-liquids (0.5%;
t,,.s = 88.5, p < 0.001). Among nicotine-
containing products only (> 0%), the
mean nicotine concentration was also
higher among salt-base e-liquids (3.4%)
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Nicotine concentration® of e-liquids by ni;ﬁgllel-:t;’pe and overall® products in Canada, 2020
Salt-base Freebase Hybrid Overall
n=2013 n=2768 n=9 n = 4790
Nicotine concentration—categorical [% (n)]
0% 0(0) 26.8 (741) 0(0) 15.5 (741)
0.1%—2.0% 28.6 (576) 73.2 (2027) 100 (9) 54.5 (2612)
2.1%—5.0% 68.6 (1380) 0 (0) 0(0) 28.8 (1380)
> 5.0% 2.8 (57) 0 (0) 0(0) 1.2 (57)
Nicotine concentration (in %)—continuous
All e-liquids (n = 4790)
Mean (SD) 3.4(1.4) 0.5 (0.4) 1.2(0.7) 1.7 (1.7)
Range 0.3-6.5 0.0-1.8 0.5-2.0 0.0-6.5
E-liquids containing nicotine only
(> 0% nicotine; n = 4049)
Mean (SD) 3.4(1.4) 0.6 (0.4) 1.2(0.7) 2.0 (1.7)
Range 0.3-6.5 0.2-1.8 0.5-2.0 0.2-6.5

Abbreviation: SD, standard deviation.

 Nicotine concentrations that were provided in mg/mL were converted to percentages; 1.0 mg/mL = 0.1%.

b Data were collected for a total of 1746 e-liquid products; however, many of these products were available in multiple
concentrations, resulting in 4790 separate concentrations for analysis.

than freebase e-liquids (0.6%;t,, = 83.2,
p < 0.001; Table 1).

Based on the principal display area of the
e-liquid product packaging that was visi-
ble online, an indication that the product
contained nicotine was available on 63 %
of all e-liquids, the nicotine concentration
was visible on 74% and a health warning
was visible on 59% (Table 2). The propor-
tion of products with labels was greater
when analyses were restricted to nicotine-
containing e-liquids only, such that an
indication that the product contained nic-
otine was available on 66 % of all e-liquids,

the nicotine concentration was visible on
74% and a health warning was visible on
61%. Between e-liquid types, all labelling
was more common among nicotine salt
compared to freebase products (Table 2):
indication that the product contained nic-
otine (all products: %>, = 600.4, p < 0.001;
> 0% nicotine-containing only: x>, = 308.0,
p < 0.001), nicotine content (all products:
x?, = 253.8, p < 0.001; > 0% nicotine-
containing only: ¥?, = 188.4, p < 0.001),
health warning (all products: y*, = 773.9,
p < 0.001; > 0% nicotine-containing only:
%2, = 499.8, p < 0.001).

TABLE 2
E-liquid product packaging indicating the presence of nicotine, nicotine concentration, or
health warning, overall and by nicotine type in the online Canadian retail market, 2020

Visible on e-liquid packaging

Indication of the Nicotine Health
presence of nicotine concentration warnings
% (n) % (n) % (n)
All e-liquids (n = 1746) 63.2 (1103) 73.7 (1284) 58.9 (1025)
Salt (n = 814) 76.5 (623) 81.4 (663) 74.2 (604)
Freebase (n = 929) 51.3 (477) 66.5 (618) 45.0 (418)
Hybrid (n = 3) 100.0 3) 100.0 3) 100.0 3)
(E:ig;iﬂ:;‘;'i’::f':“:g:;‘fgt)ia“e L 66.0 (2674) 74.4 (3014) 60.9 (2464)
Salt (n = 2013) 79.0 (1590) 83.8 (1686) 77.9 (1568)
Freebase (n = 2027) 53.0 (1075) 65.1 (1319) 43.8 (887)
Hybrid (n = 9) 100.0 (9) 100.0 (9) 100.0 (9)

2Data were collected for a total of 1746 e-liquid products; however, many of these products were available in multiple concentra-

tions, resulting in 4790 separate concentrations for analysis.
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E-liquid products were available in a vari-
ety of different flavours, with the three
most common categories being fruit
(43.6%), candy/desserts (27.6%) and
nonalcoholic drinks (12.5%; Figure 2).
The mean nicotine concentration differed
between flavour categories (all products:
Floo2se = 7.1, p < 0.001; > 0% nicotine

= 6.6, p < 0.001) such that
flavours in the category “other” had the
highest mean nicotine concentration,
more than candy or coffee, while men-
thol/mint was higher than candy or
tobacco, and fruit was higher than tobacco
or candy (all p < 0.05; Table 3).

Discussion

In 2020, e-liquids were available in a wide
variety of nicotine concentrations and fla-
vours, demonstrating the diversity of the
vaping product market in Canada. There
were three key findings from this study,
discussed in turn below.

First, the e-liquids available on the market
were evenly split between salt-base and
freebase products, although nicotine con-
centration was higher and more variable
among the salt-base products. In contrast
to the salt-base products, which had nico-
tine concentrations between 0.3% and
6.5%, all freebase products identified in
our study had nicotine concentrations at
or below 2% (20 mg/mL).%* This is consis-
tent with the theory that salt-base formu-
lations are critical for enhancing the
palatability of higher nicotine concen-
trates.® As of 2020, it was estimated that
approximately 30% of all e-liquids in
Canada contained freebase nicotine, com-
pared with 70% containing salt-base nico-
tine; virtually all of the latter contained
more than 20 mg/mL.*® Products without
nicotine are rare: for example, one report
in 2019 suggested that less than 1% of
sales of vaping products at gas and conve-
nience stores in the US were for non-
nicotine  containing products.”?  Our
Canadian data are also consistent with the
shift toward higher-nicotine salt-base
products seen in the US market.*’

Interestingly, three products were labelled
as hybrid e-liquids, with both salt-base
and freebase nicotine. Some consumer
blogs and social media indicate that some
consumers have been mixing salt-base
and freebase nicotine e-liquids to achieve
their desired sensory effects; however,
hybrid products remain rare and have
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FIGURE 2
Summary of e-liquid products by flavour category in Canada, 2020

Mix of tobacco and menthol | 0.3% (6)

Unflavoured 1 0.4% (7)
Clove or other spice | 0.6% (10)
Alcoholic drink (wine, whisky, cocktails, etc.) W 0.8% (14)
Other W 1.0% (17)
Coffee Wl 1.4% (25
Menthol or mint | 4.1% (72)

Tobacco
Non-alcoholic drink (soda, energy drinks, etc.)

Candy, chocolate, desserts, or sweets

I 7 .6% (133)
I 1).5% (219)
I 07 .6% (482)

Fruit (strawberry, mango, cherry, etc.) | 3.6 (761)

0 5 10

15 20 25 30 35 40 45 50

Percentage of e-liquid products (n = 1746)

received little attention in the published
literature.

Second, this study found that nicotine
labelling and health warnings were not
always visible on the packaging on retail-
ers’ online images. Slightly more than half
of the e-liquid product images available
on the websites displayed an indication of

the presence of nicotine, nicotine concen-
tration and health warnings. This con-
trasts with very few e-cigarette products
containing health warnings in 2014.% Salt-
base nicotine products were more likely to
include labelling of nicotine and health
warnings compared to freebase products,
although comparisons must be interpreted
with caution given that not all packaging

TABLE 3

was visible for data collection. In July
2020 (during this study), federal legisla-
tion in Canada mandated exterior packag-
ing labels displaying nicotine concentration
and health warnings on vaping prod-
ucts.’>3® Given that many consumers pur-
chase vaping products through online
retailers,® clear and consistent labelling
practices including labelling displays
online are important to ensure that con-
sumers have adequate information at the
point of purchase.

Third, this study identified a wide range of
e-liquid flavours on the Canadian market.
The most common flavour category was
fruit, consistent with survey data suggest-
ing that fruit is the most popular flavour
among both youth and adult vapers,**1°2!
Despite this, “other” flavours had the high-
est nicotine concentrations. Data suggest
an expansion in the availability of flavours
since 2014, when the only flavour catego-
ries identified were fruit, candy/desserts,
drinks and tobacco,” compared with the
11 flavour categories identified in this
2020 scan. In the US and England, the
availability and liking of e-liquid flavours
have been a primary reason for e-cigarette

Summary of e-liquid products by flavour category and nicotine concentration in Canada, 2020

Nicotine % continuous

Nicotine concentration % categories

E-liquids containing

‘?: :li[;l;ig)s nicotine only
(n = 4049) 0% 0.1%—-2.0% 2.1%-5.0% > 5.0%
Flavour category Mean (SD) Mean (SD) % (n) % (n) % (n) % (n)
Other*? 2.7 (2.0) 3.0 (1.9) 8.8(3) 41.2 (14) 41.2 (14) 8.8(3)
Menthol or mint<¢ 2.0 (1.8) 2.3(1.7) 12.2 (24) 53.3 (105) 32.5 (64) 2.0 (4)
Fruit (strawberry, mango, cherry, etc.)*f 1.8 (1.8) 2.2 (1.8) 14.8 (305) 50.8 (1050) 32.7 (677) 1.7 (36)
Alcoholic drink (wine, whisky, cocktails, etc.) 1.8 (1.9 2.2(1.9) 18.2 (6) 45.5 (15) 33.3 (11) 3.0 (1)
Mix of tobacco and menthol 1.6 (1.3) 1.7 (1.3) 5.3 (1) 68.4 (13) 26.3 (5) 0(0)
Clove or other spice 1.7 (1.5 2.0 (1.5) 12.5 (4) 59.4 (19) 28.1 (9) 0(0)
Nonalcoholic drink (soda, energy drinks, etc.) 1.6 (1.7) 2.0(1.7) 16.2 (104) 55.8 (359) 27.5 (177) 0.53)
Tobacco®® 1.6 (1.5) 1.8 (1.5) 14.1 (60) 63.5 (271) 22.3 (95) 0.2 (1)
Candy, chocolate, desserts or sweets*f 1.4 (1.7) 1.7 (1.7) 17.5 (215) 56.7 (698) 25.2 (311) 0.7 (8)
Unflavoured 1.8 (1.4) 1.6 (1.4) 15.4 (4) 69.2 (18) 15.4 (4) 0(0)
Coffee® 1.4 (1.4) 1.6 (1.6) 19.0 (15) 63.3 (50) 16.5 (13) 1.3 (1)
Total 1.7 (1.7) 2.0 (1.7) 15.5 (741) 54.5 (2612) 28.8 (1380) 1.2 (57)

Abbreviation: SD, standard deviation.

Note: Nicotine concentrations that were presented in mg/mL were converted to percentages; 1.0 mg/mL = 0.1%.

a Games-Howell post hoc comparisons p < 0.05: other vs. candy

® Games-Howell post hoc comparisons p < 0.05: other vs. coffee

¢ Games-Howell post hoc comparisons p < 0.05: menthol/mint vs. candy

4 Games-Howell post hoc comparisons p < 0.05: menthol/mint vs. tobacco

¢ Games-Howell post hoc comparisons p < 0.05: fruit vs. tobacco

f Games-Howell post hoc comparisons p < 0.05: fruit vs. candy
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use among youth,”®* although flavours
can also help adult smokers to quit smok-
ing.'”!® An increasing number of Canadian
provinces are restricting e-liquid flavours,
including Nova Scotia and Prince Edward
Island;** however, the impact of flavour
restrictions on vaping among both adult
smokers and youth remains unclear.

The e-cigarette market continues to
evolve, and new provincial restrictions
have come into force since completion of
this study. For example, Nova Scotia has
banned the sale of all nontobacco fla-
vours, British Columbia has restricted the
sale of nontobacco flavours in stores that
permit minors, and similar restrictions
have been implemented in Ontario for
nontobacco and nonmenthol flavours.™
Future studies should examine how the
industry adapts its products to comply
with these restrictions, as well as the
impact on consumer patterns of use.

Strengths and limitations

This study has important strengths. We
provide the most comprehensive online
scan of the e-cigarette market in Canada
to date, considering 25 popular e-cigarette
brands and using two large national retail-
ers as well as five provincial vape stores
and manufacturer websites. Data were
collected online, where many consumers
purchase their vaping products, thus
enhancing ecological validity. The inter-
rater reliability of the coding protocol was
also high.

However, our findings must be considered
in the light of several limitations. First,
data collection was limited to products
accessible through online retailers (includ-
ing manufacturers), and so the results
may not generalize to the broader
Canadian market (e.g. brick-and-mortar
stores). However, our findings align with
national estimates of sales data on attri-
butes such as flavour profile and nicotine
concentration.>®*  Second, data were
restricted to the information available
from websites and product images and, in
some cases, only a partial view of the
e-liquid’s packaging was available. Many
e-liquids are sold with additional exterior
packaging that may have included details
relevant to the study, but were not shown
on the website. Thus, we are unable to
establish the extent to which e-liquids
complied with regulations. Third, nicotine
concentrations expressed in mg/mL were
assumed to be equivalent to nicotine

Vol 42, No 1, January 2022

concentrations expressed as percentages
(e.g. 20 mg/mL = 2.0%). However, in
practice, these numbers are not always
equivalent; for example, JUULs leading
formulation of 59 mg/mL is labelled as
5.0% nicotine. Fourth, reliability checks
were only performed on 10% of the data.

Conclusion

Our findings demonstrate the diversity of
e-liquids available in the Canadian market
including the availability of higher-
concentration salt-base nicotine products.
Findings also suggest that regulations
restricting flavours will restrict the vast
majority of products sold online in
Canada, while Health Canada’s proposed
restrictions limiting nicotine concentra-
tions to 20 mg/mL or less would predomi-
nantly restrict salt-based e-liquids. Future
research should evaluate the impact of
these restrictions on the product market
as well as patterns of consumer use.
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Abstract

Introduction: Changes to federal legislation allowed nicotine-based e-cigarettes legal
entry into the Canadian market in 2018. This included pod-type e-cigarettes (pods),
such as JUUL, that were later found to be associated with steeply increasing prevalence
and greater frequency of e-cigarette use among US and Canadian youth. Multiple stud-
ies of risk factors of JUUL use and use initiation have been conducted among various
population groups in the US, but little evidence exists pointing to similar risk factors of
pod use among Canadian youth and young adults. Understanding these risk factors can
inform use prevention and intervention strategies in Canadian and other jurisdictions.

Methods: A total of 668 Canadian youth and young adults recruited by the 2018-19
Youth and Young Adult Panel Study were provided a baseline survey 3 months before
and a follow-up survey 9 months after the relaxation of federal nicotine e-cigarette regu-
lations. We used multivariable logistic regression to understand and rank importance of
baseline predictors of future pod use among respondents.

Results: Past-month cannabis use (OR [odds ratio] = 2.66, 95% CI: 1.66-4.21, p < 0.001),
established cigarette use (OR = 3.42, 1.53-7.65, p < 0.01), past cigarette experimenta-
tion (OR = 2.40, 1.34-4.31, p < 0.01), having many friends who vaped (OR = 2.15,
1.37-3.34, p < 0.001), age below 18 compared to age over 22 (OR = 5.26, 2.63-10.00,
p < 0.001) and male sex (OR = 1.69, 1.16-2.50, p < 0.01) were significant and the
most influential predictors of future pod use.

Conclusion: Similar factors drove pod use among Canadian and US youth and young
adults. Appropriate preventive strategies can benefit from considering polysubstance
use among high school-aged youth.

Keywords: vaping, nicotine, electronic nicotine delivery systems, risk factors, Canada,
young adult, adolescent, cannabis

of e-cigarette use: in 2019, the proportion
of a national sample of Canadian youth
aged 16 to 19 who indicated vaping for 20
days or more in the past month was more
than three times the proportion in 2017.3
The proportion of Canadians aged 15 to
19, 20 to 24 and 25 and up indicating they

Introduction

In May 2018, the Tobacco and Vaping
Products Act allowed nicotine-based e-
cigarettes legal entry into the Canadian
market without requiring premarket
approval.! Market liberalization was

Highlights

e Cannabis use, cigarette smoking or
past experimentation, male sex,
age below 18 and having friends
who vape all significantly increased
the likelihood that a Canadian
youth or young adult in our sam-
ple was to use pod-type nicotine
e-cigarettes such as JUUL after the
products legally entered the Canadian
market in mid-2018.

e These factors have also been iden-
tified either as predictors of future
pod use or characteristics of cur-
rent pod users in various US
studies.

accompanied by increased exposure to
e-cigarette promotion among Canadian
youth between 2017 and 2019.2 It also
coincided with the beginning of sharp
increases in the prevalence and frequency

vaped in the past month remained roughly
constant between 2019 and 2020.%5

With its lightweight and ultraportable
design, the latest-generation e-cigarette

device, namely the pod-type e-cigarette
(“pod”), is engineered for convenient
use.® A combined free-nicotine and nico-
tine salt-based formulation helps increase
efficiency of nicotine delivery by reducing
its harsh impact on the upper respiratory
system, potentially enabling repeated and
increased nicotine intake and facilitating
dependence.”® The most well-known pod
brand, JUUL, accounted for nearly 80% of
the retail e-cigarette market in the United
States by the end of 2018.° In a nationally
representative longitudinal sample of US
youth and young adults, JUUL use and
more frequent e-cigarette use both
increased significantly between 2018 and
2019." Similar findings resulted from
repeat national samples of Canadian ado-
lescents, wherein 17.7% of past-30-day
e-cigarette users indicated using JUUL in
2019, compared to 10.3% in 2018.7

Upward trends in frequency of vaping add
to the severity of the risks e-cigarettes
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pose to youth and young adults. Daily use
of psychoactive or rewarding substances
and use on a high proportion of days are
associated with dependence, decreased
probability of quitting and increased risk
of any adverse health effect due to dose.
These links are well demonstrated for cig-
arette smoking™!? and increasingly dem-
onstrated with e-cigarettes.!

Understanding predictors of initiation of
pod use can help identify groups of youth
at high risk of frequent exposure to nico-
tine via e-cigarettes. Previous studies of the
correlates of JUUL use among US youth
and subpopulations have identified ciga-
rette use,'®*15> lJower harm perception,'*°
sensation seeking,'®* peers’ and house-
hold members’ use,'®!*17 flavour appeal,"”
higher socioeconomic status,*!>18 younger
age,'*’® male sex!® and White ethnic back-
ground.!*!® However, cross-sectional stud-
ies cannot assess the temporality of risk
factor and outcome association where it is
relevant and make it difficult to identify
risk factors of future use.”

Peer tobacco use and cannabis use have
been identified as predictors of JUUL and
other e-cigarette initiation in a 2017/18
cohort of Texas adolescents.?® Exposure to
advertisements, cigarette use and lower
perception of harm have been identified
as predictors of future JUUL use in a 2018
cohort of young adults enrolled in colleges
in North Carolina and Virginia.?

The Youth and Young Adult Panel Study
collected data from Canadian youth and
young adult e-cigarette users and non-
users in March 2018 and again in a follow-
up survey in March 2019. The legislative
changes occurred in May 2018, during the
period between the administration of the
baseline and follow-up surveys.! This tim-
ing provided us a unique opportunity to
identify risk factors of pod use in a popu-
lation that was relatively naive to pod-
type e-cigarettes, and to compare them
with findings about high-risk population
groups in the US.

Methods
Setting and participants

The Youth and Young Adult Panel was a
longitudinal study aiming to track pat-
terns of e-cigarette use among Canadian
residents aged 16 to 25 years during an
18-month period, and has been described
elsewhere.”> Most participants were

Vol 42, No 1, January 2022

recruited using social media, including
Instagram, Reddit and Google Ads, while
4% were recruited from a recontact list
obtained from Leave the Pack Behind, a
provincially funded program offering ces-
sation support and services.

Data were collected using purposive sam-
pling to ensure 60%/40% distribution of
regular and irregular/never e-cigarette
users and an adequate sample of hard-to-
reach youth and young adult age ranges.
To ensure this quota criterion was met,
the following question was asked during
screening: “In the past 4 weeks, did you
vape e-cigarettes every week?” Those who
responded “Yes” were considered part of
the regular quota while those who
responded “No” were considered part of
the irregular quota. Multilingual partici-
pants were eligible if they could complete
the online survey in English.

The panel enrolled 1048 participants at
baseline, of which 578 were regular e-
cigarette users. Of the baseline participants,
18 unsubscribed and 65% (668/1030) of
the remaining participants responded to
the 12-month survey. All eligible partici-
pants received a $10 e-gift card honorar-
ium and a chance to win one of two $250
gift cards.

Variables

Outcome measures

Respondents to the 12-month follow-up
survey were asked if they had “used a pod
system or pod vape that uses pods or car-
tridges and may look like a flash drive
(e.g. JUUL, myblu, Vype, Logic, Breeze 2,
etc.)” in the last six months. Given the
dates of introduction of these devices, pod
or cartridge device use at follow-up
reflected use of these devices after their
legal and widespread introduction to the
market in the context of the study.

Potential predictors of pod use considered

Baseline predictors examined were:
reported importance of the intention to
quit or to reduce smoking in the decision
to vape; reported importance of flavours
in the decision to vape; sensation seeking;
perception of risk of vaping regularly with
nicotine; cannabis use in the past month;
frequency of e-cigarette use; smoking sta-
tus; proportion of friends who vape; past-
month exposure to billboard, gas station
or outdoor vaping advertisement; past-
month exposure to TV, radio or online

vaping advertisement; age group; sex; and
province or territory of residence.

Sensation seeking was assessed by asking
participants whether they agreed or dis-
agreed with the statement, “I like new and
exciting experiences, even if I have to
break the rules.” Responses were divided
in two categories for analysis (Strongly
agree/Somewhat agree, Strongly disagree/
Somewhat disagree/Neither). Participants’
responses about perception of risk of reg-
ularly vaping with nicotine were divided
into two categories (Great risk/Moderate
risk, No risk/Slight risk/Unknown risk).
Smoking status was divided into five cate-
gories. Current smokers were self-reported
current smokers and had smoked at least
100 cigarettes during their lifetime, while
current experimenters were smokers who
had smoked fewer than 100 cigarettes. Past
experimenters and former smokers were
nonsmokers who had smoked fewer or
more than 100 cigarettes, respectively, in
the past. Never smokers had never tried
cigarettes.

Responses to “How often do you vape?”
were divided into three categories (Daily/
Almost daily, At least weekly/At least
monthly, Less than monthly/Never).
Responses to “proportion of friends who
vape” were divided into two categories
(None/Some, Many).

Age was categorized for analysis into three
categories based on typical age brackets for
high school-aged, postsecondary-aged and
older individuals (15-17, 18-21, 22-26).
Provinces and territories of residence were
categorized into three separate provinces
(Ontario, Alberta, British Columbia) while
a fourth category included the remaining
provinces and territories (Other).

Analysis

We fitted a predictive multivariable model
to identify the most influential predictors
of future pod use among participants in
our sample. Steps were guided by Harrell’s
generic predictive model-building strat-
egy.” We considered all a priori predic-
tors, obtained standard effect size
estimates for the predictor variables and
validated the rank position of influence of
each predictor.

The response indicating frequency of vap-
ing was missing in 21% (140/668) of
observations, proportion of friends who
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vape was missing in 13 %, smoking status
in 7%, sensation seeking in 2% and risk
perception in 1%. We used multiple impu-
tation to obtain less biased and valid esti-
mates despite missing predictor data.* We
did this by applying the semiparametric
predictive mean matching approach and
bootstrapping to create a set of imputa-
tions as described by Harrell.?>*¢ We used
all the variables in the final model to cre-
ate 23 imputations, given that 22.8%
(152/668) of observations had one or
more missing values.*® Five logistic regres-
sion models were created using completed
datasets and all five sets of coefficients
averaged to produce effect estimates.*

Age was treated as a categorical variable
due to interest in nonarbitrary cutoff
points that divided participants into typi-
cally high school-aged, postsecondary-
aged and older individuals with narrow
age ranges within categories. The number
of predictors included was maintained
below m/15 where m = min (N,
sucome—g) - Variance inflation factors
were used to assess multicollinearity.
Predictor influence was ranked based on
the difference between Wald chi-square
values and predictor degrees of freedom
(df). The ranking process was boot-
strapped to obtain 95% confidence inter-
vals (CIs) containing the true rank
measure.” Model validation was per-
formed with 1000 bootstrap resamples
with replacement to assess overfitting.?

The magnitudes of association between
predictors remaining in the model and the
likelihood of participants using a pod
within six months before filling out the
follow-up survey were reported as odds
ratios (ORs) with 95% CIs. All analyses
were conducted in R version 4.0.3 (R
Foundation for Statistical Computing,
Vienna, Austria).

Results
Sample characteristics

Table 1 presents the demographic charac-
teristics of the sample, baseline measures
of vaping and other substance use charac-
teristics, and remaining potential predic-
tive factors considered in the analysis. Of
the 668 respondents who provided base-
line and 12-month survey data, 59.3%
(396/668) indicated that they used a pod
at some point within six months before
responding to the follow-up survey. The
composition of sex (> = 9.42, p < 0.01,
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TABLE 1

Participant characteristics of 2018-19 Youth and Young Adult Panel Study participants

Variable

Incomplete respondents

(N =380) (%)*

Complete respondents
(N = 668) (%)*

Pod use within 6 months before follow-up

No
Yes

Baseline sociodemographic characteristics

Sex
Male
Female
Province/territory
Ontario
Alberta
British Columbia
Other®
Age group
15-17
18-21
22-26

Baseline substance use

Smoking status
Current smoker
Current experimenter
Former smoker
Past experimenter
Never smoker
Missing

Past-month cannabis use
No
Yes

Vaping frequency
Daily or almost daily
Weekly or monthly
Less than monthly or never
Missing

Other baseline vaping-related characteristics

Importance to decision to vape
Flavours
No
Yes
Attempt to quit/reduce smoking
No
Yes

281 (74)
99 (26)

171 (45)
63 (17)
67 (18)
79 (21)

161 (42)
186 (49)
33 (9)

62 (16)
36 (9)
42 (11)
68 (18)
171 (45)
1(0.3)

204 (54)
176 (46)

162 (43)
120 (32)
59 (16)
39 (10)

191 (50)
189 (50)

294 (77)
86 (23)

272 (41)
396 (59)

417 (62)
251 (38)

335 (50)
115 (17)
111 (17)
107 (16)

286 (43)
289 (43)
93 (14)

90 (13)
42 (6)

72 (11)

104 (16)

353 (53)
7 (1)

452 (68)
216 (32)

244 (37)
165 (25)
119 (18)
140 (21)

357 (53)
311 (47)

554 (83)

114 (17)

Continued on the following page
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TABLE 1 (continued)
Participant characteristics of 2018-19 Youth and Young Adult Panel Study participants

Variable

Incomplete respondents

Complete respondents

(N =380) (%)* (N = 668) (%)*

Perceived risk of regular vaping with nicotine
Moderate risk/great risk
No risk/slight risk/do not know
Missing

Baseline psychosocial/environmental factors

Proportion of friends who vape
None/some
Many
Missing
Past-month outdoor exposure to advertisements
No
Yes
Past-month media exposure to advertisements
No
Yes

Like new and exciting experiences, even if have to break rules

Strongly agree/somewhat agree

Do not agree/strongly disagree/
somewhat disagree

Missing

223 (59) 438 (66)
156 (41) 229 (34)
1(0.3) 1(0.1)
180 (47) 414 (62)
196 (52) 241 (36)
4 (1) 13 (2)
175 (46) 273 (41)
205 (54) 395 (59)
185 (49) 293 (44)
195 (51) 375 (56)
249 (66) 417 (62)
129 (34) 249 (37)
2(0.5) 2(0.3)

Notes: Similar predictors have been grouped for easier understanding. In total, 668 youth and young adults responded to both
the baseline survey and the 12-month survey, while 380 youth and young adults responded only to the baseline survey.

2 Percentages may not total 100, due to rounding.

b This category includes all remaining provinces and territories, including 5.8% of 668 follow-up respondents from the Atlantic
provinces, 4.2% from Saskatchewan, 3.0% from Quebec, 2.7% from Manitoba and 0.3% from Yukon.

df = 1), past-month cannabis use
(x2 = 14.07, p < 0.001, df = 1) and pro-
portion of participants’ friends who vaped
(> = 12.83, p < 0.001, df = 1) differed
significantly among the 668 follow-up
respondents compared to the total 1048
respondents at baseline.

Full model

Table 2 presents results from the multi-
variable logistic regression model fit to
predict likelihood of using a pod between
6 and 12 months after filling out the base-
line survey. All variance inflation factors
were below 10 and did not indicate multi-
collinearity. With a concordance statistic
of 0.81 and, after correcting for overfitting,
0.79, the model’s predictive discrimina-
tion suggests some utility in predicting
individual subject responses?” and only a
small degree of overfitting (corrected
C-index 95% CI: 0.76-0.83).

Respondents who, in the baseline survey,
indicated using cannabis in the past

Vol 42, No 1, January 2022

month had significantly greater odds of
using a pod in the future than those who
did not; those who indicated vaping daily
or almost daily had significantly greater
odds of using a pod in the future than
those who indicated not vaping or vaping
less than monthly; those who indicated
that “many” of their friends vaped had
greater odds than those who indicated
“none” or “some” of their friends vaped;
those who agreed they liked new experi-
ences even if they had to break the rules
had greater odds than those who did not.
Typically postsecondary-aged and older
participants both had lower odds of using
a pod in the future compared with those
under 18.

Male sex predicted significantly greater
odds of future pod use. Current estab-
lished smokers and past experimenters
each had greater odds of using a pod in
the future than respondents who had
never smoked.

In order, the most important baseline pre-
dictors in the top five highest ranks, where
1 is the most important predictor, are age
group, smoking status, past-month canna-
bis use, proportion of friends who vaped
and male sex (Figure 1). The 95% ClIs of
the ranks of smoking status and age group
do not overlap with the CIs of the rank of
outdoor advertisement exposure nor of
the rank of vaping to quit or reduce smok-
ing. The 95% CIs of all five important pre-
dictors overlap with all remaining
predictors (Figure 1).

Discussion

We found cannabis use, peer influence on
vaping, age, sex and smoking status to be
among the more important predictors of
future pod use among the respondents in
our sample. This is in line with previous
research on correlates of pod use, which
included male sex, co-use of cigarettes,
younger age and peers’ use, and previous
research on predictors of future pod use,
including co-use of cigarettes, peers’ use,
and cannabis use.

Although this study did not assess the
prevalence of polysubstance use in its
panel of participants, it is important to note
that the prevalence of the phenomenon has
been increasing among Canadian youth.
The proportion of substance-using students
indicating use of multiple substances rose
from 40% in 2013 to over 50% between
2017 and 2018.® E-cigarette use drove
much of this increase between 2017 and
2018,” and, in a sample of over 74 000
Canadian high school students, e-cigarettes
were the substance most often combined
with others.’® These results are significant,
considering evidence linking polysubstance
use among adolescents with a myriad of
poor health and education outcomes,* and
in the aftermath of cannabis legalization
for Canadian adults in 2018.%

Cannabis was legalized during the study
period, and this may have affected the
association between cannabis use and
future pod use. However, studies in various
legal environments across multiple Western
countries have found an association
between cannabis and e-cigarette use.*
Although many of these longitudinal stud-
ies have found an association in the oppo-
site  direction, with e-cigarette use
predicting future cannabis use, bidirec-
tional effects have also been found in a US
college sample.®
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TABLE 2

Full multivariable logistic regression model predicting pod-type e-cigarette

device use, 2018-19 Youth and Young Adult Panel Study

Predictors O(gg:/or:l:tli)o p-value
Intercept 0.75 (0.55-1.02) 0.3782
Age group (years)
15-17 1.00 (ref) =
18-21 0.63 (0.41-0.98)" 0.0391
22-26 0.19 (0.10-0.38)™* < 0.0001
Sex
Male 1.00 (ref) —
Female 0.59 (0.40-0.86)™ 0.0061
Province/territory
Ontario 1.00 (ref) —
Alberta 1.42 (0.85-2.39) 0.1813
British Columbia 0.86 (0.51-1.45) 0.5833
Others? 0.85 (0.50-1.46) 0.5633
Vaping-related characteristics
Importance to vaping of flavours
No 1.00 (ref) —
Yes 1.38 (0.90-2.10) 0.1407
Importance to vaping of attempt to quit/reduce smoking
No 1.00 (ref) —
Yes 1.05 (0.52-2.09) 0.8969
Regular nicotine vaping risk perception
No risk/slight risk/do not know 1.00 (ref) —
Moderate risk/great risk 0.80 (0.51-1.24) 0.3114
Vaping frequency at baseline
Less than monthly or never 1.00 (ref) —
Weekly or monthly 1.47 (0.83-2.60) 0.1823
Daily or almost daily 2.25 (1.14-4.44)" 0.0189
Polysubstance use
Past-month cannabis use
No 1.00 (ref) —
Yes 2.66 (1.66—4.21)"" < 0.0001
Smoking status
Never smoker 1.00 (ref) —
Current experimenter 2.20 (0.86-5.57) 0.0983
Former smoker 0.83 (0.37-1.86) 0.6479
Past experimenter 2.40 (1.34-4.31)" 0.0034
Current smoker 3.42 (1.53-7.65)" 0.0027
Psychosocial and environmental factors
Past-month outdoor exposure to advertisements
No 1.00 (ref) —
Yes 1.35 (0.88-2.00) 0.1706

Continued on the following page
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Our results are also significant because
they favour a holistic approach to sub-
stance use problems among youth over
singling out a particular substance for
control and prevention efforts. Preventive
approaches involving school support and
good quality parental connection have
been implicated in the literature as worth-
while interventions for polysubstance
use.’® High school-aged youth had greater
odds of pod use than older individuals,
revealing the appeal of these devices in
this demographic.” Consistent with previ-
ous US findings,*® we found that peer use
also predicted future pod use, underscor-
ing the need for substance use interven-
tions that target communities, such as
those found in schools.

We found that current, established smok-
ers and past experimenters were more
likely to initiate pod wuse once they
appeared prominently in the market than
those who had never smoked. Whether or
not respondents were attempting to quit
or reduce smoking was a significantly less
influential predictor, supporting research
that found that pods appealed signifi-
cantly to Canadian youth, who are not
likely to be trying to quit smoking.>”

A previous longitudinal cohort study dis-
covered a 655% growth in prevalence of
dual cigarette and e-cigarette users in a
sample of Alberta and Ontario secondary
school students.** This result is important,
considering the greater risk of higher fre-
quency cigarette and e-cigarette use
among dual users compared to exclusive
e-cigarette or cigarette users, and adds to
concerns about nicotine dependence
among youth.** The finding is also impor-
tant because dual cigarette and e-cigarette
users in another sample of Canadian sec-
ondary students were more likely to use
cannabis, alcohol and other drugs with
greater frequency,* adding to earlier con-
cerns about potential polysubstance use.*

Contrary to other research findings, how-
ever, future pod use was not predicted by
low or unknown perceived risk of nicotine
vaping,'*'® nor by exposure to advertise-
ments.>?! The latter may be because
respondents’ exposure to marketing was
assessed in the baseline survey three
months before nicotine e-cigarette market-
ing regulations were relaxed by a change
in the Tobacco and Vaping Products Act.**
Indeed, though our study did not find an
effect of advertising exposure, prior find-
ings about the likely effect of e-cigarette
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TABLE 2 (continued)
Full multivariable logistic regression model predicting pod-type e-cigarette
device use, 2018-19 Youth and Young Adult Panel Study

0Odds ratio

Predictors 95% Cl) p-value

Past-month media exposure to advertisements

No 1.00 (ref) —

Yes 0.93 (0.61-1.43) 0.7319
Proportion of friends who vape

None/some 1.00 (ref) —

Many 2.15 (1.37-3.34)™ 0.0009
Sensation seeking (like new and exciting experiences, even if have to break rules)

Do not agree/strongly disagree/somewhat disagree 1.00 (ref) =

Strongly agree/somewhat agree 1.47 (1.00-2.17) 0.0527

Abbreviation: Cl, confidence interval.
Note: Model based on the 668 participants who responded to both the baseline survey and the 12-month survey.

2 This category includes all remaining provinces and territories, including 5.8% of 668 follow-up respondents from the Atlantic
provinces, 4.2% from Saskatchewan, 3.0% from Quebec, 2.7% from Manitoba and 0.3% from Yukon.

p<0.05
*p<0.01
**p <0.001

FIGURE 1
Rank measures® and associated bootstrapped 95% rank Cls for model predictors
of pod use, 2018-19 Youth and Young Adult Panel Study

Vaping to quit or reduce smoking - *

Vaping frequency - - -

Smoking status

Sex ° o

Sensation seeking — ° -

Province ° =

Proportion of friends who vape — -

Predictor

Perceived risk of nicotine vaping . =

Past-month cannabis use ° -

Outdoor advertisement exposure — =

Motivation by flavours — -

Media advertisement exposure —| =
Age group

{

2 4 6 8 10 12
Rank

Abbreviation: Cl, confidence interval.
Note: Model based on the 668 participants who responded to both the baseline survey and the 12-month survey.

 Rank measures are calculated based on the difference between the Wald chi-square statistic and predictor degrees of freedom.
They are shown in descending order, with 1 being the highest rank and 13 the lowest.
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marketing on prevalence of e-cigarette use
among Canadian youth were credible
enough to have resulted in a federal ban
on promotion that may be viewed by
youth as of July 2020.%3¢

Numerous other bans have been put into
effect in various provinces, including bans
on flavours,** retail sales other than in
specialty vape stores,** liquids with nico-
tine concentrations exceeding 20 mg/mL3"*
and point-of-sale advertising. Other regu-
latory changes include higher taxes,
higher minimum sales age,* and packag-
ing restrictions.* It is expected that these
changes contributed to plateauing
national rates of e-cigarette use in 2020*
and will likely continue to have an impact
in the future. However, there is significant
variation in provincial regulation, with
only some changes implemented in each
jurisdiction, making it important for pub-
lic health to continue health promotion
efforts to curb use among youth.

Strengths and limitations

Our panel study and its timing allowed us
to draw more robust conclusions about
differences in youth who did and did not
choose to use pods after changes in fed-
eral legislation. Our study drew from a
large sample of Canadian youth and young
adults from across Canada and from com-
prehensive surveys that allowed multiple
potential risk factors to be studied. These
surveys addressed various psychosocial,
motivational and substance use-related
risk factors, and, unlike most large, popu-
lation-based surveys, were engineered spe-
cifically to study e-cigarette use.

Limitations included the use of a sample
of youth and young adults that was not
representative of the national population,
limiting generalization of results across
the country. Over 35% of baseline survey
respondents did not respond to the
12-month survey, possibly introducing
selection bias and further limiting general-
ization beyond our sample. Obtaining par-
ticipants from a smoking cessation service
recontact list might have resulted in over-
sampling from the subgroup of youth who
are current or former smokers and could
potentially have introduced bias. However,
only 4% of all respondents at baseline
were recruited using this list.

Conclusion

Like previous studies, ours supports the
assertion that pod-type e-cigarette devices
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with high nicotine concentration are popu-
lar among adolescents who have used can-
nabis and who are not primarily attempting
to quit or reduce cigarette use. Our findings
support previous recommendations that
prevention efforts be targeted at communi-
ties, especially schools, and at polysub-
stance and cannabis use among youth and
young adults. Because our findings parallel
those in some US populations, public
health in other jurisdictions may benefit
from these considerations, especially those
where youth polysubstance or cannabis
use is significant, and where high-nicotine
e-cigarettes are either currently legal or will
soon enter the marketplace.
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Abstract

Introduction: We developed separate random forest algorithms to predict e-cigarette
(vaping) ever use and daily use among Ontario youth, and subsequently examined pre-
dictor importance and statistical interaction.

Methods: This cross-sectional study used a representative sample of Ontario elementary
and high school students in 2019 (N = 6471). Vaping frequency over the last 12 months
was used to define ever-vaping and daily vaping. We considered a large set of individual
characteristics as potential correlates for ever-vaping (176 variables) and daily vaping
(179 variables). Using cross-validation, we developed random forest algorithms and
evaluated model performance based on the C-index, a measure to assess the discrimina-
tory ability of a model, for both outcomes. Further, the top 10 correlates were identified
by relative importance score calculation and their interaction with sociodemographic
characteristics.

Results: There were 2064 (31.9%) ever-vapers, and 490 (7.6%) of the respondents were
daily users. The random forest algorithms for both outcomes achieved high perfor-
mance, with C-index over 0.90. The top 10 correlates of daily vaping included use of
caffeine, cannabis and tobacco, source and type of e-cigarette and absence in last 20
school days. Those of ever-vaping included school size, use of alcohol, cannabis and
tobacco; 9 of the top 10 ever-vaping correlates demonstrated interactions with
ethnicity.

Conclusion: Machine learning is a promising methodology for identifying the risks of
ever-vaping and daily vaping. Furthermore, it enables the identification of important
correlates and the assessment of complex intersections, which may inform future longi-
tudinal studies to customize public health policies for targeted population subgroups.

Keywords: machine learning, vaping, smoking, Ontario, youth

Highlights

e This study applied a machine
learning methodology that allowed
the inclusion of a wide range of
correlates in tobacco research
among youth.

e The top 10 correlates of daily vap-
ing included use of caffeine, can-
nabis and tobacco, source and type
of e-cigarette and absence in last
20 school days. Those of ever-vap-
ing included school size, and use
of alcohol, cannabis and tobacco.

e Future longitudinal studies could
verify the most important corre-
lates of ever-vaping and daily
vaping identified,  potentially
informing policies to prioritize
strategies for issues related to sub-

stance use.
e Analysis of interactions quantified
interaction  strengths  amongst

important correlates and socio-
demographic characteristics, which
could be further explored by future
longitudinal studies.

Introduction

Research has shown that the prevalence of
vaping nicotine increased rapidly among
North American youth aged 16 to 19 years
from 2017 to 2018.! In particular, the
ever-vaping percentage increased from
29.3% to 37.0%, and the percentage of
vaping in the past 30 days increased from
8.4% to 14.6% among youth in Canada.
Youth are also increasingly reporting

symptoms of vaping dependence, defined
as “the constellation of behaviors and
symptoms that are distressing to the user
and promote the compulsive use of vaping
due to nicotine and non-nicotine fac-
tors.”2P257A prospective cohort study sug-
gests that vaping dependence is potentially
related to future tobacco use persistence
and escalation among Grade 12 students
in the US.? As of 2020, approximately 3000
hospitalizations and deaths reported by

the US Centers for Disease Control and
Prevention (CDC) were linked to use of
vaping products.*

Previous studies of vaping dependence,
including those that used validated scales
such as the PROMIS-E and the Penn State
Electronic Cigarette Dependence Index,
have attributed the rise of vaping depen-
dence symptoms to older age, longer
duration of use, greater vaping frequency,
higher nicotine concentrations and cur-
rent cigarette smoking.>® However, these

Author references:

1. Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada
2. Institute for Mental Health Policy Research, Centre for Addiction and Mental Health, Toronto, Ontario, Canada
3. Institute of Health Policy, Management and Evaluation, Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada

Correspondence: Michael Chaiton, Institute for Population Mental Health Research, Centre for Addiction and Mental Health, Toronto, ON M5T 1R8; Tel: 416-535-8501;

Email: Michael.Chaiton@camh.ca

Vol 42, No 1, January 2022

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice



mailto:michael.Chaiton@camh.ca
http://twitter.com/share?text=%23HPCDP Journal – A %23machinelearning approach to predict %23ecigarette use and dependence among %23Ontario youth&hashtags=vaping,PHAC&url=https://doi.org/10.24095/hpcdp.42.1.04
https://doi.org/10.24095/hpcdp.42.1.04


studies have limitations associated with
traditional statistical regressions. The use
of p-values to select features for model
building based on statistical significance
may limit insight into predictors not
selected. Moreover, as vaping dependence
may correlate with a wide variety of char-
acteristics, it can be challenging for a
regression model to completely capture
these complex relationships. This com-
plexity can further limit study findings
with statistical issues such as multicol-
linearity and overfitting.

To address the aforementioned limita-
tions, we applied a machine learning
approach in this study. Machine learn-
ing—defined as “a group of data-driven
analytical methods that rely on computa-
tional power to perform statistical
tasks””P1317_is an emerging technique
found in health research.®!" Compared to
conventional statistical methods, machine
learning may prove better able to make
accurate predictions, with proper guide-
lines to mitigate risks of overfitting.'”> We
use the machine learning definition of
“predictor” throughout this paper to refer
to a prediction model; it does not necessar-
ily imply a temporal or causal relationship.

This methodology focusses on the vari-
ables that are most “important” to predic-
tion in terms of improving the
performance of the model area under the
curve (AUC) of the receiver operating
curve (ROC), rather than relying on esti-
mates of variance and p-value hypothesis
testing. Although there are studies that
have applied machine learning methods
such as classification trees' and random
forest' in tobacco research, a recent scop-
ing review suggested that these applica-
tions are rarely linked to public health
impacts.'®

Thus, the aim of our study was to investi-
gate further ever-vaping and daily vaping
(as a proxy for vaping dependence)
among the youth population, using
machine learning methods with interpre-
table findings. In particular, our objectives
were to develop machine learning algo-
rithms that predict both ever-vaping and
daily vaping among Ontario youth, and to
perform post hoc analysis including rank-
ing the importance of individual risk fac-
tors on both outcomes and illustrating
statistical intersections to identify particu-
larly susceptible youth subgroups.

Health Promotion and Chronic Disease Prevention in Canada
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Methods
Data and participants

This study used data from the 2019
Ontario Student Drug Use and Health
Survey (OSDUHS), which included
responses from 14 142 students from 992
classes in 263 elementary or secondary
schools from 47 Ontario school boards.!®
The OSDUHS had a complex survey sam-
pling design—schools were clustered
within the 26 geographical strata. There
were four different questionnaire types in
total. We obtained a total of 6471 respon-
dents after including only the survey types
that contained the question “In the last 12
months, how often did you smoke e-ciga-
rettes?” and excluding students who did
not respond to this question. The sample
used to examine daily vaping was limited
to ever-vapers, including a total of 2064
respondents.

Measures

Outcome

We created binary outcome variables to
represent daily vaping and ever-vaping
using the same survey question.
Participants who reported never having
used an e-cigarette in their lifetime were
“never-vapers,” while others were “ever-
vapers.” Participants who vaped at least
daily were classified as vaping dependent.
Those who did not meet this criterion
were considered to be participants with-
out daily vaping.

Potential determinants

We regarded 179 and 176 variables cap-
turing person-level characteristics as
potentially predicting daily vaping and
ever-vaping, respectively'® (see the
Appendix at https://osf.io/x36p8/ for full
list of wvariables.) These variables
described administrative information,
demographics, school life, family life,
physical health, mental health, driving
behaviours, experience of having been a
passenger with an intoxicated driver, vap-
ing behaviours, substance use, percep-
tions and exposures, sociodemographic
characteristics and other risk behaviours
of substance use. We excluded any vari-
ables that were conditional on either daily
vaping or ever-vaping based on survey
design (i.e. questions that were condi-
tional on having ever vaped were not
included as predictors of ever-vaping). We
collapsed levels of several variables to
facilitate subsequent analysis. Numeric

variables were scaled using z-score nor-
malization prior to model building.

Analysis

Descriptive statistics and imputation of
missing values

We summarized demographic characteris-
tics of the respondents and prevalence of
ever-vaping and daily vaping. Over 90%
of the variables had missingness lower
than 5% or between 5% and 10%. A vari-
able describing different types of special
education had 10% missingness.
Categorical variables were either collapsed
with their reference levels or available
options representing uncertainty of how
to respond. We imputed the missing value
as the median for all numeric variables.

Random forest algorithm

Using the R version 3.6.3 package
“caret,”’” we developed a random forest
algorithm—an ensemble machine learn-
ing algorithm formed by a large number of
classification trees—to classify respon-
dents of primary outcomes.'® For instance,
in the algorithm of daily vaping, each tree
classified respondents either as being
daily vapers or as not being daily vapers.
When all the class predictions from trees
were summed, the class with the majority
of votes became the prediction of the ran-
dom forest. This “wisdom of the crowd”
approach had the potential to make the
random forest a highly accurate and
robust algorithm for prediction.”

Development and validation of a random
forest for daily vaping and ever-vaping

We included all the candidate predictors
to train the model, excluding variables
that were conditional on the outcome (i.e.
we excluded questions for ever-vaping
that were only asked to students who
vaped). Using a ratio of 7:3, we randomly
split the dataset into a training set
(n = 1612 or 4680) and a test set (n = 691
or 2006) for the sample to classify daily
vaping and ever-vaping. Both ever-vaping
and daily vaping were imbalanced. To
facilitate model training efficiency, we
performed a Synthetic Minority Over-
sampling Technique (SMOTE) procedure
on the training data to reach two balanced
samples for model training.*® In a 10-fold
cross-validation procedure during model
training, the dataset was randomly parti-
tioned into 10 equally sized subsamples.
At each iteration, nine subsamples were
used to train the model, while the one
subsample retained was used to validate
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the model. The above procedure was
repeated 10 times. To evaluate model per-
formance, we reported accuracy, sensitiv-
ity, specificity and AUC regarding the
classification of daily vaping and ever-
vaping on the test set. We considered the
average performance of the 10 iterations
as overall performance of the model. AUC
exceeding 0.80 represented good dis-
criminatory ability, a common threshold
for classification models.*

Ranking of individual risk factors of daily
vaping and ever-vaping

To identify the top 10 correlates of daily
vaping and ever-vaping, we ranked all of
the correlates based on scaled relative
importance scores (0-100)—a measure
calculated from total loss of accuracy due
to exclusion of a correlate for every tree
divided by the total number of trees.?>%
One-way partial dependence plots of the
top 10 correlates were used to understand
their marginal effects on the predicted
risks of daily vaping and ever-vaping,
while other correlates were kept con-
stant.** A partial dependence plot of one
correlate illustrated probabilities of out-
comes, given different values of that cor-
relate. The higher the probability, the
greater the risk of outcome observed
under the influence of that correlate.
These methods were applied to sociode-
mographic characteristics as well.

Exploration of interactions

We examined two-way interactions of the
top 10 correlates identified and sociode-
mographic correlates that can robustly
predict inequities of smoking-related out-
comes.”® Further, we explored the inter-
action effects of the following pairs of
sociodemographic characteristics—age and
sex, age and ethnicity, age and socioeco-
nomic status (SES), sex and ethnicity, sex
and SES, ethnicity and SES—using a sim-
ple feature importance ranking measure
approach.? SES is subjectively determined
by respondents based on their rating of
their own SES on a ladder scaled from
zero to 10.% Two-way partial dependence
plots were used to illustrate daily vaping
and ever-vaping risks on the proposed
pairs with interaction strengths above a
threshold of 0.1. The calculations of par-
tial dependence probabilities were based
on the variation of the two predictors,
while holding other predictors constant.*

Sensitivity analysis

We conducted two sets of sensitivity
analyses using the same oversampled

Vol 42, No 1, January 2022

training set for both outcomes. First, we
fitted random forest algorithms with only
the top 10 correlates identified. Second,
we built base multivariate logistic regres-
sion models composed of age, sex, ethnic-
ity and SES. Performance of these logistic
models was assessed by accuracy, sensi-
tivity, specificity and AUC on the test set
and compared to these measures of the
random forest.

Results
Sample characteristics

The 6471 respondents were divided into
10 age groups (0 to 11, individual years
between ages 12 and 19, and 20 + years);
54.6% of them were females; the majority
(68.6%) came from a family positioned
from 6 to 8 on the SES ladder; and 62.1%
of them were White (Table 1). There were
2064 (31.9%) ever-vapers and 490 (7.6%
of the entire sample or 23.7% of ever-
vapers) respondents who were daily
vapers.

Performance of the random forest
algorithms

The random forest algorithms for both
outcomes achieved high performance. The
algorithm for ever-vaping had a testing
accuracy of 0.82 (95% confidence interval
[CI]: 0.81-0.84), sensitivity of 0.83 (0.80-
0.86), specificity of 0.82 (0.80-0.84) and
an AUC of 0.90. The algorithm for daily
vaping had a testing accuracy of 0.83
(0.80-0.86), sensitivity of 0.85 (0.77-
0.90), specificity of 0.82 (0.78-0.86) and
an AUC of 0.90.

Top 10 correlates of ever-vaping and daily
vaping

The algorithms demonstrated different top
10 correlates for daily vaping and ever-
vaping (Figure 1). The top 10 correlates
for ever-vaping were: having used canna-
bis in lifetime; having drunk alcohol in
past 12 months; source of cannabis; hav-
ing used waterpipe in lifetime; having
used tobacco in lifetime; school size; hav-
ing used cannabis in past 12 months; the
number of drinks containing alcohol
when typically drinking; having had an
energy drink with alcohol in last 12
months; and having been drunk. The top
10 correlates for daily vaping were: source
of e-cigarette/tried a friend’s; having
smoked e-cigarettes with nicotine; having
used cannabis in lifetime; source of

cannabis; having smoked e-cigarettes
without nicotine; having had a caffeine
drink in the last 12 months; having had a
caffeine drink in the last seven days;
absence in the last 20 school days; source
of e-cigarette/having bought e-cigarettes
at a vape shop; and having used tobacco
in lifetime. For both daily vaping and ever-
vaping, all of the sociodemographic corre-
lates showed minimal influence, with
relative importance lower than three;
thus, none of the corresponding partial
dependence plots were reported.

Partial dependence on the top 10
predictors

According to partial dependence plots for
ever-vaping, we found higher risks of
ever-vaping among respondents who had
used cannabis in the last 12 months or
their lifetime, had drunk alcohol with or
without high energy drinks in the last 12
months, had used tobacco or waterpipe in
their lifetime, and had been drunk, com-
pared to those who had not (see Appendix
at https://osf.io/x36p8/). Across sources
of cannabis, respondents who had ever
used cannabis demonstrated a higher risk
of  ever-vaping than  never-users.
Respondents who had two to three drinks
containing alcohol when they typically
drank had approximately a 25% higher
risk of ever-vaping than other alcohol and
non-alcohol users. Risk of ever-vaping
increased as school size increased in a
range of up to 500 students, and remained
high until the school size reached approxi-
mately 1850. There was a tiny decline in
risk for schools with 1850 to 2000
students.

In regard to daily vaping, an increased
risk of daily vaping was found among
respondents who had used cannabis or
tobacco in their lifetime or had drunk a
caffeine drink in the last 12 months or
seven days, compared with those who had
not (see Appendix at https://osf.io/x36p8).
Across sources of e-cigarette, there was a
vast difference in the risk of being a daily
vaper for respondents who borrowed an
e-cigarette from a friend compared to
those who purchased one in a retail envi-
ronment. Across types of e-cigarettes,
respondents who smoked e-cigarettes
without nicotine had a 25% lower risk of
being a daily vaper than those who did
not. Never-users of cannabis showed a
slightly lower risk of being a daily vaper
than respondents who used cannabis
across various sources. Any absence in
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TABLE 1 the last 20 school days was associated
Demographic characteristics of sample eligible respondents to OSDUHS 2019 with an increased risk of daily vaping;

while it is possible that daily vaping could

Sl have led to more school absence, our
(N = 6471) .
model was not designed to demonstrate
Age (years) such a relationship.
11 or younger 20 (0.3%)
12 727 (11.2%) Interactions
0,
£ et All of the top 10 correlates for ever-
14 1042 (16.1%) vaping, except for having been drunk,
15 1225 (18.9%) demonstrated interactions with ethnicity
16 1100 (17.0%) (see’ Appendix at https: QSf.'IO )('361:')8).
. Having tobacco or cannabis in lifetime
v S e and having drunk alcohol in last 12
18 386 (6.0%) months showed interactions with ethnic-
19 27 (0.4%) ity, SES and age. Japanese ethnicity dem-
20 or older 9.(0.1%) onstrateq a  higher probablhty‘ Aof
ever-vaping than non-Japanese ethnicity
SEX for all school sizes, while opposite rela-
Female 3535 (54.6%) tionships were found among those of
Male 2936 (45.4%) Southeast Asians and Korean ethnicity.
Soci . . Across all sources of cannabis, being of
ocioeconomic status o X
. non-Japanese ethnicity was associated
L 6 (0.1%) with lower probabilities of ever-vaping
2 40 (0.6%) than being of Japanese ethnicity.
3 122 (1.9%) Regardless of ethnic group, having two to
4 280 (4.3%) three dr1nk§ ona typical day had the high-
est probability of ever-vaping, compared
. 675 (10.4%) to other sources of alcohol. While being of
6 1061 (16.4%) Japanese ethnicity was positively associ-
7 1805 (27.9%) ate_d with the probabilvity of ever-vaping,
8 1575 (24.3%) bgmg of Squtheast A31an'or Kor(_ean eth-
nicity was inversely associated with ever-
0, . . .
9 657 (10.2%) vaping. There were smaller differences in
10 250 (3.9%) the probability of ever-vaping between
Ethnicity those of Japanese compared to non-

. Japanese ethnicity for having had canna-
White 4017 (62.1% . .

. ) bis or alcohol and having had alcohol
Chinese 374 (5.8%) combined with energy drinks in last 12
South Asian 648 (10.0%) months. This relationship was also found
Black 563 (8.7%) for having had tobacco or cannabis in life-

time. Across all the SES groups, being of
Indigenous 157 (2.4% . e
g Q4% Southeast Asian or Korean ethnicity was
Filipino 368 (5.7%) associated with a slightly lower probabil-
Latin American/Central American/South American 282 (4.4%) ity of ever-vaping compared to being non-
Southeast Asian 125 (1.9%) Southeast Asian or non-Korean.
West Asian or Arab 344 (5.3%) . .
, Age interacted with past-year alcohol use,
L 56 (0.9%) ever use of tobacco and ever use of can-
Japanese 31 (0.5%) nabis; in these interactions, the use of a
Not sure about ethnicity 256 (4.0%) substance was a more important predictor
. among younger students compared to
Ever-vapin. .. .
ping older students. Similarly, these variables
0, . .
No 4407 (68.1%) were more important predictors among
Yes 2064 (31.9%) higher SES students compared to lower
Daily vaping SES students.
No 5981 (76.3%) i )
. Weak interaction was found between caf-
e 490 (23.7%) feine consumption and ethnicity for daily
Abbreviations: OSDUHS, Ontario Student Drug Use and Health Survey; SES, socioeconomic status. vaping (see the Appendix at https://osf

2 SES was subjectively determined by respondents based on their rating of their own SES on the MacArthur Scale of Subjective io/x36p8/). The interaction strength of
Social Status, a ladder scaled from zero to 10. : '
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FIGURE 1
Scaled relative importance plots of the top 10 correlates of
daily vaping and ever-vaping, OSDUHS 2019

Daily vaping

Source of e-cigarette_Tried one of a friends/borrowed one

Type of e-cigarette_Smoked e-cigarettes with nicotine I
Have used cannabis in lifetime [ B
Source of cannabis_Never used cannabis in lifetime I
Type of e-cigarette_Smoked e-cigarettes without nicotine I -
Had caffeine drink in the last 12 months I
Had caffeine drink in last 7 days | | -
Absence in the last 20 school days I -
Source of e-cigarette_Bought it at a vape shop/lounge I ;-
Have used tobacco in lifetime (including few puffs/1 cigarette) I
g 0 30 60 90
% Ever-vaping
&2 Have used cannabis in lifetime | | N ENENREEEEE
Have drunk alcohol in the last 12 months I
Source of cannabis_Have not used cannabis in lifetime [ B
Have used waterpipe in lifetime { | NN <>
Have used tobacco in lifetime (including few puffs/1 cigarette) -7x5
School size -
Have used cannabis in last 12 months -svxs
Number of drinks containing alcohol when typically drinking_2-3 drinks . 532
Had energy drink with alcohol in the last 12 months .m
Have been drunk |  [2u
5 S & %

Scaled relative influence (%)

Abbreviation: OSDUHS, Ontario Student Drug Use and Health Survey.

having had a caffeine drink in the last
seven days and being uncertain of ethnic-
ity was 0.111. Having had a caffeine drink
in the last seven days was associated with
a slightly higher probability of daily vap-
ing, regardless of the uncertainty of
ethnicity.

Sensitivity analysis

In line with the results of the primary
analysis, high performance was found in
parsimonious random forest algorithms
with only the top 10 correlates. The parsi-
monious model of daily vaping had an
accuracy of 0.81 (95% CI: 0.78-0.84), a
sensitivity of 0.80 (0.72-0.86), a specific-
ity of 0.82 (0.78-0.85) and an AUC of
0.87; the parsimonious model of ever-
vaping had an accuracy of 0.78 (0.76-
0.79), a sensitivity of 0.78 (0.74-0.81), a
specificity of 0.78 (0.75-0.80), and an
AUC of 0.86. By contrast, base logistic
regressions of both outcomes had lower
performance than the random forest mod-
els from the primary analysis. Specifically,
the logit model of daily vaping had an
accuracy of 0.53 (0.49-0.57), a sensitivity
of 0.63 (0.54-0.71), a specificity of 0.50
(0.45-0.54) and an AUC of 0.60; the logit
model of ever-vaping had an accuracy of
0.61 (0.59-0.64), a sensitivity of 0.82
(0.79-0.85), a specificity of 0.52 (0.49-
0.55) and an AUC of 0.73.

Discussion

We applied a machine learning approach
to investigate correlates of daily vaping

Vol 42, No 1, January 2022

and ever-vaping, using data from the
OSDUHS conducted on a representative
sample of Ontario youth attending ele-
mentary or secondary schools. The final
random forest algorithms demonstrated
high performance. The top 10 correlates
for daily vaping differed from those for
ever-vaping, as is consistent with various
predictors found for cigarette onset and
escalation in tobacco research.?3' While
we found no interactions among pairs of
predictors proposed for daily vaping, we
did find interactions between predictors of
ever-vaping, particularly by ethnicity.

Our study suggests the key correlates for
ever-vaping and daily vaping were differ-
ent. While a previous study concluded
that social influences are the most power-
ful predictors for ever-vaping,** our study
highlights the importance of three sub-
stances, namely cannabis, alcohol and
tobacco, to risk of ever-vaping. These
findings align with the emerging trend of
cannabis vaping,** and indicate that nico-
tine, a highly addictive compound in
tobacco, is the most common substance in
vaping devices.** We also identified school
size as an important sociodemographic
correlate to the risk of ever-vaping.

Across sources of e-cigarette, since the
lowest risk of daily vaping was found
among respondents who tried an e-ciga-
rette from a friend or borrowed one, social
influences may play a limited role in the
development of daily vaping. The use of
nicotine-containing e-cigarettes was found

to be associated with the highest risk of
daily vaping—unsurprisingly, since addic-
tion to vaping depends on nicotine.® Our
results suggest that caffeine, cannabis and
tobacco are important substances for
increased risk of daily vaping. While the
literature suggests school grade and age
might be the strongest sociodemographic
correlates of drug use,* our study shows
increased number of absences in the last
20 school days might contribute more to
increased risk of daily vaping.

Strengths and limitations

Methodologically, our study provides fur-
ther evidence on the utility of machine
learning in devising predictive modelling
in tobacco control.’” The high perfor-
mance of random forests yields interpre-
table findings, such as identification of
important features, that are potentially
meaningful for policy makers. As research
indicates that e-cigarette use in adoles-
cence is associated with higher odds of
smoking cigarettes,*® features selected can
identify important correlates, potentially
preventing youth from proceeding to ciga-
rette use. Days absent from school and
school size, indicators not commonly
found in the literature, were identified as
important correlates of outcomes, because
of the use of machine learning methods.

Furthermore, the high performance found
in this study is in line with research that
demonstrates that machine learning can
outperform conventional statistical model-
ling on some occasions. For example, a
systematic review reports that machine
learning models have higher performance
than logistic regression in neurosurgical
outcome predictions.® Similarly, machine
learning models exhibit higher C-indexes
than clinical risk scores in prognostic per-
formance among patients with acute gas-
trointestinal bleeding.*

Regarding limitations, as our study was
cross-sectional, we were only able to iden-
tify the top 10 important correlates rather
than the true predictors of daily vaping or
ever-vaping. Despite the robustness of
random forest algorithms,” the relative
importance of correlates did not imply
causality, and we did not conduct hypoth-
esis testing in this analysis. Future longi-
tudinal studies with a causal design and
analysis would help address this limita-
tion. More research is also required to
validate the findings about interactions,
since the ethnic groups reported had
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relatively small sample sizes (n < 150).
While our models demonstrated high per-
formance with simple imputation of
missing data, it would be worthwhile for
future research to consider more sophis-
ticated pipelines such as multiple imputa-
tion if precision of correlates is of major
interest.*

Furthermore, current tools for developing
random forest algorithms are unable to
incorporate a cluster sampling. However,
this limitation only affects the variance of
the correlates, which was not the focus of
this study. Finally, our analysis has limita-
tions that are inherent to survey studies,
such as potential recall bias and response
bias. Nevertheless, we expect the results
to remain robust, since we believe the
OSDUHS survey has been structured with
instruments that optimize response
quality.

Conclusion

By training and testing random forest algo-
rithms, we identified different sets of top 10
correlates for daily vaping and ever-vaping
in a Canadian youth population. We found
interactions among important correlates
and sociodemographic characteristics for
ever-vaping. Identification of correlates for
daily vaping and ever-vaping for targeting
purposes may inform future longitudinal
studies to improve policies designed for
subpopulations, irrespective of causality.
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Abstract

Introduction: We determined the impact of electronic nicotine delivery systems (ENDS)
on health outcomes and costs in Canada, based on their effect on smoking cessation
and smoking initiation rates.

Methods: We used gender-specific Markov models to estimate lifetime discounted life
years, quality-adjusted life years (QALYs) and smoking-related health care costs for
cohorts of males and females aged 15 to 19 years, in scenarios in which (1) ENDS are
available (status quo); (2) ENDS are completely unavailable; and (3) ENDS are avail-
able for smoking cessation through health care provider prescription, in addition to
currently recognized smoking cessation tools. Analysis was from the perspective of a
publicly funded health care system.

Results: Outcomes are expressed per 1000 individuals and based on expected values
obtained through a Monte Carlo simulation of 10 000 replications. For males aged 15 to
19 years, life years, QALYs and smoking-related health care costs were 41 553, 35 871
and CAD 79 645 964, respectively, when ENDS were available; 41 568, 35894 and CAD
79 645960 when ENDS were unavailable; and 41 570, 35897 and CAD 79 605 869 when
ENDS were available through prescription only. For females, life years, QALYs and
smoking-related health care costs were 43 596, 37416 and CAD 69 242 856, respectively,
when ENDS were available; 43 610, 37 438 and CAD 69 085 926 when ENDS were una-
vailable; and 43 611, 37 438 and CAD 69 076 034 when ENDS were available through
prescription only. Thus, situations in which ENDS are unavailable, or available through
prescription only are dominant over the status quo.

Conclusion: These results show that a policy change whereby ENDS were unavailable
to the Canadian population or available through prescription only would likely increase
population health and reduce health care costs.

Keywords: tobacco products, smoking, smoking cessation, electronic nicotine delivery
systems, vaping, cost-benefit analysis

Highlights

¢ Vaping is commonly used by smok-
ers to try to quit smoking.

e Vaping may increase smoking initi-
ation in youth, resulting in nega-
tive long-term impacts on health.

e The results of this study show that,
under our study assumptions,
restricting access to vaping is likely
to result in increased population
health and reduced health care
costs.

e Policy changes restricting access to
vaping need to be examined with
caution to avoid unintended conse-
quences such as negative health
impacts for current and former
smokers who rely on vaping as a
harm reduction strategy.

Introduction

Despite a considerable decrease in smok-
ing prevalence over the last 50 years,!
smoking continues to be the most com-
mon cause of preventable disease and
mortality in Canada.? The costs of tobacco
use in 2012 were CAD 16 billion, with the
majority of indirect costs (CAD 9.5

billion) related to lost wages from long-
term disability and premature mortality,
and the largest portion of direct costs
(CAD 6.5 billion) associated with health
care costs.? Given the impact of smoking
on the Canadian population, the
Government of Canada has set a target to
reduce smoking prevalence to below 5%
by 2035.> Reaching that target requires a

careful examination of smoking cessation
strategies, as well as strategies preventing
smoking initiation.

Vaping, the act of using electronic nicotine
delivery systems (ENDS), is a common
smoking cessation strategy. In Canada,
almost one-third of current and former
smokers report having vaped as a way to
try to quit smoking.* There are, however,
concerns that vaping could lead to
increased cigarette smoking initiation in
youth.>® This association, though, has
been debated, with some studies suggest-
ing a negligible risk of youth vaping-
related smoking initiation at the
population level.”® In Canada, 1% of
youth aged under 25 years and 32% of
teens aged 15 to 17 years who ever
smoked daily used ENDS prior to

Author references:

1. Department of Pediatrics, Faculty of Medicine, University of Ottawa, Ottawa, Ontario, Canada
2. School of Epidemiology and Public Health, Faculty of Medicine, University of Ottawa, Ottawa, Ontario, Canada

Correspondence: Catherine Pound, Division of Pediatric Medicine, Children’s Hospital of Eastern Ontario, 401 Smyth Road, Ottawa, ON K1H 8L1; Tel: 613-737-7600, ext. 2701;

Email: cpound@cheo.on.ca

Vol 42, No 1, January 2022

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice



http://twitter.com/share?text=%23HPCDP Journal – A cost-utility analysis of the impact of electronic nicotine delivery systems on %23healthcarecosts and outcomes in %23Canada&hashtags=vaping,PHAC&url=https://doi.org/10.24095/hpcdp.42.1.05
https://doi.org/10.24095/hpcdp.42.1.05


initiating traditional cigarette smoking.’
Also of concern is the rising prevalence of
vaping over time. Between 2013 and 2019,
the proportion of Canadian youth aged
15 to 19 years who endorsed vaping
increased from 20% to 36%, while that of
those aged 20 to 24 years jumped from
20% to 48%.91°

While ENDS can have a positive effect on
smoking cessation,''!? their impact on
youth smoking initiation is concerning. In
order to determine whether the benefits
incurred from ENDS through smoking ces-
sation alone are sufficient to offset the
negative health consequences of increased
smoking initiation, we conducted a cost-
utility analysis to determine the impact of
ENDS on life expectancy, quality-adjusted
life years (QALYs) and smoking-related
health care costs in Canada under three
different scenarios: (1) the status quo, i.e.
current access to ENDS; (2) a complete
ban of ENDS; and (3) limited access to
ENDS for smoking cessation only, as pre-
scribed by a medical professional. Sales of
nicotine-containing vaping products are
currently permitted to adults aged 18
years and older in Canada,” although
some provinces have a higher minimum
age.

Methods

We used gender-specific Markov models
to examine smoking behaviours of non-
smokers and current and former smokers
in relation to ENDS, as well as the impact
of ENDS on mortality and smoking-related
illnesses in cohorts of males and females
aged 15 to 19 years. We estimated life
years, QALYs and smoking-related health
care costs in three different scenarios: (1)
the status quo, in which ENDS are widely
available; (2) a complete ban on ENDS;
and (3) limited access to ENDS through
prescription by health care professionals,
for smoking cessation purposes. In the
prescription-based scenario, we modelled
the impact of ENDS as an increment on
current smoking cessation tools, and not
as a replacement for currently approved
tools.

The perspective of the reference-case
analysis was that of publicly funded
health care system. While public health
care costs are under the jurisdiction of
provincial ministries, the results are gen-
eralizable to all ministries, since data were
extracted from national population-based
surveys. A lifetime horizon was adopted
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to take into consideration the overall life-
time costs and health effects.

Data collection

Data from population-based surveys of the
Canadian population were used where
possible and supplemented with data
available through literature review.
Although the Canadian Community
Health Survey' was initially considered
because it collects information on a large
number of Canadians (over 100 000
Canadians 12 years of age and over), spe-
cific data on smoking and vaping status
were extracted from the Canadian
Tobacco, Alcohol and Drugs Survey
(CTADS), 2017.* While the sample size is
smaller (approximately 16 000 Canadians
15 years and over), the CTADS offers more
vaping- and smoking-specific data, and
oversamples the 15 to 24 year age group,
which comprises the population at highest
risk for smoking initiation.* We stratified
data by age groups and gender.

Model design

We extracted age-specific distributions for
each of the smoking states (nonsmokers,
current smokers and former smokers)
from the 2017 CTADS,* and simulated how
the cohort progresses through life, from 15
to 105 years of age (Figure 1).

In the scenarios in which ENDS are avail-
able, we examined their impact on smok-
ing initiation between ages 15 and 24, and
their impact on smoking cessation for
ages 25 to 105. An age of 25 was chosen
as a cut-off between youth and adults,
since Canadian population-based survey
data*!* show that the number of non-
smokers initiating smoking or vaping after
the age of 25 is extremely small.

In the scenario in which ENDS are avail-
able for smoking cessation through pre-
scription only, we assumed a reduced
access to ENDS for smokers, since almost
15% of Canadians over the age of 12 do
not have access to a primary health care
provider.” A cycle length of six months
was used, since smoking cessation is tra-
ditionally defined as sustained abstinence
of at least six months’ duration.!® This
timeframe therefore represents the mini-
mum time period required to go from cur-
rent to former smoker.

We extracted smoking status from the
CTADS based on the traditional smoking

categories used in the survey (current
daily smoker; current occasional smoker;
former daily smoker; former occasional
smoker; experimental smoker; lifetime
abstainer), and regrouped them into the
following new categories:

e Current daily smokers: current daily
smokers

e Former daily smokers: former daily
smokers and current occasional smok-
ers who were once daily smokers

e Never/experimental/occasional (never-
daily) smokers: experimental smokers,
lifetime abstainers, former occasional
smokers and current occasional smok-
ers who were never daily smokers

Current occasional smokers who were
once daily smokers were grouped together
with former daily smokers to allow for a
conservative estimate of costs and QALY
losses associated with smoking-related ill-
nesses. Current occasional smokers who
once were daily smokers are likely at
higher risk of smoking-related illnesses
than former daily smokers who are now
completely abstinent, but are also likely at
lower risk of smoking-related illnesses
than current daily smokers. Grouping cur-
rent occasional smokers who were once
daily smokers with current daily smokers
would inflate illness-related costs and
QALY losses, which were based on risk
estimates for current daily smokers.

Current occasional smokers who never
were daily smokers were grouped together
with the “Never/experimental/occasional
(never daily) smokers,” since these indi-
viduals are also unlikely to experience the
same costs and QALY losses associated
with smoking-related illnesses that daily
smokers experience.

These groupings therefore allow for the
most conservative approach for estimating
costs and QALY losses associated with
smoking-related illnesses.

In addition to the smoking states, we also
included the following:

e Ever ENDS users (15-24 years of age
model): individuals who have ever
vaped

e Dual users (25-105 years of age
model): individuals who used e-ciga-
rettes to quit smoking in the two years
before the survey

Vol 42, No 1, January 2022




FIGURE 1
Markov Models illustrating smoking behaviours in three scenarios
with differing availability of electronic nicotine delivery systems (ENDS)
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Schematics of the models for each sce-
nario are shown in Figure 1.

Data requirements

Transition probabilities

Age- and gender-specific transition proba-
bilities were obtained for smoking

Vol 42, No 1, January 2022

initiation, continuation and cessation in
all three main scenarios.

CTADS allows determination of the pro-
portion of a given age-gender cohort by
smoking status (current daily smoker, cur-
rent occasional smoker, former daily
smoker, former occasional smoker, experi-
mental smoker and lifetime abstainer) at
the time of the survey. One can also derive
both the age at which a daily smoker
started smoking and the time since a

former daily smoker quit smoking. From
this information, it was possible to deter-
mine the proportion of a given age-gender
cohort by smoking status at the start of
each age-gender cohort. By assuming that
the transition from one smoking status to
another (i.e. the probability of initiation of
smoking and the probability of smoking
cessation) remains constant within a spe-
cific age-gender group, we were able to
obtain transition probabilities by calibra-
tion of the data by determining the proba-
bilities that replicate the proportion in
each smoking status category (current,
former and never smoker) both at the
time of beginning of age cohort and at the
time of survey (calculation example avail-
able in transition probabilities document
at https://osf.io/w7ndg/).

We used a relative risk (RR) for smoking
initiation in ENDS users versus nonusers
obtained from the literature'” (RR = 2.18,
95% CI: 1.65-2.83), as it was more con-
servative than the RR we extracted from
CTADS-derived data (RR = 7.83 in males
and 9.09 in females). The large RR differ-
ence was felt to be related to the small
sample size of the CTADS. The RR
obtained from the literature was applied
to both male and female 15-to-24-years
cohorts to determine transition probabili-
ties relating to daily smoking initiation for
ENDS users versus nonusers through a
further calibration process. A slightly
more conservative adjusted odds ratio
(AOR) of 1.79 was described in an obser-
vational Canadian study;'® however, the
RR of 2.18 mentioned above was chosen
for this study because the RR measure is
more generalizable to populations other
than the AOR. Finally, the RR of smoking
cessation in ENDS users versus nonusers
(RR = 1.05 in males and 1.08 in females)
was obtained from CTADS data and
applied to the 25-years-and-above cohort,
so as to determine transition probabilities
for ENDS users versus ENDS nonusers.
This RR represents the additional smoking
cessation benefits conferred by ENDS over
and above those seen with other currently
available smoking cessation tools.

Mortality by smoking status

Annual probabilities of mortality for each
age-gender cohort were obtained from
Statistics Canada.'”” We then estimated the
six-month probabilities of dying for each
age-gender cohort by smoking status,
through a calibration process combining
the Statistics Canada mortality data with
the baseline CTADS smoking status data.
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We also estimated the age- and gender-
specific RR of mortality by smoking status
from the literature?® (sample calculation
available in calculation of probabilities
document at https://osf.io/w7ndg/)

Smoking-related diseases

We obtained the prevalence of age- and
gender-specific smoking-related illnesses
(chronic obstructive pulmonary disease”
[COPD], coronary heart disease* [CHD],
stroke??) from Canadian population-based
data (data available in supplementary
tables at https://osf.io/w7ndg/). For lung
cancer,” only the incidence was available,
but given the short median survival of
lung cancer (16.9 months),** incidence
was felt to correlate closely with yearly
prevalence. We chose to include these dis-
eases as they represent approximately
75% of the smoking-related mortality in
developed countries.® The RR of develop-
ing these diseases for each smoking status
was obtained from the literature.”® Age-
and gender-specific probabilities of devel-
oping each condition were obtained
through calibration.

Vaping-related diseases

Given the paucity of data about the long-
term health impacts of the prolonged use
of ENDS, we assumed there were none.
This is unlikely to be true, as there is
some emerging evidence that ENDS may
be associated with the development of
COPD,***” independent of cigarette smok-
ing. However, given the lack of clear evi-
dence, this assumption allows for the
most conservative approach.

Costs

Average six-monthly costs related to the
treatment of individuals with lung can-
cer,”® COPD,” CHD?* and stroke® were
obtained from the literature. Costs
obtained from previous years were inflated
to current-year costs using the Bank of
Canada Inflation Calculator. All costs are
presented in 2020 Canadian dollars (data
available in supplementary tables at
https://osf.io/w7ndg/).

Utility values

We obtained age- and gender-specific util-
ity values for never smokers from
Canadian population data,' to which we
applied disutility data related to smoking
status.3? The disutility data for each of the
smoking-related illnesses (lung cancer,
COPD, myocardial infarction, CHD and
stroke) was obtained from a study based
in the United Kingdom?? (data available in
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supplementary tables at https://osf.io
/w7ndg/). We had planned on using
Canadian- disutility data; however, the
available Canadian data did not report on
lung cancer separately from other can-
cers.®* Disutility values for the other
smoking-related illnesses were compara-
ble between the UK and Canadian
studies.

Analysis

All analyses were in the form of a cost-
utility analysis to capture monetary and
utility costs and benefits. A cost-utility
approach was chosen given the possibility
that one scenario could lead to more
QALYs but not necessarily to reduced
health care costs, since health and eco-
nomic impacts related to smoking initia-
tion occur many years later than those
related to smoking cessation.

Probability distributions were used to
account for uncertainty around the param-
eters of interest. We used beta distribu-
tions for transition probabilities and utility
values, lognormal distributions for relative
risks and gamma distributions for disutil-
ity values and uncertain costs (data avail-
able in supplementary tables at https://
osf.io/w7ndg/). The probabilistic analysis
was performed using a Monte Carlo simu-
lation with 10 000 replications to ensure
stability of the data. We used a threshold
value of willingness to pay CAD 50 000
per QALY for interpretation of the results.
All outcomes were weighted equally,
regardless of the characteristics of people
affected by the intervention. As per the
CADTH guidelines,*® an annual discount
rate of 1.5% was applied to all costs and
utilities. Confidence intervals were not
produced because they are not considered
meaningful for economic evaluations, the
purpose of which is to inform binary deci-
sions. Confidence intervals in this setting
are not considered best practice.3>3°
Research Ethics Board approval was not
needed for this study, given its use of pub-
licly available data.

Assumptions

Two main general assumptions underlie
the analysis proposed in this framework.
First, we assumed no vaping-related long-
term impacts, as ENDS are still relatively
new. As already discussed, this is unlikely
to be true. However, since most long-term
vaping health impacts are not yet known,
this assumption allows for the most

conservative approach. Second, we
assumed a stable smoking relapse rate
across age groups, as no age-stratified
smoking relapse rate was identified in our
literature review. However, as people age,
they may be less likely to relapse as more
time elapses since their quit date.

Sensitivity analyses

In order to account for the uncertainty of
assumptions upon which the analysis is
built, we performed multiple sensitivity
analyses. These include

e 3 relapse rate increasing by 10% in
each decade of life;

e 3 relapse rate decreasing by 10% in
each decade of life;

e a RR of 1.79 for vaping-related smok-
ing initiation;'®

® a 90% decrease in ENDS access
(instead of 100%) for all individuals in
scenario 2, and for youth in scenario
3, to account for black market access
and online ordering;

e an 80% decrease in ENDS access
(instead of 100%) for all individuals in
scenario 2, and for youth in scenario
3, to account for black market access
and online ordering;

® a 50% decrease in ENDS access
(instead of 15%) because of difficulty
in accessing health care in the scenario
in which ENDS are only available
through prescription;

e a10% decrease ENDS access (instead
of 15%) because health care access
may be easier than anticipated in the
scenario in which ENDS are only avail-
able through prescription;

e 3 discount rate of 0%;
e 3 discount rate of 5%;

e a scenario in which youth vaping
increases by 50%;

e a scenario in which youth vaping does
not increase risk of smoking initiation;
and

e a scenario in which vaping does not
increase quitting rates.

Results

Table 1 summarizes the impact of ENDS
on life expectancy, quality-adjusted life
years (QALYs) and smoking-related health
care costs in Canada under our three
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different scenarios: (1) the status quo,
with current access to ENDS; (2) a com-
plete ban of ENDS; and (3) limited access
to ENDS for smoking cessation only, as
prescribed by a medical professional.
Results are presented per 1000 individu-
als. Incremental cost effectiveness ratios
(ICERs) were not relevant, as all other
scenarios are dominant over scenario 1.

In the sensitivity analyses, scenarios 2 and
3 were cost-saving for women in all situa-
tions compared to the status quo scenario,
except for the one in which we assumed
no association between youth vaping and
smoking initiation. For men, scenarios 2
and 3 were cost-saving in most sensitivity
analyses (except, again, when no associa-
tion was assumed between youth vaping
and smoking initiation), and otherwise
would be considered cost-effective based
on a willingness to pay of CAD 50 000
(relapse rate decreasing by 10% in each
decade of life: ICER CAD 628 for scenario
2 vs. 1; increased access to physician to
90%: ICER CAD 28 for scenario 2 vs. 1;
discount rate of 0%: ICER CAD 285 for
scenario 2 vs. 1; data available in sensitiv-
ity analyses at https://osf.io/w7ndg/).

Discussion

Our results show that, based on the study
assumptions, a scenario in which ENDS
are completely unavailable to the
Canadian population would result in an
increase in population health, as well as a
reduction in health care costs, when com-
pared to the status quo. A scenario in
which ENDS are restricted to a prescrip-
tion-based system would lead to even
greater benefits and reduction in health

care costs as compared to the other two
scenarios analyzed.

The significant health and economic ben-
efits conferred by smoking cessation are
the rationale for harm reduction strate-
gies. The main purpose of harm reduction
is to decrease the impact of behaviours
that are typically associated with negative
consequences,’” which, in the case of
smoking, involve inhalation of toxins
related to the combustion of tobacco.
Because ENDS do not require tobacco
combustion,’® they are felt to be safer than
cigarettes, and can therefore act as harm
reduction tools by helping smokers transi-
tion to a less harmful habit.

Smoking cessation is known to result in
important health and economic gains. For

instance, the European Study on
Quantifying Utility of Investment in
Protection from Tobacco (EQUIPT)

showed that, for each smoker who does
not quit within a 12-month period, the
system incurs an additional lifetime cost
of USD 6460, and that smoker experiences
a decreased life expectancy of 0.66 years
and a reduction in lifetime QALYs of 1.09,
as compared to a smoker who quits within
the same period of time.*

However, the results of our study are con-
cerning: the dominance of scenario 2
(ENDS completely unavailable) over the
status quo suggests that long-term harms
incurred through increased smoking initi-
ation in vaping youth outweigh the smok-
ing cessation benefits of ENDS. This is
even more apparent in scenario 3, in
which ENDS are unavailable to youth but
remain accessible for smoking cessation,

TABLE 1

leading to the most significant positive
outcomes.

Our results align with those of some previ-
ous studies. Soneji et al.** demonstrated
that, although ENDS are associated with
increased years of life gained through
their smoking cessation effect, they dis-
proportionately increase years of life lost
through increased youth-related smoking
initiation. A similar conclusion was
reached by Kalkhoran et al.,* who,
through modelling of various scenarios in
the US and the UK, showed that net harms
resulted from all situations in which ENDS
increased smoking initiation.

However, other studies have shown con-
flicting results. Cherng et al** showed that,
under multiple scenarios, ENDS seemed
to affect smoking cessation more than
smoking initiation. Their study, however,
only examined smoking prevalence and
did not take into account other health or
economic measures. Finally, a study by
Levy et al.*® projected a 21 % reduction in
smoking-attributable death and a 20%
decrease in life years lost based on pro-
jected patterns of ENDS use in the US at
the time of their study. The study pro-
jected a greater than 35% decrease in cig-
arette smoking by age 25 when ENDS
were available; however, the authors
assumed that only 5% of never-smoking
youth ENDS users would go on to become
daily smokers, which is about half of the
proportion seen in Canadians under 25
years old.*

Although our results show that limiting
the availability of ENDS to the Canadian
population, either completely or through

The impact of ENDS on life years, QALYs and smoking-related health care
costs per 1000 individuals under different scenarios, discounted at 1.5%

ENDS widely available
(scenario 1)

unavailable (scenario 2)

Difference between
scenarios 2 and 1

ENDS completely

ENDS available through
prescription for smoking
cessation (scenario 3)

Difference between
scenarios 3 and 1

Males

Life years 41 553
QALYs 35871
Costs CAD 79 645 964
Females

Life years 43 596
QALYs 37 416
Costs CAD 69 242 856

41 568 15
35 894 23
CAD 79 645 960 CAD -3
43 610 14
37438 21
CAD 69 085 926 CAD -156 930

41570 17
35897 26
CAD 79 605 869 CAD -40 095
43 611 15
37438 22
CAD 69 076 034 CAD -166 821

Abbreviations: CAD, Canadian dollars; ENDS, electronic nicotine delivery systems; QALY, quality-adjusted life year.

Note: Due to rounding, the data in the “difference between scenarios” columns may differ slightly from calculated values derived from the reported data in this table.
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prescription, could result in population
health benefits and reduced health care
costs, this conclusion must be seen
through a realistic lens. A complete ENDS
prohibition would offer the greatest pro-
tection to the smoking-naive population;
however, it would negate health gains
accrued by smokers who have reduced or
eliminated their cigarette consumption by
switching over to ENDS.

Additionally, there are concerns that ban-
ning ENDS could result in the emergence
of a black market, with a potential
increase in unsafe products. Scenario 3,
which would allow smokers to access
ENDS through a physician, demonstrated
the greatest positive outcomes. This sce-
nario would allow smokers to continue
benefitting from ENDS while limiting
youth exposure. Provincial health insur-
ance program coverage could be explored,
potentially resulting in decreasing finan-
cial barriers. However, this scenario also
raises significant equity issues. Low-
income Canadians are much more likely
to have unmet health care needs* and
potential difficulties in accessing physi-
cians, yet they are also more likely to
smoke.* These factors need to be taken
into account when considering policy
options.

Strengths and limitations

Our study’s major strength is that it relies
on population-based Canadian data. Our
assumptions about the impact of ENDS on
smoking initiation, their use and their
long-term health impacts were very con-
servative, so as to ensure the potential
benefits of ENDS were not understated.
The consistency of our findings across
sensitivity analyses also lends credibility
to our results.

There are, however, some populations
that are not represented by the CTADS
(i.e. residents of the Yukon, Northwest
Territories and Nunavut, full-time resi-
dents of institutions and people without
access to a land or cellular phone,*) limit-
ing generalizability of our findings to
these groups. Also, concerns have been
raised that CTADS may underestimate
smoking prevalence due to higher nonre-
sponse rates felt to be related to the inclu-
sion of alcohol- and drug-related issues,
which tend to be strongly associated with
cigarette smoking.*® It is therefore plausi-
ble that this would result in an under-esti-
mation of the costs and health care costs
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reported in this analysis. In addition, hav-
ing been created in 2003, ENDS represent
a fairly new technology, and long-term
safety data are not yet available, making
long-term assumptions difficult.*

Finally, in the prescription-only scenario,
we based our ENDS-related smoking ces-
sation estimate on individuals who used
ENDS to quit smoking in the last two
years. A scenario in which ENDS are pre-
scribed by health care professionals would
likely change risk perceptions and social
norms around vaping, as well as poten-
tially reduce the cost of ENDS, because
they might then become subsidized by
provincial health programs. This could
lead to an increase in the proportion of
smokers using ENDS as a smoking cessa-
tion tool, as compared to the estimate
used in this evaluation, making the pre-
scription-based scenario even more cost-
saving as compared to the status quo.

Conclusion

Studies such as this one examining the
impact of ENDS on health care costs and
outcomes provide valuable information.
Although our results suggest that restrict-
ing access to ENDS, either through a com-
plete ban or through a prescription-based
system, would be cost effective, factors
such as equity and feasibility need to be
considered. Alternative policy tools such
as increased taxation® and strict market-
ing regulations have been shown to
impact ENDS use. Further research should
focus on determining the ideal policy mix
that would achieve a balance between
reducing ENDS-associated smoking initia-
tion and offering support as a smoking
cessation tool. More data is also needed
about the long-term impact of ENDS on
health.
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Abstract

Introduction: The aim of this study was to explore demographic and clinical character-
istics of vaping-associated lung illness (VALI) cases reported in Canada from September
2019 to December 2020; compare the epidemiology of VALI cases in Canada to e-ciga-
rette or vaping product use-associated lung injury (EVALI) cases in the US; and examine
possible explanations for differences between the two countries.

Methods: A federal/provincial/territorial task group developed a national outbreak defi-
nition, minimum dataset and case report form for identification and surveillance of
VALI cases in Canada. Descriptive analysis explored the characteristics and epidemiol-
ogy of reported VALI cases.

Results: Of the 20 VALI cases reported, none resulted in a death. Of all cases, 5 (25%)
involved youth aged 15 to 19 years, 10 (50%) adults aged 20 to 49 years and 5 (25%)
aged 50 years and older. Sixty percent of patients were men. Half (50%) required
breathing assistance. Three-quarters (75%) reported using nicotine-containing vaping
products, and 40% reported use of cannabis-containing vaping products; of those who
reported frequency of vaping, most (71%) reported vaping daily. VALI cases were
reported at a lower prevalence (0.9 per million) than EVALI (8.5 per million).
Demographics and vaping behaviour also differed.

Conclusion: VALI cases were reported in Canada between September 2019 and
December 2020; however, there was a much lower prevalence and they may have been
caused by different factors from the EVALI outbreak in the US. The factors influencing
VALI in Canada are complex and multifactorial. Research is needed to understand the
short- and long-term health effects of nicotine and cannabis vaping.

Keywords: e-cigarette use, electronic cigarette, nicotine vaping, tetrahydrocannabinol
(THC), cannabis vaping, lung illness, lung injury, vape

groups reporting the highest frequency:
36% of youth aged 15 to 19 years and 48 %

Introduction

In Canada, the use of electronic cigarettes
(e-cigarettes or vaping devices) has been
increasing, particularly among youth.
Between 2015 and 2019, the number of
Canadians aged 15 years and older who
reported ever-vaping (nicotine) increased
from 13% to 16%,"* with younger age

of young adults (20 to 24 years), compared
to 12% of adults (25 years and over) in
2019.2 Among students in grades 7 to 12 in
Canada, 20% reported past- 30-day use of
e-cigarettes in 2018-2019, double the num-
ber of students who reported past 30-day
use in 2016-2017 (10%).13

Highlights

¢ In Canada, the use of e-cigarettes
has been increasing, particularly
among youth.

e Between September 2019 and
December 2020, 20 cases of
vaping-associated lung illness

(VALI) were reported in Canada.

e Canada experienced a lower per-
population prevalence of VALI
compared to e-cigarette or vaping
product use-associated lung injury
(EVALI) in the US; differences in
patient demographics and products
used were also found.

Similar findings were reported in 2019:
past 30-day use of a vaping device was
higher among youth and young adults
(15% each, respectively) compared to
adults (3%) in Canada.’ Ever-vaping can-
nabis-containing products was reported
by 9% of Canadians 15 years of age and
older in 2019; past 30-day use was
reported by 3% of Canadians, with young
adults (7%) reporting past 30-day use
more than youth and adults (3% each,
respectively).?

E-cigarettes and vaping products have
been marketed as a potentially less harm-
ful alternative to combustible products;
however, long-term risks, both acute and
chronic, remain mostly unknown.* The
exposure to potentially harmful chemicals
while vaping is variable and depends on
the composition of the vaping liquid or
product, the legal status and source of
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product and how the product is used.
Across both nicotine-containing and can-
nabis-containing vaping products in the
United States, more than 500 chemicals
have been identified in vaping cartridges
and liquids, including various amounts of
nicotine, cannabinoids, volatile organic
compounds, vitamin E acetate, silicon
conjugated compounds and various ter-
penes, metals and pesticides.>®

In August 2019, the US Centers for Disease
Control and Prevention (CDC) reported an
outbreak of e-cigarette or vaping product
use-associated lung injury (EVALI). At the
request of the Chief Public Health Officer
of Canada, the Public Health Agency of
Canada (PHAC) alerted provincial and ter-
ritorial health authorities of the potential
for cases and the need for enhanced
vigilance.

Studies of EVALI cases in the US have
examined the common factors and clinical
features associated with EVALI; however,
no specific substance, product or device
was linked to all cases. Nonetheless, vita-
min E acetate, an additive found in can-
nabis products (and typically not in
nicotine products) from informal sources
such as friends, family and the illegal
market was found to be strongly linked to
the EVALI outbreak in the US; 82% of
EVALI patients reported using cannabis-
containing vaping products, of which 78 %
reported acquiring these products from
informal sources. However, evidence was
not sufficient to rule out the contribution
of other chemicals found in any vaping
product whether cannabis-containing or
not, as EVALI occurred among those who
did not report vaping cannabis-containing
products.”™

The severity and nonspecificity of vaping-
associated lung illness (VALI) symptoms
present a diagnostic challenge for physi-
cians, particularly if a patient does not
disclose having recently vaped. Patients
who might have VALI may visit primary
care clinics or outpatient hospital emer-
gency services, and treatment can vary
from hospital or intensive care unit (ICU)
admission, to being placed on a regimen
of antibiotics or steroids, to receiving sup-
plementary oxygen or ventilation, or even
to being placed on life support.'” Exploring
trends in VALI cases in Canada contrib-
utes to the evidence base for improved
understanding of severe vaping-related
harms and clinical management of
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suspected VALI cases. Accordingly, the
objectives of this study were to (1) explore
the demographic and clinical patient char-
acteristics in VALI cases reported in
Canada from September 2019 to December
2020; (2) compare the epidemiology of
VALI in Canada to EVALI in the US; and
(3) examine possible explanations for the
differences in the epidemiology between
Canada and the US.

Methods
Case data

To coordinate a national investigation, in
September 2019, the Canadian Council of
Chief Medical Officers of Health (CCMOH)
approved the formation of the federal,
provincial and territorial (F/P/T) VALI
Task Group to develop a common
approach to detect, investigate and report
on cases of VALI in their respective juris-
dictions. The F/P/T VALI Task Group cre-
ated data collection tools, a national
outbreak case definition for severe pulmo-
nary disease associated with vaping or
dabbing (Table 1), a minimum dataset for
standardized data collection and a case
report form. “Vaping” is the act of inhal-
ing an aerosol produced by a vaping prod-
uct. “Dabbing” is inhaling very hot
vapours from heated cannabis oils, con-
centrates or extracts.

Self-reported vaping behaviours were
obtained during initial and follow-up
interviews with either the patient or close
family members, if the patient was unable
to participate. Provincial and territorial
(P/T) public health authorities submitted
de-identified case data to PHAC after a
VALI case was verified as probable or con-
firmed against the national case definition
in their jurisdiction. Health Canada (HC)
also actively searched existing databases
for self-reported and industry-reported
adverse reactions to nicotine, non-nicotine
and cannabis vaping products, and e-
cigarette or vaping devices. Four possible
incidents of lung injury related to vaping
in Canada were identified and shared with
PHAC.

Investigative efforts and reporting in
Canada focussed on hospitalized patients,
using a similar case definition and strat-
egy as the US investigation; however,
Alberta, British Columbia, New Brunswick
and Quebec expanded their investigations
to include outpatient visits and family
physician settings. In March 2020, when

COVID-19 transmission became wide-
spread in Canada, active surveillance of
VALI was paused and surveillance was
limited to monitoring and reporting
adverse reactions and to incidents event
reporting through existing HC regulatory
surveillance programs. Characteristics of
EVALI cases were sourced from public
health data and published literature. This
study, which covered the reporting period
of September 2019 to December 2020, and
this paper were approved by the F/P/T
VALI Task Group of the CCMOH. Ethics
approval was not required, as this study
falls within routine public health surveil-
lance activities.

Laboratory testing

Health Canada’s Regulatory Operations
and Enforcement Branch Laboratories
(HC-ROEB-Laboratories) conducted ana-
lytical testing of vaping product samples
to identify and quantify substances of
interest in support of VALI investigations.
When possible, patients provided samples
of the substances vaped prior to onset of
symptoms. HC-ROEB-Laboratories also
purchased and tested samples of the same
brands that patients reported using, to act
as control samples. HC-ROEB-Laboratories
carried out the chemical analyses of e-
liquids using validated analytical methods
employing gas chromatography-mass
spectrometry (GC-MS) and liquid chroma-
tography-photodiode array (HPLC-PDA)
techniques. Analytes were reported as
detected only if their presence in the sam-
ple was confirmed by both methods.
Health Canada’s Healthy Environments
and Consumer Safety Branch-Product
Safety Laboratory (HC-HECSB-PSL) also
provided laboratory services for testing
vaping devices linked to cases via visual
evaluation, heater coil resistance measure-
ment and testing coils for the presence of
heavy metals using a portable x-ray fluo-
rescence analyzer.

Analysis

Given the small number of cases, descrip-
tive analysis was performed using MS Excel
spreadsheets that detailed the characteris-
tics and epidemiology of all 20 VALI cases in
Canada. Statistical associations and signifi-
cance tests were not conducted, due to
insufficient statistical power resulting from
small sample size and the level of availabil-
ity and completeness of data. Due to low
case counts, confirmed and probable cases
were combined for analyses.
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TABLE 1

Outbreak case definitions of confirmed and probable cases of vaping-associated lung illness (VALI)
and e-cigarette or vaping product use-associated lung injury (EVALI)

Vaping-associated lung illness (VALI)

E-cigarette or vaping product use-associated lung injury (EVALI)

Confirmed

Probable

History of vaping or dabbing® in the 90 days prior to symptom onset
AND

Pulmonary infiltrate, such as opacities, on plain film chest
radiograph or ground-glass opacities on chest CT

AND

Absence of pulmonary infection on initial work-up: Minimum criteria
are: negative respiratory viral panel, influenza PCR or rapid test, if
local epidemiology supports testing. All other clinically indicated
respiratory infectious disease testing (e.g. urine antigen for
Legionella, sputum culture if productive cough, BAL culture if done,
blood culture, HIV-related opportunistic respiratory infections if
appropriate) must be negative

AND

No evidence in medical records of alternative plausible diagnoses
(e.g. cardiac, rheumatologic or neoplastic process)

History of vaping or dabbing in the 90 days prior to symptom onset
AND

Pulmonary infiltrate, such as opacities, on plain film chest
radiograph or ground-glass opacities on chest CT

AND

Infection identified via culture or PCR, but clinical team believes this
is not the sole cause of the underlying respiratory disease process

OR

Minimum criteria to rule out pulmonary infection not met (testing
not performed) and clinical team believes infection is not the sole
cause of the underlying respiratory disease process

AND

No evidence in medical record of alternative plausible diagnoses (e.g.
cardiac, rheumatologic or neoplastic process)

Using an e-cigarette (vaping) or dabbing® in 90 days prior to symptom onset
AND

Pulmonary infiltrate, such as opacities, on plain film chest radiograph or
ground-glass opacities on chest CT

AND

Absence of pulmonary infection on initial work-up: Minimum criteria are: a
negative respiratory viral panel and a negative influenza PCR or rapid test, if
local epidemiology supports influenza testing. All other clinically indicated
respiratory infectious disease testing (e.g. urine antigen for Streptococcus
pneumoniae and Legionella, sputum culture if productive cough, BAL culture
if done, blood culture, HIV-related opportunistic respiratory infections if
appropriate) are negative

AND

No evidence in medical record of alternative plausible diagnoses (e.g.
cardiac, rheumatologic, or neoplastic process)

Using an e-cigarette (vaping) or dabbing in 90 days prior to symptom onset
AND

Pulmonary infiltrate, such as opacities, on plain film chest radiograph or
ground-glass opacities on chest CT

AND

Infection identified via culture or PCR, but clinical team believes this
infection is not the sole cause of the underlying lung injury

OR

Minimum criteria to rule out pulmonary infection not met (testing not
performed) and clinical team believes infection is not the sole cause of the
underlying lung injury

AND

No evidence in medical record of alternative plausible diagnoses (e.g.
cardiac, rheumatologic, or neoplastic process)

Sources: VALI: Government of Canada. National outbreak case definitions: severe pulmonary disease associated with vaping or dabbing [Internet]. Ottawa (ON):
Government of Canada; 2019 [modified 2019 Oct 11; cited 2021 Oct 5]. Available from: https://www.canada.ca/en/public-health/services/diseases/vaping-pulmonary-ill-

ness/health-professionals/national-case-definition.html

EVALI: Centers for Disease Control and Prevention (CDC). 2019 lung injury surveillance primary case definitions, September 18, 2019 [Internet]. Atlanta (GA): CDC; 2019
[cited 2021 Oct 05]. Available from: https://www.cdc.gov/tobacco/basic_information/e-cigarettes/assets/2019-Lung-Injury-Surveillance-Case-Definition-508.pdf

Abbreviations: BAL, bronchoalveolar lavage; CT, computed tomography; HIV, human immunodeficiency virus; PCR, polymerase chain reaction.

2 Inhaling very hot vapours from heated cannabis oils, concentrates or extracts.

Results

During the study period, 20 VALI cases
and zero deaths were reported to PHAC by
P/T health authorities. Of the 20 VALI
cases, 8 were classified as confirmed and
12 as probable, as defined by the national
outbreak case definition.

Detailed case information was submitted
for 75% (15 of 20 cases) of reported VALI
cases in Canada between 1 September
2019 and 31 December 2020.

Data on basic demographics, symptoms,
symptom onset, hospitalization status and
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substance(s) vaped were available for all
cases. Detailed information was available
for the cases as follows: medical history
(13 of 20 cases), medical interventions (13
of 20 cases), source and frequency of
substance(s) and devices used for vaping
(14 of 20 cases) and use of other sub-
stances (combustible or other means of
consumption; 16 of 20 cases).

Demographic characteristics

Of all cases, 25% (5 of 20 cases) were
among youth aged 15 to 19 years; 50%
(10 of 20 cases) were among those aged
20 to 49 years and 25% (5 of 20 cases)

were among those aged 50 years and
older. Cases were reported in Quebec,
British Columbia, Ontario, New Brunswick,
Alberta and Newfoundland and Labrador.

Symptoms

Cases reported between 1 September 2019
and 31 December 2020 involved symptom
onset dates ranging from 5 May 2019 to 11
April 2020. Half (50%; 10 of 20 cases) had
a symptom onset date between August
2019 and October 2019.

All 20 patients reported respiratory symp-
toms, of which 25% (5 of 20 cases)
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reported exclusively respiratory symptoms
(e.g. cough, shortness of breath), and
75% (15 of 20 cases) reported a combina-
tion of respiratory, gastrointestinal (e.g.
nausea, diarrhea), constitutional (e.g.
chills, fatigue) and/or other symptoms
(e.g. fever, poor appetite/weight loss).
Eight patients (40%) reported a fever. Of
all 20 patients, 3 (15%) experienced acute
respiratory distress syndrome (ARDS).
Other symptoms reported included back
pain, numbness or tingling, confusion,
short-term memory loss, runny nose,
sinus pressure, sore throat, sweating, fecal
incontinence, lack of balance and urinary
symptoms.

By sex, men more commonly reported
cough and constitutional symptoms com-
pared to women (cough: 10 of 12 [83%]
males compared to 4 of 8 [S0%] females;
constitutional symptoms: 10 of 12 [83%]
males compared to 3 of 8 females [38%]).

Medical history

Detailed case information about pre-
existing conditions and other risk factors
was available for 65% (13 of 20) of VALI
cases. Of those with information avail-
able, 62% of patients (8 of 13 cases)
reported having one or more pre-existing
conditions or risk factors. Of those who
reported a pre-existing condition or risk
factor, 63% (5 of 8 cases) reported a pre-
existing respiratory or lung condition,
including asthma and chronic obstructive
pulmonary disease (COPD). The majority
of patients that reported pre-existing con-
ditions or risk factors (75%; 6 of 8 cases)
were aged 40 years and older. No differ-
ences were observed in the number of
pre-existing conditions or risk factors
reported by sex.

Hospitalization and intensive care unit
(ICU) admission

Of all 20 VALI patients, 80% (16 of 20
cases) were hospitalized. Detailed case
information on date of hospital admission
and discharge was available for 14 of the
16 hospitalized patients. The median
length of hospitalization was 6 days
(range of 2 to 54 days). Of the 14 patients
with information available, 86% (12 of 14
cases) were hospitalized for 10 days or
less. Of the 16 patients hospitalized, 50 %
(8 of 16 cases) were admitted to the ICU.
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Medical intervention and treatments

Of all 20 VALI patients, 55% (11 of 20
cases) required respiratory intervention.
Of the 11 patients who did, 55% (6 of 11
cases) received oxygen support via nasal
cannula, while the remaining patients
required more intensive or supportive
interventions such as ventilation (3 of 11
cases), continuous positive airway pres-
sure (CPAP; 1 of 11 cases) or extracorpo-
real membrane oxygenation (ECMO; 1 of
11 cases). Additional medical treatments
were provided to several patients, includ-
ing treatment with antimicrobials and/or
steroids. A higher percentage of VALI
patients aged 40 years or older (6 of 9
cases; 67 %) than those VALI patients aged
39 years or younger (5 of 11 cases; 45%)
required respiratory interventions. No dif-
ferences were observed in the type of
intervention by sex.

Vaping behaviours

Of all VALI patients, 75% (15 of 20 cases)
self-reported having vaped nicotine prod-
ucts. Of these 15 patients, 12 (80%)
reported exclusively vaping nicotine prod-
ucts. Seven patients reported vaping nico-
tine products with flavouring. Most of
these reported using more than one fla-
vour (5 of 7 cases). Flavours reported
included tobacco (2 cases), fruit (e.g.
green apple, strawberry guava, “very
berry,” and mango, among others; 6
cases) and other flavours (e.g. cotton
candy, bubble gum, mint, vanilla; 3
cases). Vaping or dabbing of cannabis-
containing products was reported by 40%
of all VALI patients (8 of 20 cases). Of
these 8 patients, 5 (63%) reported exclu-
sive cannabis vaping (representing a
broad category of inhaled substances con-
taining cannabis extracts).

Exclusive nicotine vaping was reported by
both men and women in all age groups.
Exclusive cannabis vaping use was
reported by both men and women less
than 60 years of age. Of those who
reported vaping using both nicotine- and
cannabis-containing products, all were
men and under 20 years of age. More
women than men (60%; 3 of 5 cases)
reported vaping cannabis exclusively,
while more men than women (58%; 7 of
12 cases) reported exclusive nicotine
vaping.

Different types of devices can be used to
vape, creating an inhalable aerosol of

nicotine, flavoured substance and/or can-
nabis extracts; the latter may be in liquid,
semi-solid or solid forms (e.g. “shatter,”
“wax”). Detailed information on type of
vaping or dabbing device used was avail-
able for 14 of 20 VALI cases. Device types
included vape pens with either a tank
(refillable), a pre-filled (single use) car-
tridge, or disposable cartridges. A dab
device (dab rig, bong, nail) and other
devices were also reported. Most patients
(71% 10 of 14 cases) reported using their
device on a daily basis. Information on
the amount of substance used each time
or how many times each day was not pro-
vided. No patients reported using a modi-
fied device; however, one reported
modifying the vaping substance.

In addition to substances vaped, data on
nicotine products and other substances
consumed via other means (e.g. inhaled,
injected, ingested, combusted) were avail-
able for 70% of cases (14 of 20). Of these
patients, three-quarters (79%; 11 of 14
cases) reported prior or current combusti-
ble tobacco use, while 57 % (8 of 14 cases)
reported prior or current combustible can-
nabis use.

Laboratory results of substances and
devices

As of 3 June 2020, HC-ROEB-Laboratories
had received and analyzed 59 samples
related to 8 cases (35 control samples, 16
product samples from patients and 8 sam-
ples collected from one patient’s device—
comprising the substance and swabs of
different parts of the device). Vitamin E
acetate was detected in one control sam-
ple at a very low concentration (0.279 mg/
mL). At this concentration, there is no evi-
dence to indicate it could have caused
VALI-like symptoms. No specific sub-
stance detected or quantified could be
pinpointed as a responsible agent for VALI
symptoms, based on a risk analysis of the
exposure and toxicity information related
to samples tested from VALI patients.
While the substances that were detected
have very low toxicity via the oral route,
the inhalation toxicity of most of the sub-
stances is currently unknown. Vaping lig-
uid was also tested for the presence of
heavy metals such as cadmium, arsenic,
lead and mercury. No heavy metals were
detected in the liquids tested (Table 2).

HC-HECSB-PSL received 11 devices and

evaluated 7 of them. HC-HECSB-PSL's
analysis of the devices revealed no key
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findings via either visual evaluation or
heater coil resistance measurement, and
no heavy metals were detected above the
limit of detection of the x-ray fluorescent
analyzer (< 10 parts per million).

Discussion

From September 2019 to December 2020,
20 VALI cases were reported in Canada,
representing a prevalence of 0.9 cases per
1 million population.* As of 18 February
2020, the CDC reported 2807 EVALI cases
and 68 deaths in the US, representing a
prevalence of approximately 8.5 cases per
1 million population. Given the smaller
number of cases in Canada, as well as the
differing regulatory and health care sys-
tems, it is difficult to compare the charac-
teristics of EVALI in the US with VALI in
Canada. While the EVALI outbreak in the
US was characterized by a sharp increase
in emergency department visits through
the summer of 2019 followed by a peak in
September 2019,"! in Canada, a small
number of cases (1-4) was reported each
month from September 2019 to April
2020.1

Geographically, in the US, EVALI cases
were reported by all 50 states, the District
of Columbia and two US territories
(Puerto Rico and the US Virgin Islands);
rates varied by state, with states in the
northern Midwest (e.g. Illinois, Minnesota,
Indiana) reporting a higher rate of cases
than other states.!'> Although vaping reg-
ulations vary by province, the majority of
VALI cases in Canada (80%) were
reported in British Columbia, Ontario and
Quebec, Canada’s three most populous
provinces, which account for 75% of the
Canadian population. This suggests there
is no geographic centre to VALI cases in
Canada, as there appears to be the US.

Almost half of all VALI cases in Canada
(45%) were among those aged 40 years
and older, and there was a higher number
of cases among men compared with
women (60% male). Comparatively,
three-quarters (76%) of US EVALI cases
were among those aged 34 years and
under, and there was a higher number of
men (66%) compared to women;! a
greater proportion of patients with VALI in
Canada are therefore older than those
diagnosed with EVALI in the US, while

TABLE 2
Summary of vaping liquid analysis by HC-ROEB-Laboratories related to VALI cases in
Canada, September 2019 to December 2020

Results

» Present in 22 samples; content is consistent with label claim for all samples

* For the remaining 13 samples, nicotine was below the limit of detection;
content is consistent with label claim for all samples

* Flavouring agents (e.g. vanillin, benzyl benzoate, benzaldehyde, among others)

Type of vaping

liquid sample
Control Nicotine
(n =35)

Additional substances
« Diluents (benzyl alcohol)

Patient Nicotine
(n =16) e Present in 11 samples

 Nicotine concentration was consistent with label claim in 6 samples; 5 samples
were not large enough to quantify; and in 5 samples, nicotine was not detected
(below the limit of detection), which is aligned with label claim

THC

» Present in 4 samples (from 1 patient)

Additional substances

« Vanillin identified in 1 sample

Liquid extracted Nicotine
from patients’
devices

(n=8) Additional substances

* Present in 8 samples’—not enough sample to quantify

« Vanillin identified in 3 samples; traces of cocaine (on the mouthpiece of the

vaporizer) identified in 1 sample

Abbreviations: HC-ROEB, Health Canada’s Regulatory Operations and Enforcement Branch; THC, tetrahydrocannabinol; VALI,

vaping-associated lung injury.

? In addition to collecting a sample of the liquid in devices, additional samples were also taken from the device itself by swabbing
different components or sections, thus resulting in more samples than the number of devices submitted for testing.

men account for a larger proportion of
both VALI and EVALI cases.

From August to November 2019, approxi-
mately 95% of EVALI patients in the US
had been hospitalized."* Most (80%) VALI
patients in Canada were hospitalized;
however, this was likely due to case-
finding strategies that were limited to hos-
pitalized patients in the majority of the
provinces and territories. Expanding the
case finding beyond hospitals, as was
done by some provinces, led to the detec-
tion of additional cases in clinics and
emergency departments. It is possible that
focussing on hospitalized patients resulted
in underreporting of cases that may have
involved milder symptoms or were
resolved with outpatient interventions,
thus not requiring hospitalization.

In Canada, the most common substance
vaped by VALI patients was nicotine. In
the US, the majority of EVALI patients
self-reported using cannabis-containing
products obtained from informal sources."
For example, 91% of EVALI cases in

Minnesota and three patient clusters in
Wisconsin (8 cases) involved cannabis-
containing vaping products obtained from
informal sources such as friends, family or
in-person or online dealers, and 75% of
THC-containing products reported in
California also came from such informal
sources.'*! In Canada, one VALI patient
reported modifying vaping substances,
which may have changed the chemistry of
the liquid vaped, potentially contributing
to adverse effects.’® Similarly, traces of
cocaine detected on one device may indi-
cate the individual was experimenting to
produce a different user experience, which
may have resulted in adverse health
effects. The difference in prevalence
between VALI and EVALI cases may be
due to the increased proportion of patients
reporting vaping cannabis-containing
products from informal sources in the US.

More than one potential factor contribut-
ing to illness may have been present in
Canada at the same time as the US EVALI
outbreak. The outbreak of EVALI in the
US was strongly associated with vitamin E

* Population estimates were calculated based on Statistics Canada Table 17-10-0009-01, Population estimates, quarterly (2020 Q1). Prevalence is presented per population per year.

" Surveillance is ongoing; additional data and cases may be reported outside the surveillance period included in this report.
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acetate added to cannabis-containing vap-
ing products obtained from informal
sources;'”!® however, it was not linked to
any of the Canadian cases in sufficient
amounts. A vitamin E acetate concentra-
tion of 0.279 mg/mL (0.03%) was
detected in one Canadian control sample;
concentrations of 23% to 88% were
detected in samples from EVALI cases."
Other chemicals that may be present in
vaping products cannot be ruled out as
contributing factors;* furthermore, pre-
existing conditions add complexity to case
evaluation.

Regulatory differences may have contrib-
uted to the differences between case char-
acteristics in Canada and the US as well.
Canada’s October 2019 legislation regulat-
ing inhaled cannabis extracts, including
cannabis vaping products, closely restricts
additives, carrier ingredients and sub-
stances and contaminants (e.g. pesticides
and heavy metals) that may pose a risk of
injury to human health.?** However,
inhaled cannabis extracts frequently used
with accessories such as vaping devices
did not enter the legal marketplace until
December 2019; products used during
some of this investigation, prior to
December 2019, may not have adhered to
these regulations. In the US, there was no
federal oversight of these products at the
time of the outbreak, requiring each state
to develop its own set of regulations and
restrictions, resulting in regulations that
varied from state to state. States such as
Colorado and California, where the adult
use of cannabis is legalized, reported
lower rates of EVALI cases compared to
states where cannabis use is illegal.?* The
variability of product regulations in the US
likely did not impact the products used by
Canadians, as importation of cannabis-
containing products by consumers is pro-
hibited in Canada. Thus the likelihood of
adulterated products from the US being
legally imported into the Canadian mar-
ketplace is reduced.?

It is likely that the EVALI outbreak in the
US led to increased surveillance and
awareness of the potential for vaping-
related harms in Canada, which may have
contributed to the detection or identifica-
tion of cases that might not have been
reported otherwise or aggregated at the
national level.?**® Long-established gover-
nance structures and relations with the
Pan-Canadian Public Health Network, the
CCMOH,® provincial and territorial health
authorities and the media may have

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice

expedited timely information sharing,
raised awareness and enhanced surveil-
lance of the potential for harm related to
vaping products. Furthermore, an infor-
mation update to the general Canadian
population warning of the potential risk of
VALI in September 2019 may have
encouraged self-regulating behaviours
such as refraining from using illicit prod-
ucts and discontinuing the use of vaping
products if feeling sick. Further research
and surveillance are needed to understand
the effect of this messaging on behav-
ioural change.

Strengths and limitations

Our study exploring the trends in VALI
cases in Canada contributes to the evi-
dence base and consequently to improved
understanding of severe vaping-related
harms and the clinical management of
suspected VALI cases.

However, our results should be viewed in
light of certain limitations. The small sam-
ple size (20 cases) and limited case histo-
ries of patients in the study limited the
analyses and interpretation of results,
making it difficult to identify a particular
risk factor. The data may be subject to
reporting biases from patients, their fami-
lies and health care providers, as most
were collected retrospectively and some
patients could not remember the products
used. Individuals may have been hesitant
to disclose use of cannabis-containing
vaping products, given these products
were illegal in the Canadian marketplace
until December 2019, fearing the stigma of
using illegal products and the repercus-
sions of admitting use. Due to the small
sample of products tested by HC-ROEB-
Laboratories and HC-HECSB-PSL, the
results of the laboratory tests should not
be interpreted as identified causes of
VALI. Furthermore, no bronchoalveolar
lavage samples were tested for Canadian
cases, which was a key factor in identify-
ing vitamin E acetate in the US investiga-
tion. Underreporting of cases and vaping
behaviours likely occurred in a similar
extent in both Canada and the US.

VALI is a diagnosis of exclusion and its
symptoms may occur along a spectrum.
Patients who presented to emergency
departments with mild symptoms and/or
whose symptoms resolved with outpatient
interventions may be underreported or
not identified. Without a baseline, it is dif-
ficult to know if rates of VALI-like

presentations differ as a function of fre-
quency and duration of use, which cannot
be known from counts among vaping
patients alone. Given the prevalence of
vaping in the population in Canada, espe-
cially among youth, and the nonspecific
nature of the case definition and symptom
presentation, the possibility that vaping is
coincidentally associated with VALI in at
least some cases cannot be excluded.
Additionally, with more than half of the
cases classified as probable, some caution
must be exercised regarding misdiagnosis
and confounders; patients with respira-
tory infections or other conditions causing
infiltrates may have been captured as
VALI due to a vaping history that may not
have been related to their symptoms.

Furthermore, more than two-thirds of
VALI patients reported prior or current use
of combustible tobacco or cannabis or
both, thus exposing these patients to lung
damage potentially unrelated to vaping.
Many also reported pre-existing condi-
tions that may have affected lung function
and contributed to greater severity of ill-
ness in certain cases. Since February 2020,
when the COVID-19 epidemic began in
Canada, probable or confirmed COVID-19
cases could have confounded potential
VALI cases, given the overlap of symp-
toms and disease progression.* While
provinces and territories continue to mon-
itor for and report on VALI cases, the de-
escalation of active surveillance of VALI
due to COVID-19 transmission in Canada
may have contributed to underreporting
of cases since March 2020.

Conclusion

While vaping is generally considered to
lead to lower exposure to known toxicants
than combustible smoking, there are still
many unknowns about vaping of sub-
stances, and it is not without risks. VALI
was detected in Canada between
September 2019 and December 2020; how-
ever, it was at a much lower rate and pos-
sibly through a differing mechanism than
EVALI in the US. Unlike in the US, where
vitamin E acetate was identified as a novel
adulterant in cannabis-containing products
obtained from informal sources, it was not
identified in sufficient amounts in any
products tested related to VALI cases in
Canada. Although nicotine products were
reported to have been used by the majority
of VALI patients and detected in several
product samples, a causal relationship can-
not be assumed at this time. No single
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causative agent responsible for VALI could
be identified.

As the prevalence of using nicotine and
cannabis-containing  vaping  products
increases in Canada, especially among
youth who have previously never smoked,
additional research is needed to clarify
how changing patterns of vaping product
use, including the frequency and intensity
of use, may contribute to acute and chronic
harms, including VALI, nicotine or canna-
bis addiction and future smoking trends. In
addition, continuing education to primary
care physicians, emergency department cli-
nicians and other primary care or outpa-
tient health care providers (e.g. nurse
practitioners) is important to maintain
awareness of VALI as a potential diagnosis.

The factors influencing VALI in Canada are
likely complex and multifactorial. While
evidence is lacking in this area, it is impor-
tant to investigate both the short- and long-
term health effects of nicotine and cannabis
vaping, including the possible influence on
susceptibility to infectious diseases.
Maintaining awareness and vigilance for
the detection and reporting of VALI cases
by health care providers is important to
capture a complete picture of VALI in
Canada and better characterize factors
influencing VALI.
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