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ABSTRACT

Background: Tobacco use remains the leading risk factor for preventable disease in Canada.
Although tobacco smoke is the direct cause of smekidgced diseases, nicotine addiction
sustains the use of tobacco. Electronic cigaretteg@@ettes) are battegyowereddevices that
deliver nicotine in an aerosol form. Despite a restriction on the sale of nicotm&ning e
cigarettes in Canada, products with and without nicotine are accessible to Carflthangh
e-cigarettes are likely to be much less harmful ttedbracco cigarettes, empirical evidence of
potential reduced risk at the individual level is limited. To date, behavioural switching studies
involving tobacco cigarettes anecegarettes are limited by restrictions placed emgarette user

and product chracteristics, and few have examined biomarkers of exposure among concurrent
(dual) users of these products. Furthermore, although dual users constitute the majority of e
cigarette users in Canada, little is known about their behaviibercurrent studyeeks to fill

several critical evidence gaps regarding a | userso6 patterns of wuse a
tobacco smoke constituentsthe Canadian context.

Objectives: The study examined: 1) Patterns of use and perceptions of tobacco cigare¢tes and
cigarettes among dual users. In the context of product switching, the study examined: 2)
Exposure to nicotine and compensatory behaviour; 3) Exposure to tobacco smoke constituents;
4) Symptoms of nicotine withdrawal for tobacco cigarettes atigaretes, respectively; 5) Self
efficacy for abstaining from smoking tobacco cigarettes and usingpeettes, respectively; and

6) Perceived respiratory health.

Methods: An unblinded withinsubjects experiment was conducted with a sample of adult daily
dualusers (n=48) in KitchenaiVaterloo and Toronto, Ontario. Participants completed three
consecutive seveday periods in which the use of tobacco cigarettes anglagettes was

experimentally manipulated, resulting in four study conditions: dual use, mxeclise of

tobacco cigarettes, exclusive use -@igarettes, and use of neither product. To control for order

effects, the order in which participants experienced the study conditions was randomized.
Participantsd behavi ouobsaccaasmake mnstiuerdsiwere assessedn i ¢ o
following each study condition. Patterns of use and product perceptions were examined at

baseline using descriptive statistics. Repeated measures models were used to examine the



following outcomes: compensatory belwur for nicotine, exposure to tobacco smoke

constituents, symptoms of nicotine withdrawal, sdffcacy, and perceived respiratory health.

Results: Dual users were 36 years of age, mostly male (71%), and exhibited low to moderate
nicotine dependence (ED: 4.7 (SD=1.9)). Study participants had smoked and vaped daily for
17.4 (SD=12.2) and 1.2 (SD=0.9) years, respectively, and all reported initiating use of tobacco
cigarettes prior to-eigarettes. Although dual users reported similar daily consumption of

tobacco cigarettes andcegarettes (13.7 (SD=5.6) tobacco cigarettes per day vs. 10.9 (SD=11.4)
bouts of ecigarette use, p=0.09), a greater proportion reported smoking tobacco cigarettes within
the first hour of waking (98% vs. 59% foicggarettes; p<®@01). Virtually all dual users reported
using tank systems (92%) andigarettes with nicotine (94%). The most commonly reported
reasons for using-eigarettes included: to smoke fewer tobacco cigarettes (79%), to help with
cravings for tobacco cigarest€71%), and because of the belief thatgarettes are less harmful

than tobacco cigarettes (71%). Compared to tobacco cigarettes, dual users considered e
cigarettes as more socially acceptable (65%), less satisfying (67%), less pleasurable (64%), less
harmful (87%), and less expensive (81%).

Findings from the produgwitching experiment indicated that compared to dual use, levels of
urinary cotinine were stable when participants exclusively smoked (p=0.524), but significantly
decreased when they exdiedy vaped (p=0.027), despite significant increasesdigarette
consumption (p=0.001). Biomarkers of exposure, including exhaled carbon monoxide (CO),
urinary thydroxypyrene (dHOP), and urinary 4methylnitrosaminc)L-(3-pyridyl)-1-butanol
(NNAL), were significantly lower when participants exclusively vaped, as compared to when
they engaged in dual use (C@1%, p<0.001; HOP:-31%, p=0.025; NNAL:30%, p=0.017).

A similar trend was observed among participants abstaining from both tobacco cigarettes
cigarettes, as compared to dual use (€26%, p<0.001; HOP:-14% (ns); NNAL:-35%,

p=0.016). In addition, biomarkers of exposure showed an increasing trend among participants
when they exclusively smoked as compared to dual use (CO: +21%, p=D192%: +23%,
p=0.048; NNAL: +8% (ns)). Study participants experienced significantly greater urges to smoke
tobacco cigarettes when they were not permitted to do so (p=0.001). Although changes in
par t i ci-pffcacy fer@bstaimng from tobacco eigttes depended on the order in which
they experienced study conditions, the-gdlicacy of all participants at the end of the product



switching experiment did not differ significantly from their baseline values. In contrast,
participants reported noggiificant changes in urges to useigarettes (p=0.460) or in their self
efficacy to abstain from usingagarettes (p=0.150) across study conditions. Dual users reported
significant improvements in various domains of respiratory health when they absft@m

smoking tobacco cigarettes, including improvement in experiencing shortness of breath, cough,
cough with phlegm, sounds emanating from the chest, and in perceived lung function (p<0.001

for all).

Conclusions:The findings suggest that dual use behaviour is similar to that in other
jurisdictions, despite Canadads restrictive r
cigarettes appear superior taigarettes in their ability to deliver nicotine. Althougbstaining

from smoking tobacco cigarettes elicits cravings, it is also associated with significant

improvements in perceived respiratory health. Consistent with other research, results from the
current study demonstrate that abstaining from tobacco tiggis the most important factor in

reducing exposure to tobacco smoke constituents. Therefore, dual use is likely to have public

health benefit only to the extent that it leads to complete smoking cessation.

Vi
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1 INTRODUCTION

1.1 Tobacco use in Canada

Tobacco use represents an immense public health challenge, given its role as one of the most
important risk factors for neoommunicable disease, including cardiovascular disease,
respiratory diseases, and cancer (U.S. Department of Health and HumarsSgiSDHHS],

2014). The World Health Organization (WHO) (2013) attributes approximately six million
deaths and half a trillion dollars of economic damage to the use of tobacco annually. Left
unhindered, tobacco will kill as many as one billion people byetid of the century (WHO,

2013). In Canada, despite substantial declines in smoking prevalence over several decades,
tobacco use remains the leading risk factor for preventable disease (Krueger, Turner, Krueger, &
Ready, 2014). In addition, tobacco usagals a significant burden on the economy. For instance,
the annual costs associated with tobacco use amounted to approximately $21.3 billion in 2012
(Krueger et al., 2014).

1.1.1 Product design and market

Cigarettes are tobacco products that deliver variousiciaé compounds to the user via tobacco
smoke, which is the product of combustidobacco smoke is a complex aerosol mixture
consisting of more than 7,000 chemical compounds, which forms as the vapors generated by
combustion cool and condense upon dejiterthe user (USDHHS, 2010; WHO International
Agency for Research on Cancer [IARC], 2004). The main components (by weight) of tobacco
smoke include nitrogen, oxygen, carbon dioxide, carbon monoxide, nitrogen oxides, and various
sulfur-containing gaseousmpounds. Carbon monoxide and carbon dioxide result from the
combustion of tobacco and represent nearly 15% of the weight of the gas phase of tobacco
smoke (USDHHS, 2010).

Nicotine is a key constituent of tobacco, with most commercial tobacco produgiagar

concentrations from six to 18 mg/g (AL@B% by weight) (USDHHS, 2010). Nicotine in tobacco

smoke exists in either a protonated ofpun ot onat ed (Afreeo) form, the
upon various factors. Over the last century, the design afetiga has evolved to ensure that

tobacco smoke has enough free nicotine for rapid transfer and delivery to the user, but not so

much as to make smoking overly harsh (USDHHS, 2010).



Tobaccespecific nitrosamines (TSNAS) are a family of potent carcinogeasiding NNK [4
(methylnitrosaminc)l-(3-pyridyl)-1-b ut anone]ni tNrNONs d mMN&dr ni € ot i ne] ,
nNitrosoanab as initrasdanatatane]dAs théAnbme] oNfds family of compounds
suggests, TSNAs are specific to tobacco and tobacco smoke, tthedr tpresence at high levels

in these sources as compared with other consumer products (USDHHS, 2010). TSNAs are
predominantly formed during the curing and processing of tobacco as well as through
combustion (IARC, 2004); as a result, levels of TSNA®bacco and tobacco smoke can vary
widely both between and within brands across markets (USDHHS, 2010).

Polycyclic aromatic hydrocarbons (PAHs) are chemical compounds formed by incomplete
combustion of natural organic matter, such as wood, petrolewhtobacco. Due to the fact that
PAHSs are found throughout the environment, exposure to these chemicals may have various and
multiple sources (USDHHS, 2010). At least 500 PAHs have been found in tobacco smoke, of
which 16 have been identified as causingaving the potential to cause cancer. Levels of PAHs

in tobacco smoke have been shown to vary by the type of tobacco and the nitrate content of
tobacco products (USDHHS, 2010).

1.1.2 Health effects

Tobacco smoke is the key medium through which a host of chemicals are delivered to smokers,
resulting in various health effects. Smoking causes cancers of the lung, larynx, oral cavity,
pharynx, esophagus, pancreas, bladder, kidney, cervix, and stomaeli, asacute myeloid
leukemia; furthermore, there is evidence that suggests a causal relationship between smoking and
colorectal and liver cancers (USDHHS, 2010). In addition to being a major cause of
cardiovascular disease, cigarette smoking appe&@vima multiplicative interaction effect with
other major risk factors for coronary heart disease, including hyperlipidemia, hypertension, and
diabetes mellitus (USDHHS, 2010). Tobacco smoke also causes varieoshgnmant

respiratory diseases, includingronic obstructive pulmonary disease (COPD), emphysema,
chronic bronchitis, and asthma, and further increases the risk of death from pneumonia
(USDHHS, 2010).

Several classes of carcinogens, includi®NAs, PAHs, aromatic amines, aldehydes, volatile
organic hydrocarbons, and metals, are present in tobacco smoke and have been implicated in

various cancecausing mechanisms. Extensive research has demonstrated the uptake of these



carcinogens by smokers, who have higher levels of carcinogen metabdiites urine than do
nontsmokers (IARC, 2004; USDHHS, 2010). Many of the carcinogens noted above cause cancer
via the production of DNA adducts, which, if left unrepaired, can cause various permanent
mutations and damage to critical genes involved in thé&aloof cellular growth (IARC, 2004).

In particular, research has demonstrated the potency of NNK as a pulmonary carcinogen in both
rat models and human smokers (IARC, 2004). The key constituents of tobacco smoke
responsible for cardiovascular diseasdude oxidizing chemicals, nicotine, carbon monoxide,

and particulate matter (USDHHS, 2010). Finally, various components of tobacco smoke,
includingacrolein,formaldehyde, nitrogen oxides, cadmium, and hydrogen cyanide, have the

potential to injure the luys, resulting in respiratory diseases (USDHHS, 2010).

Although tobacco smoke is the direct cause of smekidgced diseases, nicotine addiction
sustains the use of tobacco: among individuals who have ever tried smoking, approximately one
third become d&y smokers; furthermore, among smokers who try to quit, less than five percent
are successful at any one time (Benowitz, 2010; USDHHS, 2010). Nicotine is an addictive drug
whose psychoactive impact depends upon the dose of nicotine delivered and théitsode o
delivery to the human brain (USDHHS, 201%he inhalation of tobacco smoke delivarsotine
rapidly into the bloodstream and to the brain, which promotes dependence and high levels of
smoke exposure (IARC, 2004). This feature distinguishes toludgarettes as highly appealing

and addictive when compared to other tobacco and nicotine products (Zeller & Hatsukami,
2009).

Nicotine is a highly bioactive compound with a wide range of effects. Although relatively benign
among adult populations, nicotithas been linked with diverse adverse health outcomes for the
developing fetus and for adolescents, particularly with respect to brain development (USDHHS,
2014; England, Bunnell, Pechacek, Tong, & McAfee, 2015). In addition, nicotine poses risk of
acutetoxicity or poisoning from ingestion at higgénough doses (USDHHS, 2014).

Research evidence indicates that cigarette design features, such as tobacco blend, filter type and
length, paper type and porosity, ventilation, and chemical additives, infldsngeetd of

tobacco smoke constituents (USDHHS, 2010). Furthermore, smoking characteristics influence
the delivery of these constituents to smokers. These include puff topography characteristics (puff

number, duration, volume, flow rate, and irperff interval), cigarette length smoked, and



blockage of ventilation holes, and exhibit considerable variability across smokers (USDHHS,
2010). The size of constituent particles also plays an important role in their deposition and
retention in the respiratory sgsh, which influences risks for health (USDHHS, 2010). In sum,
many factors may play a role in determining the exposure of smokers to toxic constituents found

in tobacco smoke and the implications of such exposure for health.

1.1.3 Prevalence and patterns of use

According to the Canadian Tobacco, Alcohol and Drugs Survey (CTADS), as of 2015, 13.0% of
the Canadian population aged 15 years and older were current snitdieisHammond,
Rynard,Madill, & Burkhalter, 20¥). Among current smokers, a majority reporgetbking

daily, with an average daily cigarette consumption of 13.8 cigarettes per day. Smoking
prevalence varies by age, with the highest rates of prevalence among young adultsZzaged 20
years (18.5%). Smoking prevalence also varies by sex, with higheaal@nce among males

(15.6%) than females (10.4%). In addition, male daily smokers consume nearly three cigarettes
more per day than females (15.2 and 11.9, respectieéyl et al.2017).

1.2 E-cigarette use in Canada

1.2.1 Product design and market

Hon Lik, a Chinese pharmacist, is credited with inventing the modern electronic cigarette (e
cigarette), a type of electronic nicotine delivery systeroigarettes use battery power to heat a

solution, producing an aerosol that is inhaled by users (Besar& Tommasi, 2014)E-

cigarette solutions typically contain nicotine dissolved in propylene glycol and/or glycerin, and

may contain various additives and flavours (Bertholon, Becquemin, AN@sano, &

Dautzenberg, 2013).-Bigarettes have evolvedpor oduce t hree distinct fig
of products: 1) disposable products; 2) products that usilprecartridges that can be replaced

by the user; and 3) products that arehargeable and have an open tank or reservoir that may

be filledwith liquid by the user (Grana, Benowitz, & Glantz, 2014). Disposable products and
thosethatusepei | | ed cartridges are fAcl osedo systems
filled with liquid or for their component parts to be replaced by the used)tend to be similar

in appearance to tobacco cigarettes. In contrashaggeable products (commonly referred to as
Atanko systems), are typically bul kier, heavi

These product s asyseems;mearsng tiey are idtendied to Hdreab with



liquid. Furthermore, these products allow users to modify product components, such as battery
capacity and voltage, which subs 8eland,isoule,y i nf |
Lopez, Rama, ElHellani, & Eissenberg, 201&rana, Benowitz & Glantz, 2014). Images of the

variety of available €igarette products are shownHigure 1

Figure 1: Variety of available e-cigarette products
Examples of closed Examples of open ECIG systems and parts
ECIG systems A

Cartridge “Tank” Battery
(fillable)

[
Il ¢

=5
L
-

Notes:
Figure adapted frorBreland et al, 2016.

Over the last decade;oggarettes have spread from China to the rest of the world, with rapid
growth in the number of brands, models, and flavours available to consumers (Zhu, Sun,
Bonnevie, Cummins, Gamst, Yin, & Lee, 2014). Althbugdependent-eigarette

manufacturers were the only stakeholders in the glebajarette market in its early years, the
tobacco industry has since entered by either acquiring independent companies or developing its
own products (Kamerow, 2013). Consist with other markets;@garettes in Canada are

available in both briclandmortar and online retail outlets, in a variety of types, flavours, and
nicotine concentrations (Hammond, White, Czoli, Martin, Maggenis, & Shiplo, 2015). However,
when comparetb the United States (US), the Canadian market is distinct in its relative
availability of nicotinefree products and in its dominantigarette brands (Hammond et al.,

2015), likely as a result of its current regulatory framework (discussed further)bllayeneral,
e-cigarettes are commonly marketed to smokers as potential cessation aids and/or as substitutes
to use in situations that prohibit smoking (National Cancer Institute [NCI] & Centers for Disease
Control and Prevention [CDC], 2014gnningfietl & Zaatari, 2010; Benowitz & Goniewicz,

2013.



1.2.2 Health effects

To date, available evidence regarding the health effecteigbeettes indicates that they are

likely to be much less harmful than tobacco cigarettes, given that they do not contain tdbacco,
not rely on combustion, and thus do not produce smoke (Hajek, Etter, Benowitz, Eissenberg, &
McRobbie, 2014). However, other constituents-ofgarette liquids and aerosols may pose

health risks to users.

First, nicotinei which may or may not be @ment in ecigarette§ poses the same health risks as

it does in tobacco cigarettes. Second, propylene glycol and/or vegetable glycerin are typical
solvents used in-kquids. Propylene glycol is an alcohol that is commonly used as: an additive
in foods ad cosmetics, a solvent in pharmaceuticals, an antifreeze, and as a key ingredient in
theatrical mist or fog (Bertholon et al., 2013). Studies examining the health effects of theatrical
staff exposed to such mist concluded that massive and prolonged expassilts in irritation of

the airways (Bertholon et al., 2013). Vegetable glycerin is aoxin additive that is widely

used in the food and chemical industry. However, it may pose a risk as useidanettes due to

the fact that it can generate toxicroleinat high temperatures (Bertholon et al., 2013). Next,
flavouring agents are commonly added tcigarette liquids. Although most of these are
commonly used in foods and indoor fragrances, data regarding the health effects related to their
inhalaton are not available (Bertholon et al., 20B8eland et a] 2016).Finally, various
contaminants, such as TSNAs, volatile organic compounds, polycyclic aromatic hydrocarbons,
metals, carbonyls, glycols, and aldehydes have been identified in some safnegigsids, at
variable amounts, although typically at levels far below those found in cigarettes (Bertholon et
al., 2013; Breland et al., 2016ernandez, Ballbe, Sureda, Fu, Salto, & MartiBanchez, 2015).
Furthermore, the presence of several spgecdntaminants and irritants may be associated with
specific flavours and/or as a result of excessive heating during product use (Behar, Davis, Wang,
Bahl, Lin & Talbot, 2014; Farsalinos, Kistler, Gillman & Voudris, 2015; Farsalinos, Voudris &
Poulas, 203). In sum, although limitedvailable evidence indicates thatigarette aerosol
exposure can result in shderm respiratory effects, such as irritation and cough, as well as
nausea and vomiting; however, the léegn health effects of these produamain unknown
(Grana, Benowitz & Glantz, 2014).



1.2.3 Prevalence and patterns of use

As of 2015, 13.% of Canadian adults had ewged an ecigarette, while 3.% reported using

these productms the past 30 days, and 1.0% reported daily(Reed, HammondRynard,

Madill, & Burkhalter, 20%). These findings represent significant increases in useigbeettes

from 2013 Czoli, Reid, Rynard & Hammond, 201 %revalence of-eigarette use varied by

age, with the highest rates of ever use among youth agéfl (Z.7%) and young adults aged
20-24 (30.5%); these groups also had the highest prevalence of current use (6.3%). In addition,
ever use of €igarettes was higher among males (16.1%) compared to females (10.5%) (Reid et
al., 2017).

Prevalence of-eigartte use was also found to vary greatly by smoking status, with greater rates
of use among smokers compared to-sorokers. Rates of@garette ever use were 51.0%
among current smokers compared to 7.6% amonegsnwkers. Similarly, current use of e
cigarettes was 15.5% among current smokers and 1.4% amorggmakers. Although-e

cigarette ever and current use did not differ by sex among smokers asthokers, differences
in use rates were seen by age. With respect to ever usggafrettes, use wasgdfiest among
youth aged 189 (82.5% and 19.6%) and young adults age@£2(80.0% and 19.4%), and
declined with age, among both smokers andsmokers, respectively. Prevalence afigarette
current use followed a similar pattern, with the highest @ftese among youth aged-19

(36.9% among smokers, and 3.0% amongsmokers) (Reid et al., 2017). Thus, data indicate
that in the Canadian contextcigarette use is most common among young people and among
smokers, and rates of use are increasing timer (Czoli, Reid, Rynard & Hammond, 201Reid

et al., 2017).

1.3 E-cigarettes and public health

The presentation ofeigarettes as modern, potentially acceptable alternatives to tobacco in

todaydéds mar ket creates many itateedactechht&ibaredtes ges f o
appeartoberisk educi ng for an individual s health (a
use may not be harmeducing for the overall population; this is because the public health impact

of such products dependsoreuss 6 behavior (Stratton, Shetty,

which may differ in important respects across different subpopulations, with the potential to

yield both positive and negative effects.



1.3.1 Potential to reduce tobacco use

E-cigarettes may preseatpotential public health benefit to the extent that they decrease
smoking rates, thereby reducing smokerso6 expo
tobacco smoke. The benefits of quitting smoking have been shown for smokers of all ages: the
lifetime risk of premature death of smokers who quit completely and permanently early in life is
very similar to that of noismokers (Doll, Peto, Boreham & Sutherland, 2004; USDHHS, 2010).
Although this evidence holds for two of the three main fatal conditansed by smoking
cardiovascular disease and COPfrmer smokers carry a persistent elevated risk for lung
cancer, as compared to nemokers of the same age (Doll et al., 2004; USDHHS, 2010).
Nevertheless, in the face of an addictive habit thataldlim the lives of ondalf of all long

term smokers (Doll et al., 2004), and in light of the fact that less than two percent of smokers
successfully quit smoking each year (Giovino, 2002), a potential decrease in the-taatecb

health burden could deed be substantial.

The efficacy of ecigarettes in smoking cessation is presently unclear. Many smokers report
using ecigarettes to quit smoking; indeed, quitting or cutting down smoking are the most
commonly reported reasons for usingigarettes (Gna, Benowitz & Glantz, 2014; Carroll
Chapman & Wu, 2014). To date, two randomized control trials have examined the use of e
cigarettes as a quit aid. One trial failed to find consistent differences acrosstigascte
conditions (Caponnetto, Campag®abella, Morjaria, Caruso, Russo, & Polosa, 2013), while
the other reported similar abstinence rates among participants assigjgaceétes as those
assigned nicotine patches (Bullen, Howe, Laugesen, McRobbie, Parag, Williman, & Walker,
2013). Howeverit should be noted that these studies were limited by inadequate statistical
power, and by their employment of early modeigarettes with uncertain or poor nicotine
delivery profiles. A recent Cochrane review of these studies concluded that usdinénico
containing ecigarettes in these trials led to increased {mrgh cessation and a reduction in the
number of cigarettes smoked, as compared to placelyaeettes (McRobbie, Bullen,
HartmannBoyce & Hajek, 2014; HartmarBoyce et al., 2016). Furthegsearch involving

novel products is needed to evaluate the cessation potential of these devices (Lopez &
Eissenberg, 2015).



1.3.2 Potential negative effects

E-cigarettes also have the potential to undermine public health in several ways. First, there is the
possibility that smokers will take up these products, but use them in places or at times where or
when smoking is prohibited. In essence, smokers may use these products as an aid to continue,
rather than to quit, smoking. In the event that smokers docha\ee complete cessation (i.e., do

not change their cigarette consumption or reduce their cigarette consumption, while taking up e
cigarettes), they are unlikely to experience any significant health benefits (Bjartveit & Tverdal,
2009; USDHHS, 2010).

A second concern is the potential efigarettes to attract novel users and/or to reclaim former
users. Of particular concern is the appeal-ofgarettes to youth, who, according to the gateway
hypothesis, may initiate nicotine use witicigarettes and,rece addicted, progress to smoking
cigarettes, exposing them to significant health risks (WHO, 2014). Advertising and promotion of
e-cigarettes, as well as the vast availability of flavours of these products, have been cited with
concern as potentially apgleng to youth (Standing Committee on Health, 2015). Although not

yet empirically examined,-eigarettes may also pose a risk for relapse among former smokers,
given the potential reduced harm profile they pose to individual users (Rass, Pacek, Johnson, &
Johnson, 2015).

Third, ecigarettes have the potential to weaken existing tobacco control policies. Public health
professionals have expressed concern over the similaritgigheettes to tobacco cigarettes,

with respect to both product design and bé&haal use (Standing Committee on Health, 2015).
Due to this similarity, &igarettes may erode the social unacceptability of smoking that currently
prevails (WHO, 2014). Given the successes of tobacco control policies in reducing smoking
prevalencé by encouraging quit attempts by smokers and by preventing uptake byiytheh

risk of renormalization may have a significant impact on public health (CDC, 2014; Holford et
al, 2014).

Although some or all of these potential positive and negative effect®ccay with respect to

t h disruptive technologiyof e-cigarettes FagerstromEtter & Unger, 2015), the public health
impact of these products will result from the net effect of these consequences on the smoking
rate of the population (Benowitz & Goniewwc2013; Czoli et al., 2015; Zeller, 2012). The

behavior of dual use, meaning the regular current use of both tobacco cigarettesganetees,



is a particular issue that warrants public health attention because of its potential to yield both
positive(i.e., smoking reduction/cessation) and negative (i.e., delay of cessation) impacts
(Benowitz & Goniewicz, 2013; Rass et al., 2015).

1.4 Dual use of cigarettes and-eigarettes

1.4.1 Dual use in Canada

Data from the 2015 CTADS describe prevalence of dual use in the Canadian context. Dual use
appears to be common, given that the majority (63%) of current usersgarettes also

reported currently smoking tobacco cigarettes (Reid et al., 2017). Therfiwopf ecigarette

current users who were current smokers was lower among youth ad8d36%), as well as

among adults aged 2B} (56%), and greater among young adults age242®8%), as well as

among adults aged 45+ (70%) (Reid et al., 2017). ide8pe high prevalence of dual use in
Canada, evidence regarding dual use behaviour
compounds is scarce. In addition to CTADS, several population surveys have been conducted
examining ecigarette use among @Gadians (Czoli, Hammond, & White, 2014; Czoli,

Hammond, Reid, Cole, & Leatherdale, 2015; Hamilton, Ferrence, Boak, Schwartz, Mann,
o6Connor, & Adlaf, 2015; Shiplo, Czoli, & Ham
examine behaviours among dual ussess distinct subpopulation. While findings from the

International Tobacco Control Fe@ountry Survey from 202011 reported rates of and

reasons for use of@garettes among former and current smokers, data are limited with respect

to their outdated dkection period, and by the fact that they are pooled across Canada, the US,

the United Kingdom, and Australia (Adkison et al., 2013). Consequently, the current evidence

base regarding dual use is drawn mainly from studies conducted in other contexts.

1.4.2 Patterns of dual use

Research evidence regarding the behaviour of dual use stems from six sources:

1 An online survey of adult-eigarette users (n=2807), of which 20% were currently
smoking cigarettes (n=553), recruited via onlirggarette forums betweét®12 and
2014 (Etter, 2015);

1 An online survey of adult dual users in the US (n=350), conducted in May 2014 (Rass et
al., 2015);
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1 A national panel survey of current adult smokers in the US (n=2254), of which 24% were
currently using eigarettes (n=582), caicted in ApritMay 2014 (Rutten et al., 2015);

1 A casecontrol study of dual users (n=3530) matched for age and gender with foarmerly
smoking vapers (n=3530), recruited via onlireigarette forums in Aprluly 2013
(Farsalinos, Romagna, & Voudris, 2015);

1 A survey of 319 adult smokers and vapers in Munich, Germany, of which 30% were dual
users, recruited using various methods in 2012 (Rther et al., 2016);

1 An online survey of young adults in the US, of which 31% were dual users, recruited
online in Augus014 (Berg, 2016).

Rass and coll eaguesd (2015) survey data provi
In this study, dual use was defined as: use@garettes and tobacco cigarettes for at least three
months each, use ofaggarettes ad tobacco cigarettes in the past week, and use of a nicotine
containing ecigarette. Overall, dual users used tobacco cigarettes more-thgarettes,

smoking tobacco cigarettes more times per day and more days per week, as compared to e
cigarettes. Fuhermore, dual users appeared to be more dependent upon their tobacco cigarettes
versus their €igarettes, as evidenced by: higher scores of nicotine dependence, less time to first
use of the day, greater reluctance to give up the first use of the datgerdikelihood of daily

use, and stronger cravings. With respect to the temporality of dual use behaviours, initiation of
tobacco cigarette use aftecigarette use was observed in only one of 350 study participants
(Rass et al., 2015).

Etter (2015 rpor t ed a si gni f i c an-epodtes oumbea &f wbaccm d u a l u
cigarettes smoked per day (CPD) since the initiationafarette usdrom a mean of 23 to a

mean of nineSimilarly, dual users from both Usased surveys reported change€RD since

the initiation of ecigarette use: in both studies (by Rass et al., 2015, and Rutten et al, 2015,
respectively), slightly over half the sample reported reductions in CPD (50%#8&6il slightly

less than half reported no change in CPD (45% aPt) Adhile very few dual users reported an
increase in CPD (5% and 2%) (Rass et al., 2015; Rutten et al, 2015). Rass and colleagues (2015)
provided some further detail on reduction of cigarette smoking among their sample of dual users:
since initiation of ecigarette use, the median CPD decreased significantly from 10 to seven,

corresponding to a 30% reduction. Furthermore, among dual users in this sample, those who
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used ecigarettes daily had significantly greater reduction in CPD compared tdailyruses
(Rass et al., 2015). Dual users in the aas#rol study by Farsalinos, Romagna, & Voudris,
(2015) all reported a reduction in their consumption of tobacco cigarettes since taking up e
cigarettes: approximately twibirds of dual users were smoking toba cigarettes daily (with a
reduction in median CPD from 20 to four), while eh&d were smoking tobacco cigarettes

occasionally.

Il n an examination of dual userso6 past quit at
68% of dual users reped a past serious quit attempt for tobacco cigarettes, and 41% reported a
serious quit attempt for tobacco cigarettes in the past year. Further, 68% reported having used
nicotine replacement therapMRT), cessation medications, or other methods to assggiitting

tobacco cigarettes. Finally, a comparison of quit intentions for tobacco cigarettesigacktes

showed that twice as many dual users were planning to quit using tobacco cigarettes (73%)

versus ecigarettes (36%) in the next year (Rassl.e2815).

Rass et al. (2015) also found differences in the settings in which dual users used their products.
Overall, dual users reported more commonly ustegyarettes versus tobacco cigarettes indoors
and in situations in which they were concernedutlthe health of others; in contrast, dual users
reported a greater likelihood of using tobacco cigarettes versigarettes in hedonic situations

or when feeling stressed or anxious (Rass et al., 2015).

Findings from Farsalinos, Romagna, & Voudri®13) provide data regardingcegarette

product characteristics used by dual users. Dual users commonly usedgeceradion (52%)

or third-generation (41%) products, with very few using fggsheration devices (6%). This
finding appears to be supportey the survey of German dual users by Rither and colleagues
(2016), in which ondnalf (50.0%) of dual users reported using tank systems. Further, a majority
of dual users used readly-use liquids (64%), as opposed to-filed cartomizers (3%) or da-
yourself liquids (33%). Among a sample of German dual users, approximatehathrigl.2%)
reported using only-equid with nicotine, while just 3.1% reported using onirqiid without
nicotine, and 37.4% reported using both typeslofud (Ruther ¢al., 2016). In addition, a

study of young adult dual users in the US by Berg (2016) found that a large majority (94.3%)
used diquids with nicotine. Dual users in the study by Farsalinos and colleagues (2015) also

reported a reduction in nicotine levelstheir eliquids, from a median level of 17 mg/mL at
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initiation of use to 12 mg/mL at the time of the survey. The most commonly usgdrette

flavour reported by a sample of young adult dual users in the US was fruit (60.9%), followed by
sweet flavous (e.g., vanilla, candy) (56.2%), menthol/mint (34.7%), and tobacco (27.4%) (Berg,
2016).

1.4.3 Perceptions of and reasons for dual use

Evidence regarding perceptions of products and behaviours among dual users is also limited. The
perception of &igarettes & less harmful than tobacco cigarettes appears common, with a

majority of participants supporting this belief: 87% in the study by Rass et al. (2015), and 90% in
the study by Farsalinos, Romagna, & Voudris (2015). In addition, Rass et al. (2015) rdyairted t

a majority of dual users stated thatigarettes were less enjoyable (63%) and less addictive

(57%) than tobacco cigarettes.

Several studies have ex amcigaettes. dhe mdst fragsenttys 6 r e a
reported reasons for@garete use were to reduce or quit smoking, to reduce the health risks of
smoking (either to the user or to others), or to deal with situations or places where smoking is
prohibited (Berg, 2016; Etter, 2015; Patel et al., 2016; Rass et al., 2015; RutteRGst5)l.,

Rass et al. (2015) further ex a riganegedusedfora I user
which the belief that-eigarettes were less harmful to health than tobacco cigarettes (25%), and

the wish to cut down smoking in preparation for a qtiérapt (21%), were most frequently

endorsed. Dual users in the casmtrol study by Farsalinos, Romagna, & Voudris (2015)

similarly viewed using€ i gar ettes to reduce or quit smokin
secondhand smoke as very importaasons for use, while economic considerations and

avoiding smoking restrictions were acknowledged as less important reasons.

1.4.4 Exposure to nicotine and compensatory behaviour

Research in the tobacco domain has demonstrated that individuals smoke toagplieiellar

dose of nicotine needed to sustain their addiction (Benowitz, 2001). This is evidenced by
populationlevel data showing considerable variability in nicotine intake between smokers

(following adjustment for daily cigarette consumption and a®rsition of cigarette brand

smoked) (Jarvis, Boreham, Primatesta, Feyerabend & Bryant, 2001), yet remarkable stability

with respect to levels of nicotine exposure among smokers over time (Hammond, Fong,

Cummi ngs & Hyl and, 2005 ;ozloawaki &Bersert, 2@E#H)oSeli no, OO6C
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titration of nicotine is also evidenced in fs
smoking behaviour to maintain their desired dose across different tobacco productstafaein
smokers switchialgdd r oingvayieldddgoarétmsrniagsmoke more

cigarettes per day, may take more and deeper puffs, may puff with a faster draw rate, and/or may
block ventilation holes in the cigarette in order to acquire the nicotine they desire (Benowitz,

200 Hammond et al., 2005). As a result of such compensatory behavioural changes, smokers of
dow yielddcigarettes are not likely to have alowerrisidof s ease, as compared t
y i ecigargitesmoking counterparts (Benowitz, 2001).

Currenty, evidence regarding the delivery of nicotine viagarettes is limited. In a review of

eight studies of acute@garette administration, Marsot & Simon (2015) reported that regular e
cigarette users showed measurable, yet highly variable, levelssohgInicotine and cotinine (a

key nicotine metabolite), although nicotine was delivered more slowlydiyagettes as

compared to tobacco cigarettes. In addition, studies comparing levels of cotinine between e
cigarette users and tobacco cigarette smalemesaled that although cotinine levels among users

of these different products can be similar, they are not alwaysds@éns, Van Gucht,

Declerck, & Baeyens, 201#echtet al., 20155° ney, ¢ok, Tamer,20l8Bur gaz,
Wagener et al2016).Variability in these findings has been attributed to: user characteristics,
including userso6 experience with particular d
regular use), and puff topography (e.g., more puffs, greater puff volume); as faelicais

related to ecigarette design, including the generation or class of prodndtiquid nicotine

content and concentratigirarsalinos, Spyrou, Stefopoulos, Tsimopoulou, Kourkoveli, Tsiapras,
Kyrzopoulos, Poulag® Voudris, 2015; Lopez & Eissenberg015; Marsot & Simon, 2015

Wagener et al2016).

To date published switching studies involving tobacco cigarettes arigagettes have reported
mixed resultsin a within-subjects study by van Stadé&roenewald, Engelbrecht, Becker, &
Hazelhurst (2013Yhe cotinine levels of 13 smokers decreased significantly overeeR

period following adoption of a firggeneration &igarette device. A similar study ibjcRobbie,
Phillips, Goniewicz, Myers SmitliKnight-West, Przulj, & Hajek (2015xamined cotinine

levels in a group of 33 smokers following use of a4gsheration product for 1 month.

Although cotinine levels among the full sample decreased significantly over the study period,
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subgroup analysemparing those participants who did not manage to stop smoking at-follow

up (dual users) to those participants who were able to stop smoking attipli(astainers)

revealed important differences. Specifically, cotinine levels decreased among duyakheers

had significantly higher baseline cotinine levels compared to abstainers, whereas cotinine levels
remained stable among abstainers (McRobbie et al., 2015). Findings from two industry
sponsored studies similarly reported significant decreases is lefvebtinine and nicotine
equivalents among smokers who switched to use of a Fontem Venturgefiesation device

for 5 days (0O6Connell, Graff, & DORuiz, 2016)
in a within-subjects study bBerg, Bary Stratton, Escoffery, & Kegler (2014)2 smokers using
variable products over anvBeek period showed no marked changes in cotinine levels. Similarly,
switching studies assessing dual use behaviour of smokers who adopgatretes have

reported stableotinine levels after 1 week of use (Meier, Wahlquist, Heckman, Cummings,
Froeliger, & Carpenter, 2017) and after 8 months of Bseifici, Pichini, Graziano, Pellegrini,
Massaro, & Beatrice, 2015Finally, in a withiasubjects study, 20 Polish smokernso adopted

a penstyle M201 ecigarette also showed stable levels of various nicotine metabolites (with the
exception of nornicotine), following 2 weeks of use (Goniewicz et al., 2016). Taken together,
these findings show that some smokers were ablectessfully switch from tobacco cigarettes

to ecigarettes, compensating for nicotine via a new nicotine delivery product. In addition, it
appears that baseline cotinine levels and the typemfagette product used may partly

determine whether this switcan be successfully completed.

1.4.5 Exposure to tobacco smoke constituents

Several studies examining the use-@igarettes in short, controlled sessions in the laboratory

have shown that-eigarettes do not deliver carbon monoxide to the user (Adriaahs 2014,

Flouris et al., 2013; Vansickel, Cobb, Weaver, & Eissenberg,;20aQener et al2016).

Furthermore, it has been shown that exhaled carbon monoxide decreases over time, both among
individuals who switch from use of tobacco cigarettes to usecfarettes (Adriaens et al.,

2014; Caponnetto et al., 2013; McRobbie et al., 2015; Pacifici et al., 2015; Polosa et al., 2014;
van Staden et al., 2013; Goniewicz et al., 2Q116; Duffy, & Oncken 2016, and among

individuals who switch from use ofttacco cigarettes to dual use of tobacco cigarettes-and e
cigarettes (McRobbie et al., 2015; Pacifici et al., 2015). Similar findings have been reported by
industtys ponsored studies (Cravo et al., 2016; 0606C

15



Few studies have examinexpesure to tobacco smoke constituents other than carbon monoxide.

A study by Hecht and colleagues (2015) examined exposure to PAHSs in exclogjaestte

users versus two samples of tobacco cigarette users. Comparisons showed that levels of a PAH
biomarler, hydroxypyrene (dHOP), were significantly lower in-eigarette users than in both

samples of tobacco cigarette smokers, and furthermore, were similar to levels found in non
smokers (Hecht et al., 2015). Tadoudentee, two st
cigarettes have examined levels @iOP. Inanindustfg ponsored study, O06Con
colleagues (2016) reported significant decreases in level$lafL among clinicallconfined

subjects who switched to exclusive use-ofgarettes, dualse, or who gave up tobacco and

nicotine products entirely. Finally, Goniewicz and colleagues (2016) examined eight PAH
biomarkers among smokers who usetgarettes for two weeks. The authors reported mixed

findings, with some PAH biomarkers showing an#figant decline, and otheisincluding *

HOPT1 showing no significant change. Goniewicz and colleagues (2016) note that these observed
trends may have differed between participants who continued to smoke tobacco cigarettes and
those who quit entirely, #lough their ability to formally examine such differences was limited

by the small number of study participants.

Another key constituent of tobacco smoke that has been studied is NNAL [4
(methylnitrosaminc)L-(3-pyridyl)-1-butanol], a metabolite of tiHESNA NNK [4-
(metylnitrosamino)l-(3-pyridyl)-1-butanone]. Comparative analyses have shown significantly
lower levels of NNAL in samples of@garette users as compared to samples of tobacco
cigarette smokers (Hecht et al., 2015; Shahab et al., 201 7¢llassveompared to samples of
dual users of tobacco cigarettes armdgarettes (Shahab et al., 2017). Similar findings were
reported for comparisons between a group of exclusive tobacco cigarette smokers and two
groups of ecigarette users, with no diffence in NNAL levels between the two groups-of e
cigarette users/Nagener et al., 20)6In addition, both independent and industppnsored
switching studies have shown that levels of NNAL declined significantly following abstinence
from tobacco cigarete ( Cr avo et al ., 2016; Goniewicz et

1.4.6 Nicotine withdrawal
Studies examining use ofaggarettes among smokers in short, controlled sessions in the

laboratory have shown thatcggarettes effectively reduce cravings fagarettes (Adriaens et al.,
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2014; Bull en, Mc Robbie, Thornley, Glover, Lin
2016;Vansickel et al., 2010; Walele, Sharma, Savioz, Martin, & Williams, 2016). Interestingly,

these studies have used variouggardte products, including firseand secondeneration

devices, suggesting that these productso6é abil

their ability to deliver nicotine.

In contrast, findings from reaborld studies of the effects ofagaretes on nicotine withdrawal
have been mixed. Switching studies involving smokers taking ugggrsération (Meier et al.,
2017) and secondeneration (Wagener et al., 2014g3igarettes reported no significant changes
in nicotine withdrawal symptoms follang ad libitum use for one week. In contrast, in a
switching study involving a sample of Polish smokers adoptingageeette, Goniewicz and
colleagues (2016) observed a statistically significant decline in nicotine withdrawal scores over a
two-week perdd. Similarly, in an industrgponsored parallel group study comparing smokers
who switched to €igarettes with smokers who continued smoking their usual brand of tobacco
cigarettes, subjects in both groups showed a steady decrease in cravings thtbedtldweek
study, with no significant differences between the two groups (Cravo 2046,

Unfortunately, although the two randomized controlled trials@fjarettes (Bullen et al., 2013;
Caponnetto et al., 2013), as well as the observational sfusiyokers adopting-eigarettes by
McRobbie and colleagues (2015), examined symptoms of nicotine withdrawal among
participants, these results have not been published.

1.4.7 Selt-efficacy

To date, evidence regarding the effects-ofe gar et t e s -efficacg tquitsenoking s el f
is limited to two studies in which smokers switched to useafjarettes for one week periods

(Meier et al., 2017; Wagener et al., 2014). In the study by Meier and colleagues (2017), no
significant ¢ han g ¢ quitsmokimgeviseepatéd. Theoanthhors dpeaulate

that this may be due to limited substitution afigarettes for tobacco cigarettes, as evidenced by

the lack of apparent change in smoking behaviours among their study participants following
adoption ofa firstgeneration igarette, either with or without nicotine (Meier et al., 2017). In

the study by Wagener and colleagues (2014), participants reported a significant increase in
readiness to quit smokingut not in confidence to quit smoking, duringlidttum use of e

cigarettes.
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1.4.8 Perceived health and subjective effects

To date, the use of@garettes has been associated with few adverse events. Following acute
exposure, only mild adverse events have been reported, the most common of which included
mout h and throat irritation, as wel | as cough
et al., 2016). In studies examining exposure over longer periods of time, and in observational
studies reporting on regular use in rif@ settings, reportig of adverse events has been

similarly low, with no reports of serious adverse events relatedigaeette use (Adriaens et al.,
2014; Caponnetto et al., 2013; Cravo et al., 2016; McRobbie et al., 2015). Furthermore, studies
of smokers switching to us# e-cigarettes have showed progressive decreases in the occurrence
of negative effects commonly reported by smokers, including cough, dry mouth, chest tightness,
shortness of breath, throat irritation, and headache (Caponnetto et al CR#¥l(3; et al. 2016;

Polosa et al., 2014; van Staden et al., 2013; Goniewicz et al., 2016). Positive effects reported by
users of ecigarettes include: less cough and phlegm, improved breathing, improved taste and
smell, increased appetite, and improved ability to @ger(Adriaens et al., 2014; Berg et al.,

2014; van Staden et al., 2013).

1.5 Policy context

In Canada, €igarettes containing nicotine are regulated as drug delivery devices under the
federalFood and Drugs AdiHealth Canada, 2009a)-digarettes containg nicotine, with or

without a health claim, require market authorization from Health Canada before they can be

imported, marketed, or sold. To date, no such product has received market approval; therefore, e
cigarettes containing nicotine are prohibitedCianada. In contrast,cggarettes that do not

contain nicotine and do not make health claims can be legally bought and sold. Health Canada

has issued public advisories against the usecofeg ar et t es, as t hese produ

risksand havendteen fully evaluated for safety, qual.

Despite restrictions on the sale of nicotine, evidence has shown that nmmiiaéing e

cigarettes are accessible to Canadians. Although Health Canada has oversesndesnah

products at the border and has sent letters to retailers in violation of these regulations (Standing
Committee on Health, 2015), the overall enforcement of these regulations appear weak. Research
evidence shows that in addition to accessiblementktail outlets, consumers may purchase

nicotinecontaningec i gar et t e wap@®shops, whech areaopetrating openly in several
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cities across the country (Hammond et al., 2015). Furthermore, population surveys have shown
that Canadians of vamis ages use nicotimntaining ecigarettes. For instance, among the 15%

of Ontario high school students who reported ever usirigaettes in the 2013 Ontario Student
Drug Use and Health Survey, approximately-timed (28%) had used-@garettes witmicotine
(Hamilton et al., 2015). In addition, according to national CTADS data, neadlah@8%) of
respondents who had used acigarette reported that the last one they used contained nicotine
(Reid et al., 2017).

In light of this situation androwing debate concerning these products (Miller, 2014), the

Canadian House of Commons Standing Committee on Health held hearings on the subject. In
March 2015, the Committee released a report highlighting recommendations for the regulation of
e-cigarettesunder a new, unique legislative framework that would include botbagettes with

and without nicotine, requiring various safety standards, prohibiting the usggsrettes in

public spaces, and restricting the promotion and accessibilitgigbedtes to youth. In addition,

the Committee recommended continued support for independent research regarding these
products and their use among the Canadian population (Standing Committee on Health, 2015).
Furthermore, several provinces, including BritisHu@abia, Manitoba, Newfoundland and

Labrador, New Brunswick, Nova Scotia, Ontario, Prince Edward Island, and Quebec, have
developed policies for the sale, marketing and use of both nicatidenornicotine.containing
e-cigarettes (Province of British Cohbia, 2015; Province of Manitoba, 2015; Province of
Newfoundland and Labrador, 2016; Province of New Brunswick, 2015; Province of Nova

Scotia, 2014; Province of Ontario, 2015; Province of Prince Edward Island, 2015; Province of
Quebec, 2015). In additon,n r esponse to the Standing Commit
has been introduced in the Senate to amenddbacco Acand theNons mo k er s 0 irHeal t h
order to regulate the manufacture, sale, labelling, promotion, and use of vaping products
(Patiament of Canada, 2016).

1.6 Study rationale and research questions

The current study seeks to fill several critical evidence gaps regarding | userso6é6 behav
exposure to nicotine and tobacco smoke constituBetspite the fact that a majority dfet e

cigaretteusing population in Canada are dual ugBeid et al., 201)/ scarcely anything is

known about the way in which dual users use both tobacco cigarettesigiatiettes. The
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current study will be the first to examine detailed patterns of use and perceptions of tobacco
cigarettes and-eigarettes among Canadian dual users, including frequency and consumption of
product use, types of products used, product perceptions, reaspnagduct use, and settings in
which products are used. Due to the fact that Canada has a distinct regulatory framework on e
cigarettes as well as a uniqueigarette market, contespecific evidence regarding the

behaviour of individuals who use suatogucts is needed to inform policy.

The current study will al so contribute to the
nicotine and tobacco smoke constituents, while addressing some of the limitations of published
switching studies in the litature.First, many published studies have examined outdated devices
suspected of poorly delivering nicotine (McRobbie et al., 2015; van Staden et al., 2013). Second,
most study participants have been completely or partially naiveitmeette use (Berg al.,

2014; McRobbie et al., 2015; Pacifici et al., 2015; Goniewicz et al., 2016), which may have
implications for uptake and propese ofec i gar et t elsarninggcurvéthat is at tinees 0

needed to adjust to these devices (McQueen, Tower, & &u2011). Furthermore, in only one

study were participants allowed to select thesigarette flavour and nicotine concentration

(Pacifici et al., 2015), despite evidence supporting the selection of such product characteristics

by ecigarette users asdfily important (Farsalinos, Romagna, Tsiapras, Kyrzopoulos, Spyrou &
Voudris, 2013; Farsalinos et al., 2015b). Although placing restrictionscayaeette user and/or

product characteristics may enhance the internal validity of study designs, such fagsigns

capture realistic interactions betweenigarette users and their devices, and as a result, are

l imited in their generalizability to user pop
published switching studies have been limited in teamination of a single product change,

reflecting the potential risk of participants in two distinct states; of these, just two studies have
explicitly examined the potential risks of dual users (McRobbie et al., 2015; Pacifici et al., 2015).
Thus, a crital evidence gamvolves examination dfiomarkers of exposurcross all

conditions of use relating to tobacco cigarettes acigarettes.

Finally, the current study will provide evidence to inform the debate regarding the public health
impact of ecigarettes. Given the critical role played by smoking topography in determining
nicotine uptake and risk exposure, compensatory behaviour in the contecijafedite use

carries important implications for public health. First, whether or not individualbiex

20



compensatory behaviour when usingigarettes may shed light on the potential-ofgarettes

to serve as an effective substitute for tobacco cigarettes. In other words, if individuals are able to
compensate for nicotine by usingigarettes, thesgroducts may have the potential to replace

tobc co ci gar et tsause ohrdcotine. Secohdetherexantdo which individuals using
e-cigarettes exhibit compensatory behaviour will impact their exposure to constituents present in
tobaccosmokel hus, by examining dual usersod6 product
and tobacco smoke constituents, the current study will provide evidence to delineate some of the
potential negative and positive effectsigarettes may have on public health.

The current study will examine the following specific research questions:

Research question 1What patterns of use and perceptions of tobacco cigarettes and e

cigarettes are exhibited or held by dual users?

Research question 2Is compensatory behaviofor nicotine exhibited among dual users when

they switch from dual use to exclusive use of either tobacco cigarettesgarettes?

Research question 3ls exposure to tobacco smoke constituents reduced among dual users
when they switch from dual use: exclusive use of tobacco cigarettes, exclusive use of e

cigarettes, or use of neither product?

Research question 4Do cravings or seléfficacy change among dual users when they switch
from dual use to: exclusive use of tobacco cigarettes, exclusésef ecigarettes, or use of

neither product?

Research question 5Does perceived health change among dual users when they switch from
dual use to: exclusive use of tobacco cigarettes, exclusive usggafrettes, or use of neither

product?
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2 METHODS
2.1 Study design

An unblinded withinsubjects experiment was conducted with a sample of adult (18+ years)
dual users of tobacco cigarettes aragarettes in Kitchenewaterloo and Toronto, Ontario.
Participants completed three consecutive s@anperiodsn which the use of tobacco

cigarettes and-eigarettes was experimentally manipulated.

2.2 Study protocol

2.2.1 Recruitment

Study participants were recruited from September 2015 through March 2016 via advertisements
using various media channels. Vape sHopated in KitcheneWaterloo, Guelph, Cambridge,

and Toronto, were identified and contacted for assistance with recruitment. Shops that agreed to
assist with recruitment were asked to do one or more of the following: post flyers in their stores;
distribute flyers to their customers; post flyers online on their websites and/or blogs; and share
flyers online via their email distribution list. Research staff also recruited potential participants

by approaching vape shop customers as they exited the shapsaBwertisements were placed

in local newspapers,ihcu di ng O The T@ehRemnmdin Kitthen&rWaterldo, as well

a s24 ldour® aMettodion Tor ont o. Online advertisements \
List, Facebook, and Reddit. A sarapkcruitment flyer and advertisement are included in

Appendix A.

2.2.2 Eligibility
A brief telephone screener was used to assess the eligibility of potential participants. In order to
participate in the study, potential participants must have met the fofawiteria:

Be 18 years of age or older

Be able to read and understand English

Have access to the internet on a daily basis

Be a current cigarette daily smoker and smoke a minimum of five cigarettes per day

Not have serious intentions to quit smokingha thext six months

= =2 =4 A4 A -2

Be a current daily-eigarette user

22



1 Not have used other tobacco products, such as kreteks, bidis, cigars, pipe tobacco,
smokeless tobacco or hookah/waterpipe in the past seven days

1 Not have used any nicotine replacement therapy produeik,as the patch, gum, inhaler
or lozenges in the past seven days

1 Nothaveusedanymedc at i ons, sWadalbutrirds Chaipidtamelp, o
them quit smoking in the past seven days

1 Not have participated in any group or individual counseltirmgrams to help them quit
smoking in the past seven days

1 Not have ever experienced serious cardiac arrhythmias (tachycardia) or severe or
worsening angina pectoris (chest pain)
Not have had a heart attack or stroke within the last three months
Not have hd cancer within the last year
Not have asthma, chronic obstructive pulmonary disease (COPD), a seizure disorder, or
any life-threatening medical conditions with a prognosis of less than a year
Not have a history of psychosis, schizophrenia, bipolar disosdsuicidal thoughts, and

Be available for four weekly visits over a thieeek period.

Research staff provided eligible participants with an overview of the study protocol and
answered any questions. Eligible participants who indicated they werestatene participating
in the study were asked for their contact information and had their study visits scheduled in

either KitcheneiWaterloo or Toronto.

2.2.3 Study conditions and experimental groups
A depiction of the study design is presented in Figure 2icReants completed three
consecutive seveday periods in which the use of tobacco cigarettes anglagettes was

experimentally manipulated:

Condition 1: Baseline behaviour of dual use of tobacco cigarettes-aigheettes;
Condition 2: Exclusive use of tobacco cigarettes;

1
1
1 Condition 3: Exclusive use of-gigarettes; and
1

Condition 4: Use of neither tobacco cigarettes narigarettes.
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To control for order effects, the order in which participants experienced the study conditions was
randamized. Participants were randomly assigned to one of two condition orders, consisting of

pre-defined sequences of product use:

1 Group A: Participants were permitted to useigarettes in Week 1, and tobacco
cigarettes in Week 2; or
1 Group B: Participantsvere permitted to use tobacco cigarettes in Week 1,-and e

cigarettes in Week 2.

Figure 2: Study design

Visit 1 Visit 2 Visit 3 Visit 4
Group A* \. No product use
ey
Dual use N
Group B* \7 No product use
e

Week 1 Week 2 Week 3

Notes:
* Study participants were randomized to one of two condition orders (Group A or Group B).

Sevenday study periods were used to ensure sufficient time for any changes in smoking and
vaping behaviours to stabilize following a switch to a new behaviour (Hammond et al., 2005)
and to account for the hdife and clearance rates of the most of thgegsed biomarkers
(described below). During each of the first two weeks of the study, participants were instructed
to use the permitted product as desired, but to abstain from using the alternate product. During
the final week of the study, all particidarwere asked to abstain from using both tobacco
cigarettes and-eigarettes. In order to assist participants in abstaining from both products in the
final week of the study, they were provided with links to online smoking cessation resources

developed byHealth Canada arttie Ontario Ministry of Health and Loriberm CareFor the
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duration of the study, participants were also asked not to use alternative tobacco products (such

as kreteks, bidis, cigars, pipe tobacco, smokeless tobacco or hookah/wateigitieg

replacement therapy products (such as the patch, gum, inhaler or lozenges), smoking cessation
medi cations (such as 6Zyband, O6Well butrind, o
counseling for smoking cessation. For the durationefths t udy, parti ci pants W
to the products they used, and were permitted to use any types of tobacco cigarettes and/or e

cigarettes they wished.

2.2.4 Study visits

Eligible participants were asked to attend four-boar visits in KitchenelWaterbo or Toronto:

at baseline and after each of the thretay periods. At each study visit, participants were asked

to complete a questionnaire regarding their smoking and vaping behaviours, and provide samples
of exhaled breath and urine. Visit questiomesiwere approximately 20 minutes in length and

were completed usinganiPad. Partgant s wer e aspdberide sanple,pvhidhv i de a
was frozen at20°Cimmediately afterwards. Participants were also asked to provide two exhaled
breath samples, wth weremeasured usinBedfont Micro 4 Smokerlyzer and piCO+

Smokerlyzer machines (Bedfont Scientific Ltd.). Additional items and procedures at Visit 1
included: review of a study information sheet, and provision of informed consent. At V&its 1
partidpants were provided with instructions for the subsequent week, corresponding to their
assigned group. Finally, at Visit 4, participants were provided with a study feedback letter, and

thanked for participating in the study.

2.2.5 Daily diaries
Participants wer asked to complete arBinute online daily diary about their consumption of
tobacco cigarettes andceyarettes at the end of each day of the study. Links to the online daily

diaries were emailed to each participant on the morning of each day by resatirch

2.2.6 Remuneration
In appreciation of their participation in the study, participants received a total of $295: $50 after
Visit 1, $70 after Visit 2, $75 after Visit 3, and $100 after Visit 4.

2.2.7 Ethics clearance
This study was reviewed by and receiwbearance from the University of Waterloo Office of
Research EthicSOQRE #0735. At Visit 1, research staff provided all potential participants with
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an information letter about the study, reviewed all study activities, and answered any questions.
Potentid participants were then asked to provide written informed consent to acknowledge their
agreement to participate in the study. Participant confidentiality was maintained by assigning
each participant a unique identification number and keeping all colldatadn a secure

database. A copy of the study information letter and informed consent form are included in

Appendix B.

2.3 Study measures

Sample copies of the study questionnaires are includégpendix C Measures drawn and/or
adapted from the literaterwere used whenever possible. In some instances, the research team
developed questionnaire items for several dimensions of vaping behaviour, due to the fact that

there are few standardized behavioural assessments for this emerging behaviour.

2.3.1 Eligibility criteria and sociodemographic characteristics

Current daily smokers abbaccocigaretteswveredefined & individuals who hadmoked at least

100tobaccacigarettes in their lifetime, ldesmoked aobaccaocigarette in the past 30 days, and

reporedsmokingtobaccocigarettes every dagurrent daily users of-eigarettesweredefined

as individuals who hused an igarette in the past 30 daysdhesed an €igarette at least
once a day for each of the pasvendays, and repogtiusing ecigarettes ewy day. Participants
who qualifed as current dailyobaccocigarette smokers and current daitgigarette useraere
termeddual usersfor the purposes of this studyociodemographic information included self
reportedage gender education andethnicty.

2.3.2 Smoking behaviours

Par t i cmgkiagrhisteryas evaluated by asking how long they had been smoking tobacco

cigarettes dail y. Val dalyconsuthptiond tabmacacigasettesafid par t i

time to firsttobaccocigarettewere collected on the basis of each day as well as for each study

we e k. | n addi time sincdasttpbaacarigarettewas ootlestéd for each day in

the study. Dat a usuwaldmand dfobacgocigaeetteswascaisqcallacted 6

Participants wreasked to indicaterhere they smokeddbaccocigarettesfor each study weefat

home, at school or work, at a restaurant or bar, in a vehicle, while walking on the street, in a park

or other outdoor venue, or some other platbpse wio indicatel that they hd smokedtiobacco
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cigarettes at home, at school or work, or at a restaurant avdrarasked a followup question

as to whether they damokedobaccocigarettes indoorsoutdoors, or both indoors and

outdoorsfor each of these degnated places.

Vali dated measur es wer antentiens t quit smolengsawall asthe par t i

number of past quit attempasdlength of time since their most recent quit atte(fgattobacco

cigarettes)Participants who indicatktha they ha any intentions to quitvereasked whether
they woulduse a quit aidincluding anicotine patch, gum, or lozengan e-cigarette; or
prescripti on ZyadClamgi»d.on (e. g., O

2.3.3 Vaping behaviours
Par t i wapipaghistorgvas evaluated by asking how long they had been usiigpeettes
daily. Validated measures of cigarette consumption were adapted to the behavioiganéte

use, includingnumker of times participantssed an eigarette(bouts) average number ofuffs

takenper bout andaverage duration of uggerbout I n addi t itomatofirgg@ar t i ci pa

cigaretteandtime since last-igarettewere collected, mirroring measures for tobacco

cigarettes. Measures ofcegarette consumption and time to fiestigarette were collected on the
basis of each day as wel | as for each week 1in

cigarette was collectddr eachstudyday.

Several measures were used to collect information regarding characteristagariette

products used for each week in the study, includiagours of ecigarettes/diquids used

(tobacco, menthol/mint, spice, candy, fruit, coffee/drinks/alcohol, ottyg®;of ecigarette(s)

used(a disposable-eigarette, an-eigarette that ses replaceable pféled cartridges, or an-e
cigarette that is rehargeable and has a tank or reservoir that you fill with liquid); and the

brand(s) of ecigarettes/diquids used. To assess th&otine content of-eigarettes/diquids,

participants wre asked to indicate whether they had used enigarettes with nicotine, only
nicotinefree / nonnicotine ecigarettes, or somea@garettes with nicotine and some nicotine
free / nonnicotine ecigarettes. Participants who indicated that they had esegarettes

containing nicotine were asked to indicate ¢bacentration/strength of nicotine in their e

cigarettes/eliquids.

Participantswereasked to indicatevhere they used@garettesfor each week in the studgt

home, at school or work, atrestaurant or bar, in a vehicle, while walking on the street, in a park
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or other outdoor venue, or some other place). For tvbsendicated that they hadede-

cigarettes at home, at school or work, or at a restaurant or bawehegsked a followup

guesion as to whether they haded ecigarettes indoors, outdoors, or both indoors and
outdoorsfor each of these designated places.

Partici pant s 0 -cigaeties waresexaimimead with sespeat tbréemon(s) they
began to use-eigareties daily and theeason(s) they currently usec@arettes For each of

these measures, participants were asked to inditaasonghat applied to them from a list, as

well as to select one reasontls most important reasdar their decisions.

Validated measures for quitting smoking were adapted to the behaviouigzrette use,

including:intentions to quit ugg e-cigarettes as well as thaumber of past quit attempasd

length of time since their most recent quit atte(fgote-cigarettes).

2.3.4 Nicotine dependence

Nicotine dependence or addiction has been characterized as a cluster of several symptoms,
including the following primary criteria: highly controlled or compulsive use, psychoactive
effects, and drugeinforced behaor. Additional criteria include: addictive behavior, often
involving stereotypic patterns of use, use despite harmful effects, relapse following abstinence,
and recurrent drug cravings; and the observation that depengethecing drugs often produce

tolerance, physical dependence, and pleasant effects (USDHHS, 2010).

Nicotine dependence was measured usieg-agerstrom Test for Cigarette Dependence (FTCD)
and the Nicotine Dependence Syndrome Scale (NDSS). The FTCD is a validateohsix
instrument ued to measure behavioral and physiological aspects of addiction. The FTCD is a
unidimensional measure that shows limited internal consistency, adequagteststeliability,
modestly correlates with key biomarkers (including levels of carbon monoxedéne, and

cotinine), and is a predictor of withdrawal symptoms and successful smoking cessation
(Heatherton, Kozlowski, Frecker & Fagerstrom, 1991; USDHHS, 2010; Fagerstrom, 2012). The
FTCDOG s fiitimeddfirsticipagetté is a strong predictasf smoking cessation

(USDHHS, 2010; Fagerstrom, 2012).

The NDSS is a valid Xlem instrument used to provide a multidimensional measure of nicotine

dependenceShiffman Waters, & Hickcox2004. The NDSS provides an overall score of
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nicotine dependencas well as five subscale scores relating to: drive (craving and withdrawal,
withdrawal avoidance, and subjective compulsion to smoke), priority (preference for smoking
over other reinforcers), tolerance (reduced sensitivity to the effects of smokina)uadgn

(regularity of smoking rate), and stereotypy (invariance of smoking or rigid patterns of tobacco
use). The NDSS shows moderate to strong internal consistency, and modest to streteptest
reliability. In addition, NDSS scores have been assediaith number of cigarettes smoked,
difficulty in abstaining, and severity of past withdrawal symptoms among smokers who have not
quit, while among treatmeisieeking smokers, NDSS scores have predicted urges during
smoking and during abstinence, acutenadiiwal symptoms, and cessation outco8taf{man

Waters, & Hickcox 2004 USDHHS, 2010).

Both measures of nicotine dependence were adapteecigarette use (ETCD and ENDSS,
respectively), by ub st i t ut i ng smdkecigavaitésdtls disp étigaacted Alld

four instruments were used to assess particip
measures for-eigarettes have been used previously in studiescgjaette users (Etter &

Eissenberg, 2015; Rass et al., 2015).

2.3.5 Nicotine withdrawal

The brief, 16item version of the Questionnaire of Smoking Urges (€B3idf) is a valid

measure of urges and cravings to smoke (Cox, Tiffany, & Christen, 2001). Th&8QSU

provides an overall score reflecting cravings to smoke, as well asdootwo factors that

represent distinct expressions of craving: mpesents a desire and intention to smoke with

smoking perceived as rewardiffgactor 1) while theotherrepresents an anticipation of relief

from negative affect with an urgent desio smokd&Factor 2) (Cox, Tiffany, & Christen, 20Q1)

The QSUBrief was also adapted to the behaviour-ofgarette use (E)SU-Brief), by
Ssubstituting the words/ pkragaeg edsmeslbe «@Gii gzaerne ttth
cravings to contiued cigarette use and relapse (USDHHS, 2010), theBfland the E

QSUBr i ef were used to evaluate par tcigaoettgsatnt sd ¢

baseline and following each week in the study.

2.3.6 Self-efficacy
The Smoking SelEfficacy Questionnaire (SEQ2) is a valid and reliable 1ifem scale used to

measure current and for mer smokerso6 confidenc
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facing internal and external stimuli or barriers (Etter, Bergman, Humair, & Perneger, 2000).
Participants are asked to state how sure they are that they could refrain from smoking in various
situations. The SEQ2 consists of two stkem factors, representing internal stimuli (e.g.,

feeling depressed) and external stimuli (e.g., being with sthekers). The SEQ2 was also

adapted to the behaviour ctarette use B5SEQ1 2) , by substituting the
cigarettesdgarteht é@s 8k an8 tha EBEQtLhsealeSvier@ be applied at

baseline and following each weekthe study.

2.3.7 Dual use behaviours
Several additional measures were constructed in order to acquire more detail regarding dual use

behaviours. First, in order to ascerttirtemporality ofdual usebehaviours participants were

asked to indicate which bahiour they began first: smoking cigarettes or ushuiparettes.
Next, dual users were asked which behaviour (smoking cigarettes or «Sgegedites) they

identify with more, as a way of eliciting thgierceived identity with respect to dual use

behawours. Among those who indicated that they began smoking cigarettes before-using e

cigaretteschange in their daily cigarette consumptwas i nf erred by asking,
usingeci garettes daily, have you dhrespogse dptionshe a mo
6l smoke fewer cigarettesdéd, 061l smoke the same

cigaretteso.

Inadditonc hange in parti ci pa-pidgaetesariehangeyintiestresgbhmpt i o

of nicotine most commonly used bytmapantswere examined using the following questions:

ASince you citg@anetdt easi chgi ley, have you changed
with response options orb#polarfive-step Likertscale angi ng from Al use muc
use much | esso; an d-cigastiendaily, have you changed theestilengthofi n g
nicotine that you use most?0, with response o
strengthoé, tdre Gt rdegn gesceivedPaddiidn o @achp produchser@

evaluated using the question: fADo you consi de
ecigarettes?0, with response optionsd&d.not at
Finally, i n or de rpertetvedsmoding cassatiop efficacyioftprgtesnt s 6

participants were asked to indicate whether they thought usiigaeettes would make it easier
to quit smoking cigaretalelsG, wdda hl irtetslpeod,s eo ro pd e
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2.3.8 Perceptions of ecigarettes
Sever al guestions el i «igarteted relatigertatobaccoigarettes.Gheat t |

measures used the question stem AComp-ared to

cigarettes iséo, and r e urelatieedocigacaeptabilty, pant s t o e

satisfaction, pleasure, harm, and affordabilitfye-cigarettes compared to tobacco cigarettes,

usingbipolarfive-step Likertscaleé e . g. , 0. .. @aptablkeéssodaoctialtly
acceptabled, O6equally as socially acceptabl ebd
socially acceptabl ed) .

2.3.9 Perceived health and subjective effects

Several measures about lung function and breathing wduoel@ttin the questionnaires. The

measures asked participants to reflect on any changes they may have experienced in the past
seven days, answering with the responses oOwor

usual 6. Re s pi r a skedralyoutlarey ahlartgds @xpesiencng shersessof

breath frequency of experiencing coudifequency of experiencing cough with phlegounds

emanating from the chestndan overall description of lung function

Participants were asked a few addiabquestions about their perceived overall health following

each study condition. F i pereeived ovierall healthileyy weret o0 a s s e
asked, Aln the past seven days, have you not.i
result of not [smoking cigarettes /usingel gar et t es] 20, with the foll:
oworse than usual dé, 6éno diff er emegatvéorpdditivet t er

effectsner e exami ned by aski ngant huossuea | wh oo ri nodbiect at teer
explain any negative or positive effects they had experienced in the past week, respectively

(openended response).

Participants were asked a few questions that prompted them to think about their experiences

followingeac h st udy condi t pecceived aBdictionvas evalpated forieach pant s €

product by asking ADo you considerggoetsebi ?a

with the following response opbtiveny: addotctatd
Second, in order gemreiveddiffitullyagbsanipgdront usicgiap ant s 0
particular product partici pants were asked, AOver the p
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it to go without [smoking cigarettes /usingigar et t es] 20, i ndusilgati ng t he

bipolarfive-step Likertscalevi t h r esponse options ranging fror
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An overview of the measures included in each of the study questionnaires is provideteid Sample copies of the study

guestionnaires are includedAppendix C

Table 1. Study questionnaires and measures

Visit 1
Measures

Quedionnaire Questionnaire Questionnaire Questionnaire

Visit 2

Visit 3

Visit 4

Daily Diary

Eligibility criteria and ®ciodemographic

information

X

Smoking and vaping behaviours

Nicotine dependence [(=TCD; (E-)NDSY

Nicotinewithdrawal [(E)QSU]

Self-efficacy [(E)SEQ12]

Perceptions of-eigarettes

Perceivedhealthand subjective effects

X | X| X| X| X| X

x| X| X| X

x| X| X| X

x| X| X| X

Notes:
! Questions anchored to time frame of one day, rather than a period of one week.
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2.3.10 Biomarkers of exposure

Biomarkers of exposure measure the presence of a tobacco or tobacco smoke constituent or their
metabolites in the body. Measurement of biomarkers in bodily fluids can be used to quantify
exposure to specific sulasices in various settings, with greater accuracy than can be achieved

by seltreported data (WHO, 2007). Several biomarkers of exposure were examined in the

current study, as described below.

Carbon monoxide&was measured i n par mplestopravidé e ddicatiorh al e d

of uptake of tobacco smoke constituents. Given its eliminatiodifeatif approximately four

hours, carbon monoxide is a shtgtm measure of exposure (WHO, 2007). Carbon monoxide is
widely used in tobacco research to idigtish smokers from nesmokers: exhaled air carbon
monoxi de [|-16 paed psr mitlién (pPm) &re typically used to identify smokers (SRNT

Subcommittee on Biochemical Verification, 2002).

Urinary concentration afotining a major proximate metabte of nicotine, was measured to

provide an indication of exposure to nicotine from tobacco smoke. The eliminatidiienaff

urinary cotinine among smokers has been estimated as 16 hours upon smoking cessation (Haley,
Sepkovic, & Hofmann, 1989; WHOQR7). Cotinine is thenost widely usedhiomarker of

exposure to nicotine from tobacco smoke, and can also be used to distinguish smokers-from non
smokers: wurinary cotinine levels of O 50 ng/m

Subcommittee on Bchemical Verification, 2002).

Urinary concentration af-hydroxypyreng¢1-HOP) was measured to provide an indication of

carcinogen exposure, specifically with respect to exposure to polycyclic aromatic hydrocarbons
(PAHSs). THOP is the major urinary mddalite of pyrene, a nenarcinogenic component of all

PAH mixtures (Hecht, 2002)-HOP has a hallife of approximately 19 hours, although

estimates vary between 4 and 48 hours (Brandt & Watson, 20B&)Plwas examined as a
complementary biomarker oftiacco smoke exposure, given that levels of PAHs may not
change in similar proportion to levels of other tobacco smoke constituents, and because
individuals may be exposed to PAHs from other environmental sources, such as grilled meats
(WHO, 2007). Norsmolers are characterized by low levels of PAH exposure, typically at or
belowl . 4 ¢ mo | / mawiliile leveleaandng smokers are approximately 5 times higher
(Brandt & Watson, 2003).
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Urinary concentration dNAL [4-(methylnitrosaminc)l-(3-pyridyl)-1-butanol] was measured
at baseline to provide an indication of exposure to the tobsmecific carcinogen NNK. NNAL
(and its glucuronides) are metabolites of NNK, and can be readily detected in human urine
(Hecht, 2002). NNAL is only slowly released fronethuman body after smoking cessation,
with a halflife of approximately 4815 days Hecht et al., 1999 NNAL can be used to
distinguish between smokers and rsmnokers, given its high specificity with regard to smoking
i detectable levels of NNAL are udlysonly found in the urine of nesmokers who have been
exposed to environmental tobacco smoke. In the literature, levels of total NNAL less than 1
pmol/mL are rarely seen among smokers, whereas the highest levelssmokers exposed to

environmentaldbacco smoke are rarely greater than 0.4 pmol/mL (Hecht, 2002).

Creatinine is a waste product of muscle metabolism. Urinary creatinine measures are often used
to adjust or correct for variability in the volume and concentration of urine in spot sanges
measuring urinary concentrations of environmental and workplace chemicals or their metabolites
(Barr et al, 2005). In the current study, levels of urinary biomarkers (cotiriH®F, NNAL)

were adjusted focreatinineby dividing the analyte conceation by the creatinine

concentration.

Validated methods were used Rgswell Park Cancer Institute (Buffalo, UB)analyze levels
of urinary cotinine (Liang, 2015), urinaryHOP (Lankova, Urbancova, Sram, Hajslova &
Pulkrabova, 2016), and urinary NNAL (Jacob et al., 2008).

2.3.11 Cognitive testing

A pilot testinvolving two individuals with a history of dual use was doated at the University

of Waterloo in July 2015. A brief protocol involving two visits to the laboratory and completion

of three online questionnaires was used to test core components of the study protocol, including
study questionnaires and collectidrbological samples. Cognitive interviews were conducted

to ensure that study questionnaires had clear instructions and measures. The two pilot

participants were remunerated $100 each in appreciation of their participation in the pilot test.
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2.4 Analysis

2.4.1 Sample characteristics

Characteristics of dual users were examined using descriptive statistics with respect to: age, sex,
ethnicity, education, daily cigarette consumption, and nicotine dependence (using both measures
of the FTCD and the NDSS, appliedioth tobacco cigarettes andigarettes).

2.4.2 Baseline patterns and perceptions of dual use
Baseline patterns of use of tobacco cigarettes amngagettes, as well as perceptions -of e
cigarettes, were examined using exploratory descriptive statisticsuvitihhoulation of specific

a priori hypotheses.

2.4.3 Testing changes in continuous outcomes across study conditions

Changes in several key continuous outcomes were examined across study comtigions.
distributions of each continuous outcome wéseially examined fa any violations from

normality,and appropriate transformations were applied, as necessary. Previous research
suggests that log transformations may be required for cotiriH@H, and NNAL values (e.g.,
Benowitz et al ., 20 2@4).Fodeachhkay autcon&, nmeanveeren o r ,
computed at baseline and for each study condition. Repeated measures models (using the Linear
Mixed Model function in SPSS) were constructed to examine mean differences for each key
outcome across study conditiondyile accounting for correlated measurements within subjects.
Analyses were conducted using SPSS v.24 (lllinois, US) aradues < 0.05 were considered

statistically significant.

2.4.3.1 Exposure to nicotine and compensatory behaviour
Hypothesis 1a Compared to &seline, consumption of tobacco cigarettes will be significantly

higher in the study condition of exclusive use of tobacco cigarettes.

Changes in consumption of tobacco cigareitess examined by examining changes in mean
levels of reported tobacco cigdtes consumed per day in the condition of exclusive use of
tobacco cigarettes and dual use at baseline. A repeated measdedwas constructed with

daily tobacco cigarette consumption as the outcome (Model 1). The model was examined with
the followingcovariatesassigned condition order, and baseline nicotine dependence.
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Hypothesis 1b Compared to baseline, consumption -a@igarettes will be significantly higher

in the study condition of exclusive use efigarettes.

Changes in consumption eftigarettesvere examined by examining changes in mean levels of
reported ecigarettes consumed per day in the condition of exclusive useigéeettes and dual
use at baseline. A repeated measuaredelwas constructed with daily@garette consumption
asthe outcome (Model 2). The model was examined with the folloaavgriatesassigned

condition order, and baseline nicotine dependence.

Hypothesis 1¢c Compared to baseline, levels of urinary cotinine will be significantly lower in
the study condition ofmproduct use.

Compensatory behaviowas evaluated by examining changes in mean levelgrary cotinine
between each study condition and dual use at baselirepeated measuresodelwas

constructed with urinargotinine as the outcome (Modél 3he model was examined with the
following covariatesassigned condition order, baseline nicotine dependertigarette product

type, and ecigarette nicotine content.

2.4.3.2 Exposure to tobacco smoke constituents
Hypothesis 2a Compared to baseline, levalsexhaled carbon monoxide will be significantly

lower in study conditions of exclusive use efigarettes, and of no product use.

Changes in biomarkers of tobacco smoke expasare examined by comparing differences in
mean levels of exhaled carbon moxide between each study condition and dual use at baseline.
A repeated measuresodelwas constructed with exhaled carbon monoxide as the outcome
(Model 4). The model was examined with the followiogvariatesassigned condition order.

Hypothesis 2b Compared to baseline, levels of urinarHDP will be significantly lower in

study conditions of exclusive use otigarettes, and of no product use.

Changes in biomarkers of tobacco smoke expasare examined by comparing differences in
mean levels of inary 1-HOP (adjusted for urinary creatinine) between each study condition and
dual use at baseline. ikpeated measuresodelwas constructed with urinaryHOP as the

outcome (Modeb). The model was examined with the followiogvariatesassigned contion

order, baseline nicotine dependereseigarette product type, anecegarette nicotine content.
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Hypothesis 2c Compared to baseline, levels of urinary NNAL will be significantly lower in

study conditions of exclusive use otigarettes, and of nag@duct use.

Changes in biomarkers of tobacco smoke expasare examined by comparing differences in
mean levels of urinary NNAL (adjusted for urinary creatinine) between each study condition and
dual use at baseline. ilkpeated measuresodelwas constucted with urinary NNAL as the

outcome (Modeb). The model was examined with the followiogvariatesassigned condition

order, baseline nicotine dependereejgarette product type, anecegarette nicotine content.

2.4.3.3 Nicotine withdrawal
Hypothesis 3a Compared to baseline, measures of nicotine withdrawal for tobacco cigarettes
will be significantly higher in study conditions of exclusive use-ofgarettes, and of no product

use.

Changes in measures of nicotine withdrafealtobacco cigarettes wergamined by comparing
differences in scores for the QSU between each study condition and dual use at baseline. A
repeated measurasodelwas constructed with QSU score as the outcome (Mdéhe model
was examined with the followingpvariatesassignedondition order, baseline nicotine
dependence.

Hypothesis 3b Compared to baseline, measures of nicotine withdrawaldayagettes will be

significantly higher in study conditions of exclusive use of tobacco cigarettes.

Changes in measures of nicotimghdrawalfor e-cigarettes were examined by comparing
differences in scores for the@SU between each study condition and dual use at baseline. A
repeated measuresodelwas constructed with-B)SU score as the outcome (Mo8gl The

model was examined thi the followingcovariatesassigned condition order, baseline nicotine

dependence.

2.4.3.4 Selt-efficacy

Hypothesis 4a Changes in measures of sefficacy for tobacco cigarettes will depend upon
participants6é condition or dafeficaclfortolppacoed t o ba
cigarettes will be significantly higher in study conditions of exclusive usefaettes, and of

no product use, among participants assigned to Group A; and measuresfiicaely for

tobacco cigarettes will be significapthigher in study conditions of exclusive use of tobacco
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cigarettes, of exclusive use otmarettes, and of no product use, among participants assigned to

Group B.

Changes in measuress#lf-efficacy for tobacco cigarettes were examined by comparing
differences in scores for the SEQ between each study condition and dual use at baseline. A
repeated measurasodelwas constructed withESQ score as the outcome (Model Bhe model
was examined with the followingpvariatesassigned condition order, baselinicotine

dependence.

Hypothesis 4b Compared to baseline, measures of-e#ltacy for ecigarettes will be
significantly higher in study conditions of exclusive use of tobacco cigarettes, and of no product

use.

Changes irself-efficacy for ecigaretts were examined by comparing differences in scores for
the ESEQ between each study condition and dual use at baseliapeated measuresodel
was constructed with-BEQ score as the outcome (Mode).IDhe model was examined with

the followingcovariaes assigned condition order, baseline nicotine dependence.

2.4.4 Testing changes in binary outcomes across experimental conditions

Changes in several binary outcomes were examined across study conditions, while accounting
for correlated measurements within gdbs. For each key outcome, the proportion of

participants corresponding to each level of the binary ordinal outcome variables were computed
at baseline and for each study condition. Repeated measures models (using the Generalized
Linear Mixed Model fungbn in SPSS) were constructed to examine differences in proportions
across study conditions. Analyses were conducted using SPSS v.24 (lllinois, US)adnesp<

0.05 were considered statistically significant.

2.4.4.1 Perceived health

Hypothesis 5 Compared tdaseline, a significantly greater proportion of participants will report
better respiratory health (with respect to experiencing shortness of breath, frequency of
experiencing cough, frequency of experiencing cough with phlegm, sounds emanating from the
chest, and an overall description of lung function) in study conditions of exclusive use of e

cigarettes, and of no product use.
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Changes in perceived respiratory health were examined with respect to five domains:

experiencing shortness of breath, frequenfogxperiencing cough, frequency of experiencing

cough with phlegm, sounds emanating from the chest, and an overall description of lung

function. Each outcomewasond e | ed as a bworsathap usvabheaitadnd e ( 0=6
difference in health ; bdter than usual healfh Generalized linear mixed models were

constructed to test for differences in the proportion of participants who reported better than usual
health (compared to those who did not) between each study condition and dual use at baseline

for each of the five domains listed above (Modédl€l5). The models were examined with the

following covariate assigned condition order.

2.4.5 Power calculations

Prior to the study, power calculatiowere conductedor two representative tests: differendes
biomarker levels and smoking behaviour across conditions. Data from published studies by
McRobbie et al. (2015), Pacifici et al. (2015), and Hecht et al. (2015) were used to estimate
means and standard deviations for each of the outcomes. A rangenatesfor the correlation
between outcome measures across study conditions (0.65, 0.75, and 0.85) were used to estimate
power. Twosided power calculations were conducted assuming 20% loss of sample due to
attrition and/or incomplete data and a final pérsize of 50 participants, using G*Power v. 3.1

(Heinrich-Heine-Universitat Dusseldorf), where alpha = 0.05.

In a within-subjects switching study by McRobbie et al. (2015), exposurelomranonoxide

changed from 23 (SD=11) ppm to 11 (S2)pm among a sample of smokers who took-up e

cigarettes but did not quit smoking after a period of four weeks. Using these estimates, the

current studyrovided8 0 % power to detect a small to mediu
corresponding to a 15%, 13%, antPA difference in exhaled carbon monoxide with correlation
estimates of 0.65, 0.75, and 0.85, respectively. In addition, McRobbie and colleagues (2015)

reported a change in urinary cotinine among this sample of smoker22@8(SD=1734)

ng/mL to 1227 (SB679) ng/mL. A power calculation based on these estimates indicates that the
current studyrovided8 0 % power to detect a small to mediu
corresponding to a 26%, 24%, and 22% difference with correlation estimates of 0.65, 0.75, and

0.85, respectively, for urinary cotinine. Hecht et al. (2015) reported levels of exposure to various

constituents in samples of smokers versus a sampleigaeette users. A comparison of levels
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of 1-HOP showed greater exposure among smokers comuaeatparette users, at 0.97

(SD=1.21) pmol/mL and 0.38 (SD=89) pmol/mL, respectively. Using these estimates, the

current studyprovided8 0 % power to detect a small to mediu
corresponding to a 42%, 40%, and 38% difference with correlasbmates of 0.65, 0.75, and

0.85, respectively, for urinary-HOP.

Finally, data from a withirsubjects switching study by Pacifici et al. (2015) were used to

estimate changes in reported daily cigarette consumption. In the study by Pacifici argliesllea

(2015), among a subsample of smokers who tookeigagettes and were classified as dual

users one month later, their reported daily cigagitesumption changed from 23.3 (SD=6.1) to

2.3 (SDA.5). A power calculation based on these estimates teditlaat the current study

provided8 0 % power to detect a small to medium Cohc¢

difference across correlation estimates of 0.65, 0.75, and 0.85.
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3 RESULTS

3.1 Sample characteristics

Overall, 293 individuals were screened €ligibility to participate in the study. Of these, 60

individuals were deemed eligible and recruited for the study. A summary of the methods used to
recruit participants is presented in AppendixAlong the 60 individuals recruited for the study,
threewere excluded due to their failure to attend all study viitaddition, 9 participants were

excluded due to very low (< 5 ppm) carbon monoxide levels, as measured at baseline. Although
exhal ed car bon mbomporxaredypically asecidestify snfoke® (SBRNT
Subcommi ttee on Biochemical Verification, 200
was used due to the fact that individuals recruited into the study were established dual users, who
exhibit lower levels of carbon monoxidetheir breath (Goniewicz et al., 2016). Thus, a total of

48 participantsvere included in the analyses.

3.1.1 Sociodemographic characteristics

Sociodemographic characteristics of the final sample of 48 dual users are summarized in Table 2.
Overall, dual uses had a mean age of 35.9 (SD=11.7) years, and a majority were male (70.8%)
andsei denti fied as 6Whit e éhirqs766.798 ébparticipamsomere x i mat e
recruited from Toronto, and approximately half of participants were randomized tofeach

Group A (52.1%) and Group B (47.9%). As shown in Table 2, participants in each group did not

differ from one another with respect to key sociodemographic characteristics.
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Table 2: Sociodemographic characteristics of dal users, overall and by group

Characteristic Dual users Group A Group B Test statistic
(n=48) (n=25) (n=23) (p-value)t
% (n) or mean (SD)

Overall 359 (117  36.0(11.4 358(2.2) (pt==0%06399)

Age 1824 14.86 (7) 20.0% (5) 87% (2
[years] 2539 56.3% (27) 44.006  (11) 69.6% (16) @=6.740
4054 20.8% (10) 32.0% (8) 87% (2 (p=0.081)

55+ 8.3% (4 4.0 (1) 13.0% (3)
Sex Male 70.86 (34 64.00  (16) 78.3% (18) 52=1.179
Female 29.2% (14) 36.0% (9) 21.7% (5) (p=0.278)
~ White 70.86 (34) 64.0%  (16) 78.3% (18) 62=1.179

Ethnicity -

Other 29.2% (14) 36.0% (9) 21.7% (5) (p=0.278)

High school or less 27.% (13) 24.0% (6) 30.4% (7)
Education lfﬁggli/%%'”ege 3506 (17) 32.0%  (8) 39.1% (9 (‘;2::09692‘23;

Any university 37.5% (18 44.0% (1)) 30.4% (7)
City KitchenerWaterloo 33.3% (16) 24.0% (6) 43.5% (10) 62=2.045
Toronto 66.7% (32) 76.0%  (19) 56.5% (13) (p=0.153

Notes:
! Differences in means were tested using indepenetests, while differences in proportionere tested using cisiquare tests.

3.1.2 Nicotine dependence

As shown in Table 3, dual users exhibited low to moderate nicotine dependence, with a mean
FTCD score of 4.7 (SD=1.9). Nicotine dependence for tobacco cigarettes was greater than for e
cigarettes, ©4.7 (SD=1.9) and 3.0 (SD=2.1), respectively, (t=4.864, p<0.001). This result was
reflected in specific items of the FTCD: for instance, a greater proportion of dual users reported

smoking tobacco cigarettes (95.8%) versuggarettes (56.2%) within thest hour of waking.

With respect to the NDSS measure, dual users exhibited moderate nicotine dependeace, with
mean NDSS score 60.48 (SB=0.76). Similarly, dual users exhibited greater nicotine
dependence for tobacco cigarettes (ND&88 §D=0.76))as compared to-eigarettes (E
NDSS-1.22 §D=0.79)) (t=6.657 p<0.001) (see Table 4Vhen asked about their perceived
addiction to each product, almost all dual users indicated they were addicted to tobacco

cigarettes (97.9%), but not tecegarettes 47.9%) (see Table 5A McNemarBowker test was

used to examine participantsd perceived addi
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signi fi can?37.000, p<0.60dMeNemar postwc analyses with Bonferroni

adjustment indicated thatsignificantly greater proportion of participants perceived themselves

as addicted to tobacco cigarettes as comparedityaeettes (very addicted vs. not at all

addi 48&.d00G, p=0.024; very atiOWtpe0ddO3yand s o me wtl
somevhat addi ct ed ?=¢0000, pr@006).addi ct ed: @

Table 3: Tobacco cigarette and ecigarette dependence, as measured by the Fagerstrom
Test for Cigarette Dependence (FTCD), among dual users (n=48)

Tobacco E-ci
. -Cigarettes
cigarettes
% (n) or mean (SD)
Overall 4.7 (1.9 3.0(2.1)
0-2 (very low) 9.3% (4) 35.80 (17
3-4 (low 34.9% (15 34.20 (13
(£ FTCD (low) 6 (15 34.2%6 (13)
5 (moderate) 209 (99 26% (1)
6-7 (high) 27.9% (12) 18.%26 (7)
8-10 (very high) 7.0 (3) 0.0% (0)
Within 5 min 31.% (15) 6.3% (3)
(E-) FTCD Q1:How soon aftgr you wake up d .30 min 50.006 (24) 31.3% (15)
you smoke (use) your first cigarette (e _
After 60 min 42 (2) 43.860 (21
(E-) FTCD Q2:Do youfind it difficult to Yes 27.% (13 14.9% (7)
refrain from smoking cigarettes (using e
cigarettes) in places where it is forbidden? ~ NO 72.9%6 (35) 85.1% (40
First in the
(E-) FTCD Q3:Which cigarette (eigarette)  morning 47.9% (23) 14.86 (6)
' ?
would you hate most to give up? All others 4586 (22) 858 (35
10 or less 29.2 (14) 58.36 (29
(E-) FTCD Q4:How many cigarettes/day 11 to 20 47.9% (23) 22.9% (11)
(times do you use-eigarettes/day) do you
smoke? 21to 30 22.9% (11) 83% (4)
31 or more 0.0% (0) 1020 (5)
(E-) FTCD Q5:Do you smoke (use) more Yes 43.896 (21) 10.6% (5)
frequently during the first hours after waking
than during the rest of the day No 56.36 (27) 89.%% (42
(E-) FTCD Q6:Do you smoke (use) if you are Y€S 47.9 (23) 63.006 (29)
so ill that you are in bed most of the @ay No 4586 (22) 37.06 (17)

Notes:
Abbreviations: (E) FTCD=Fagerstrom Test faCigarette Dependence (&srsion adapted for-eigarettes).
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Table 4: Tobacco cigaretteand ecigarette dependence, as measured by the Nicotine
Dependence Syndrome Scale (NDSS), among dual users (n=48)

Tobacco cigarettes E-cigarettes
Mean (SD)

(E-) NDSS Overall -0.48 (0.7 -1.22 (0.79
(E-) NDSS Drive -0.19 (0.95% -1.70 @.18)
(E-) NDSS Stereotypy -0.16 (0.78 0.50 0.98)
(E-) NDSS Continuity -0.66 (L.04) -1.05(1.28
(E-) NDSS Priority -0.68 (0.58 -0.55 0.57)
(E-) NDSS Tolerance -0.44 (0.97 -0.63 0.92)

Notes:
Abbreviations: (E) NDSS=NicotineDependence Syndrome Scale {Ersion adapted foreigarettes).

Table 5: Perceived addiction to tobacco cigarettes and-@garettes among dual users (n=48)

Tobacco E-ci
. -cigarettes
cigarettes
% (n)
Not at all 2.1% (1) 39.86 (19)
Do you consider yourseli d d i ¢ t e « Somewhat addicted 39.80 (19 58.30 (289
Very addicted 58.3% (28) 2.1% (1)
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3.2 Baseline patterns of use and perceptions among dual users

3.2.1 Patterns of product use

Patterns of use of tobacco cigarettes acjarettes are presented in Table 6. With respect to
smoking and vaping histories, participants had smoked and vaped daily for a mean of 17.4 and
1.2 years, respectivelfpual users reportesimilar rates of dayl consumption of tobacco
cigarettesand of ecigarettes (p=0.09Specifically, dual users reported smoking a mean of 13.7
tobacco cigarettes per day and usirggarettes 10.9 times (bouts) per day, with a mean of 9.2
puffs per bout, with each bout lasgi approximately 7.7 minuteA.greater proportion of dual
users reportedmoking tobacco cigarettes (9%9as compared to-eigarettes (58 %) within

the first hour of wakingp<0.001).In addition,dual users reported a greater number of past quit
attenpts for tobacco cigarettes versusigarettes (p=0.006), aradgreater proportion of dual
users reported intentions to quit smoking tobacco cigar&iesS%) versus-eigarettes (56 %)
(p=0.001).Among those intending to quit smoking tobacco cigarétte43),the vast majority
(90.7%) indicated they would consider usingigarettes to help them quit, with fewer saying
they would consider using nicotine replacement therapy (30.2%) esstoking medications
(20.9%).
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Table 6: Patterns of use of tobacco cigarettes andagarettes among dual users (n=48)

Tobacco E-cigarettes  T€st
% (n) or mean (SD) (p-value)t
. : t=8.978
Duration of daily use [years] 17.4 (12.2) 1.2 (0.9) (p<0.001)
Times used (bouts) peay? 13.7 (5.6) 10.9 (11.4) (;1070‘5)'
Number of puffs per bout - 9.2 (9.4) -
Duration of bout [minutes] - 7.7 (9.8) -
Within 5 min 31.3% (15) 8.7 (4)
Timeto 6-30 min 52.1% (25 23.9% (11)
first use i (p<0.001)
u 31-60 min 14.8% (7) 26.2% (12)
After 60 min 2.1% 1) 41.26 (19
. t=2.903
Number of past quit attempts 70 (15.9 0.9 (3.4) (p=0.006)
Within the next month 21.2% (10) 8.7 (4)
Intention Within 6 months 2530 (12) 13.06 (6) (6=0.001)
toquit  Sometime in the future, beyond®nths 447 (21) 34.8% (16) p=5
Not intending to quit 8.%% (4) 43.8%6 (20)
Notes:
t SiEZrences in means were tested using paired samysssst while differences in proportions were testeidgMcNemar tests.
2Timesusedperdag=i garettes per day, in the past 7 days, for tobaforo cigaret

e-cigarettes.

3.2.2 Types of products used

Brands of tobacco cigarettes smoked by dual users are includpgemdix E.Briefly,

commonly smoked brands included Belmont (25.0%), Next (20.8%), and First Nations brands
(10.4%).Characteristics of-eigarette products used by dual users are summariZeabla7. A
large majority of dual users reported using tank systems (91.7%}agdrettes with nicotine
(93.8%). Common flavours included fruit (50.0%), tobacco (41.7%), and candy (41.7%). As
shown in Table 8, among those who reported usicigarettes with nicotine (n=45), nicotine
concentrations less than or equal to 14 mg/mLeweost commonly used (71.1%). Dual users

reported using a wide variety ofcggarette devices andliguid brand (seeAppendix B.
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Table 7: Self-reported e-cigarette product characteristics used by dual users (n=48)

Product characteristic % (n)
Disposable 6.3% (3)
Product type* Reuseable 8.3% (4
Tank system 91.70 (44
Fruit 50.0% (24)
Tobacco 41. 76 (20)
Candy 417 (20)
Flavour(s)* Coffee/drinks/alcohol 20.86 (10
Menthol/mint 18.8 (9)
Spice 10.% (5)
Othet 2.0% (1)
Only ecigarettes with nicotine 81.36 (39)
Nicotine Only ecigarettes without nicotine 6.3% (3)
content Some ecigarettes with nicotine and someigarettes without 12 5%
nicotine 36 (6)

Notes:
* Proportions may not sum to 100% duetie fact that participants could select multiple response options.
1 Other flavours included: neutral.

Table 8: Self-reported product nicotine concentrations used, among those who reported
using ecigarettes with nicotine (n=45)

Nicotine concentration % (n)

1-8 mg/mL (0.20.8%) 40.06 (18)
9-14 mg/mL (0.91.4%) 31.% (14)
1520 mg/mL (1.52.0%) 8% (4
21-24 mg/mL (2.12.4%) 6.7% (3)
25 mg/mL (2.5%) or more 4.8% (2)
Dondét know 8% (4)
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3.2.3 Places of product use

As shown in Table 9, places where tobacco cigarettes-aigheettes were commonly used

followed a similar pattern, with the greatest rates of use at home, followed by while walking on
the street, in a vehicle, at school or work, etc. No significantrdiffees were detected between

rates of use of each product at each place.

Table 9: Places of tobacco cigarette and-eigarette use among dual users (n=48)

Place

Tobacco cigarettes

E-cigarettes

Test statistic

% (n) % (n) (p-value)!
At home 93.8% (45 100.0% (48
Indoors 20.0% (9) 41.7% (20)
(p=0.083)
Outdoors 44.4% (20) 42% (2)
Both indoors and outdoors 35.6% (16) 54.2% (26)
While walking on the street 77.1% (37) 68.80 (393 (p=0.388)
In a vehicle 64.6% (31 64.606 (31 (p=1.000)
At school or work 60.2%6 (29) 54.26 (26)
Indoors 3.4% (1) 15.4% (4)
(p=0.375)
Outdoors 89.7% (26) 42.3% (11)
Both indoors and outdoors 6.9% (2) 42.3% (11)
In a park or other outdoor venue 47. % (23 41.7 (20) (p=0.629)
At arestaurant or bar 20.8% (20) 35.46 (17)
Indoors 0.0% (0) 11.8% (2)
(p=0.065)
Outdoors 100.0% (10) 41.2% (7)
Both indoors and outdoors 0.0% (0) 47.1% (8)
Othef 2.1% 1) 6.3% (3) (p=0.500)

Notes:

* Proportions may not sum to 100% due tofinet that participants could select multiple response options.
! Differences in prportions were tested usimdgcNemar tests.

20t her places included:

or in elevators (1) for-eigarettes.

friend (1)
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3.2.4 Reasons for ecigarette use

Dual users were asked to indicate reasons for their initiation and current usigarfettes. As

shown in Table 10, when asked to select all relevant reasonsflist, the most commonly

reported reasons for currently usingigarettes included: to smoke fewer tobacco cigarettes
(79.2%), to help with cravings for tobacco cigarettes (70.8%), and because they are less harmful
than smoking tobacco cigarettes (P8)8 Reasons for initiation of@garette use followed a

similar patternWhen asked to specify the most important reason for their current use of e
cigarettes, the most commonly reported reasons included: to smoke fewer tobacco cigarettes
(25.0%), to quismoking tobacco cigarettes (20.8%), because they are less harmful than smoking
tobacco cigarettes (14.6%), because they cost less money (12.5%), and because respondents
liked their taste or flavour (10.4%) (see Table. IOnce again, the most importanasens for

initiation of ecigarette use were generally consistent with those for current use.

Table 10: Potential reasons for initiation and current use of ecigarettes reported by dual
users (n=48)

Initiation of Current use of

Reason e-cigarettes e-cigarettes
% (n) % (n)

To help me to smoke fewer cigarettes 75.0% (36) 79.2% (39
They are less harmful to me than smoking 72.%% (35 70.8% (39
To help me with cravings for cigarettes 70.8% (39 70.8% (39
| like theirtaste/flavour 62.5% (30) 66.76 (32
They are less harmful to others around me than smoking 56.3%6 (27) 60.2%0 (29
To help me quit smoking 58.3% (28) 54.2% (26)
They cost less 50.0% (24) 47.% (23
| can use them in places where smoking is not allowed 56.3% 27 47.% (23)
They were recommended by a family/friend 41.7%6 (200 41.™6 (20)
Due to boredom 29.2% 14) 27.1% (13)
To reduce stress 29.2%6 (14 20.8% (20)
They were recommended by a health professional 6.3% (3) 6.3% 3)
To control body weight 4.2% 2 4.2 (2)
Othet 6.3% 3) 2.1% @
Donét know 2.1% (1) 0.0% 0)

* Proportions may not sum to 100% due to the fact that participants could select multiple response options
1Other places included: hobby (1), no cigarettes (1), to more easily sheig@rettes inside during the winter (1) for initiation efigarettes;
and hobby (1) for current use otiarettes.
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Table 11 The most important reasonfor initiation and current use of e-cigarettes reported
by dual users (n=48)

Initiation of Current use of

Reason e-cigarettes e-cigarettes
% (n) % (n)

To help me to smoke fewer cigarettes 18.8% (9 25.0% (12)
To help me quit smoking 27.1% (13) 20.8% (20
They are less harmful to me than smoking 18.8% (9) 14.6% (7)
They cost less 12.%% (6) 12.5% (6)
| like their taste/flavour 4.2% (2) 10.4% (5)
| can use them in places where smoking is not allowed 6.3% (3) 8.3% (4)
To help me with cravings farigarettes 2.1% 1) 6.3% 3)
They are less harmful to others around me than smoking 4.2% 2 2.1% (2)
They were recommended by a health professional 0.0% (0) 0.0% (0)
They were recommended by a family/friend 0.0% (0) 0.0% (0)
Due to boredom 4.2% (2) 0.0% (0)
To reduce stress 0.0% (0) 0.0% (0)
To control body weight 2.1% (1) 0.0% (0)
Other 0.0% 0) 0.0% ©)
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3.2.5 Dual use characteristics

All dual users in the study sample reported that they began smoking tobacco cigarettes before
using ecigarettes. As shown in Table 12, when asked which behaviour they identified with more
T smoking tobacco cigarettes or usingigarettes a majority (604%) indicated they identified
themselves as a tobacco cigarette smoker, while 37.5% identified themselves as both a tobacco
cigarette smoker and arcegarette user. From the time they began vaping daily, 37.5% indicated
they vape about the same amourttjlevapproximately onghird indicated either vaping more
(33.3%) or less (29.2%). Further, from the time they began vaping daily, a majority (75.0%) of
respondents reported smoking fewer tobacco cigarettes. Finally, the vast majority (95.8%) of
dual usersupported the notion thatoigarettes would make it easier to quit smoking tobacco

cigarettes.

Table 12: Dual use characteristics among dual users (n=48)

Characteristic % (n)

Which behaviour do you identify yourself with maremoking or vaping?

| identify myself as a smoker 60.4% (29)
| identify myself as a vaper 2.1% (1)
| identify myself as both a smoker and a vaper 37.5% (18)
From the time you started vapidgily, have you changed the amount you use per day?
| use less 29.2% (14)
| use about the same amount 3736 (18)
| use more 33.3% (16)
From the time you started vaping daily, has the strength of nicotine you use most change!
Strength ohicotine has decreased 25.0% (12)
Strength of nicotine has not changed 64.6% (31)
Strength of nicotine has increased 10.4% (5)

From the time you started vaping daily, has the number of tobacco cigarettes you smoke chang

Number of tobacceigarettes has decreased 75.0% (36)
Number of tobacco cigarettes has not changed 20.8% (10)
Number of tobacco cigarettes has increased 42% (2)
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3.2.6 Perceptions of ecigarettes

As shown in Table 13, compared to tobacco cigaretteigjagettes were considered more
socially acceptable (64.6%), less satisfying (66.7%), less pleasurable (63.8%), less harmful
(87.2%), and less expensive (81.3%).

Table 13: Perceptions of ecigarettes among dual users (n=48)

Perception % (n)

Acceptability Compared to smoking regular tobacco cigarettes,usmge ar et t e s

€ |l ess socially acceptabl e 1230 (6)
€ equally as socially acceptabl e 22.960 (11)
€ mospo@lly acceptable 64.6% (31)

SatisfactionCompared to smoking regular tobacco cigarettes, usngegar et t e s

€ |l ess satisfying 66.%6 (32

€ equally as satisfying 22.9% (11)

€ more satisfying 10.20 (5)
PleasureCompared to smoking regulanbacco cigarettes, usingcei gar et t es i ¢

€ |l ess pleasurable 63.86 (30)

€ equally as pleasurable 17.00 (8)

€ more pleasurable 19.26 (9)
Harm Compared to smoking regular tobacco cigarettes, usmgeg ar et t es i s

€ |l ess har mful 87.26 (41)

€ equally as har mful 12.8%6 (6)

€ more har mful 0.0% (0)
Cost Compared to smoking regular tobacco cigarettes,usmgeg ar et t es i s

€ |l ess expensive 81.32 (39

€ equally as expensive 14.80 (7)

€ more expensive 4.1% (2)
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3.3 Randomization check

To test whether randomization of participants was successful, several baseline measures were
examined by assigned condition order (Group A, Group B). As shoWalle 14 participants

in each group did not differ on any of the measures.

Table 14: Key outcomes amongstudy participants at baseline overall and by group

Dual users Group A Group B Test

Characteristic (n=48) (n=25) (n=23) statistic
mean (SD) (p-value)®
Tobacco t=0.218
Times used per cigarettes 13.7(5.6) 13.9(6.1) 13.5(5.1) (p=0.828)
day E-cigarettes 11.1 (11.4) 11.5(12.1) 10.7 (10.8) (pt::oogzg)
Urinary cotinine [ng/mL] 1329.4 (783.6) 1173.6 (773.1) 1498.8 (776.0) (;201145533;
Exhaledcarbon monoxide [ppm] 17.4 (11.2) 15.6 (9.2) 19.5 (12.8) (520122;?46)
Urinary 1-HOP? . , . t=1.764
[og/mg creatinine] 3076.6 (2790.9] 3732.3 (3232.2) 2363.8 (2055.0 (p=0.085)
Urinary NNAL?2 t=-0.463

(pg/mg creatining] 76.0(1756)  64.6(1334) 883 (214.9) O

Notes:

1Times used per daggaretteper day, inthepastd ay s, f or t olmatdperaay ¢defigesl asean ihstsce of & least one puff) for
e-cigarettes.

2 Arithmetic mean.

3 Differences in means were tested using indepeneests.

3.4 Patterns of product use across studgonditions

Participants6é patt er ns -cigdrettas aceossatiidy tondiliansarteo ci g a
presented iTable 15(for a detailed daily summary of patterns of product use, see Appendix F).
Patterns of use of 0 pdecigaettes accdlbowntagamstawhite ci gar e
background, while patterns of ugef not permittedtobacco cigarettes anecegarettes are

shown against a grey background in the table below. On average, participants reported using e
cigarettes 2.7 times perya the condition oExclusive use of tobacco cigareteesd reported

smoking 1.9 tobacco cigarettes per day in the conditiéxolusive use of-eigarettes In the

condition ofNo product usgparticipants reported smoking 2.8 tobacco cigarettes paardh

using ecigarettes 2.7 times per day.
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Table 15: Patterns of use of tobacco cigarettes andagarettes across study conditions

(n=48)
Condition
Product Variable Dual use tobacco gseof e Fixse ue
cigarettes cigarettes
% (n) or mean (SD)

Tobacco Times used (bouts) per day ~ 13.7(5.6) 12.3 (6.2 1.9 (1.8% 2.8 (1.7%
Cigarette Within 5 min 31.3 36.%%0 15.4% 12.4%
6-30 min 52.1% 36.70 5.1% 12.4%
Timeto TSt 31.60 min 14.6% 16.3% 10.3% 5.3%
After 60 min 2.1% 10.5% 69.2% 69.9%
Mean (SDj 0.9 (0.7) 1.0 (0.8) 2.6 (0.6) 2.4 (1.0)
Time since last use [hogrs 0.8 (0.6) 4.8(13.6) 63.7(37.8) 84.0(92.5)

E- Times used (bouts) per day 11.1 (11.4) 2.7 (1.9% 17.4 (16.9 2.7 (2.1%
Cigarette Number of puffs per bout 9.2 (9.9 4.5 (5.1% 7.9(4.9 3.0 (1.5%
Duration of bout [minutes] 7.7 (9.9 2.1 (1.7% 6.7 (5.4) 2.7 (3.7%

Within 5 min 8.7 0.0% 27. %6 6.8%

_ _ 6-30 min 23.9% 21.7% 37.8% 8.5%

I'S”e‘e tofirst 3160 min 26.1% 4.3% 20.6% 8.5%

After 60 min 41.3% 73.9% 13.8% 76.3%

Mean (SDJ 2.0 (1.0) 2.8 (0.6) 1.1 (0.8) 2.5 (0.9)

Time since last use [hours] 5.0(7.0 78.2 (38.) 1.5(2.6) 114.6(90.6)

Notes:

Greyshaded areas indicate useboh p ¢ r miprodeiadspfor each study condition. Measures of patterns of uéerfan t

obtained throughseff epor t ed

through seHlreported responses collected from scheduled laboratory visits.

responses

1Times used per dagigarettes per day, inthe pasta y s ,

e-cigarettes.

collected

for

2 Summary statistics presented for subset of participants who reported using a given product.
3 Mean time to first use calculated for recoded variable as a continuous measure ranging from 0 (within 5 minutes)@0 B{afiies).
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3.5 Exposure tonicotine and compensatory behaviour

3.5.1 Patterns of use of tobacco cigarettes

To examine whether participants compensated for nicotine by changing their patterns of tobacco
cigarette use, several patterns of use were compared across condiboas$ wseandof

Exclusive use of tobacco cigaret{ese Table 16).

Table 16: Patterns of use of tobaccoigarettes across conditions obual useand Exclusive
use of tobacco cigarettgs=48)

Condition
Measure of tobacco Dual use Exclusive use of Test statistic
cigarette use tobacco cigarettes (p-value)
Mean (95% CI)

. F=7.888
Times used per day 13.7 (12.1, 158 12.3(10.5, 140 (p=0.008

. . F=1.602
Time to first usé 0.9 (0.7,1.1) 1.0 (0.7, 1.2) (p=0.213

Notes:

Abbreviations:Cl=confidence interval

!Times used per dagigarettes per day, in the past 7 days, for tobacco cigarettes

2 Mean time to first use calculated for recoded variable as a continuous measure ranging from 0 (within 5 minutes)a0 Aaftes).

A repeated measures model was conducted to examine daily tobacco cigarette consumption
across study conditions, with assigned condition order (Group A, Group B) and baseline nicotine
dependence (FTCD score) as covariates, and an unstructured vagaagace structure. The
repeated measures model yielded a significant effect of condition (F=7.888, p=0.008): daily
tobacco cigarette consumption was significantly higher in the conditiboafusecompared to

the condition oExclusive use of tobacco cigdtes(mean difference=1.4, 95% CI: 0.4 to 2.4,
p=0.008). Baseline nicotine dependence was also significantly associated with daily tobacco
cigarette consumption (F=22.941, p<0.001), with higher levels of baseline nicotine dependence
associated witlgreate daily consumption of tobacco cigaret{e$1:8, 95% CI:1.0to0 2.5,

p<0.00). No significant effect was detected for the interaction of condition ssigreed

condition order (F=2.999, p=0.0p1

A repeated measures model vadésoconducted to examine time to first tobacco cigarette across
study conditions, with assigned condition order (Group A, Group B) and baseline nicotine
dependence (FTCD score) as covariates, and an unstructured vaoasagance structur@he

repeated meases model indicated that there were no statistically significant differences in time

56



to first tobacco cigarette across study conditions (F=1.602, p=0.213). However, baseline nicotine
dependence was significantly associated with time to first tobaccettegféF=50.339, p<0.001),

with higher levels of baseline nicotine dependence associated with a lower value for time to first
t obacco c-D.8 8580eCt-Q.3¢t0-0,2bp=<0.001).

A significant interaction between assigned condition order and condfk~5.291, p=0.027)

was observed. Stratified analyses indicated that the (malk) effect of condition (described

above) held for Group participants (F=0.609, p=0.444). In addition, baseline nicotine
dependence was significantly associated with tonferst tobacco cigarette (F=16.142, p=0.001),
with higher levels of baseline nicotine dependence associated with a lower value for time to first
t obacco c-0.3 850eCt-Q.3¢0-0;1pp=0.001).

In contrast, a significant effect of condition svdetected for Group A participants (F=5.072,
p=0.036): time to first tobacco cigarette was significantly lower in the conditibualfuseas
compared to the condition &xclusive use of tobacco cigaret{esean difference$.3, 95% CI:

-0.6 t0-0.1, p=H.036). In addition, baseline nicotine dependence was significantly associated
with time to first tobacco cigarette (F=31.584, p<0.001), with higher levels of baseline nicotine
dependence associated with a | owe3,9%%Cl-ue f or
0.3 t0-0.2, p<0.001).
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3.5.2 Patterns of use of ecigarettes

To examine whether participants compensated for nicotine by changing their patterns of e
cigarette use, several measures of patterns of use were compared across conbDitialssef
and ofExclusive use of-eigarettes(seeTable 17.

Table 17: Patterns of use of ecigarettes across conditions dDual useand Exclusive use of
e-cigaretteg(n=48)

Condition
: Exclusive use of e Test statistic
Measure of ecigarette use Dual use cigarettes (p-value)
Mean (95% CI)

Times used (bouts) per day 11.1(7.8, 145  17.4(12.8, 22 ('; 2%306%53
F=1.447

Number of puffs per bout 9.2 (6.5, 12.p 7.9 (6.5, 9% (p=0.238
Duration of bout [minutes] 7.7 (4.810.6 6.7 (5.1, 8.3) F=0.782
.7 (4.8,10. .7 (5.1, 8. (p=0.382
. . F=24.004
Time to first usé 2.0 (1.7,2.3) 11(0.9,1.3 (p<0.001)

Notes:

Abbreviations: Cl=confidence interval

Ti mes us elbutgperday (Hefiged ds an instance of at least one puffydazettes.

2 Mean time to first use calculated for recoded variable as a continuous measure ranging from 0 (within 5 minutes)a0 Aaftes).

A repeated measures model was conductexkamine daily €igarette consumption across
study conditions, with assigned condition order (Group A, Group B) and baseline nicotine
dependence (FTCD score) as covariates, and an unstructured vaoaagance structure. The
repeated measures modedlgied a signifiant effect of condition (F=10.113, p=0.Q08daily e-
cigarette consumption was significantly higher in the conditidexafusive use of-eigarettes
compared to the condition Bfual use(mean difference=6.2, 95% ClI: 2.3 to 10.1, p=0.R0%o
significant effect was detected for the interaction of condition asigjiaed condition order
(F=0.010, p=0.921

A repeated measures model was conducted to examine number of puffs pecdmhgte bout
across study conditions, with assigroeshdition order (Group A, Group B) and baseline nicotine
dependence (FTCD score) as covariates, and an unstructured vaoaagance structure. The

model indicated that there were no significant differences in the number of puffs per daily e
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cigarette but across study conditions (F=1.447, p=0.236), and no significant effect was detected

for the interaction of condition and assigned condition order (F=0.746, p=0.393).

A repeated measures model was conducted to examine the duration ofaiigélyette bat

across study conditions, with assigned condition order (Group A, Group B) and baseline nicotine
dependence (FTCD score) as covariates, and an unstructured vaosagance structure. The
model indicated that there were no significant differencelsardtiration of daily-€igarette bout
across study conditions (F=0.782, p=0.382), and no significant effect was detected for the

interaction of condition and assigned condition order (F=0.826, p=0.369).

A repeated measures model was also conducted to rexaimie to first ecigarette across study
conditions, with assigned condition order (Group A, Group B) and baseline nicotine dependence
(FTCD score) as covariates, and an unstructured var@naiance structure. The repeated
measures model yielded amsificant effect of condition (F=24.004, p<0.001): time to first e
cigarette was significantly lower in the conditionEiclusive use of-eigarettescompared to the
condition ofDual use(mean difference=0.9, 95% CI-1.2 t0-0.5, p<0.001). In addition,

baseline nicotine dependence was significantly associated with time tedigatrette (F=5.291,
p=0.027), with higher levels of baseline nicotine dependence associated with a lower value for
timetofirstec i g ar eQl 9%% CI8:22 to-0.01, p#9.027). No significant effect was

detected for the interaction of condition and assigned condition order (F=0.593, p=0.446).
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3.5.3 Urinary cotinine
Levels of creatinineorrected urinary cotinine were tested across study conditions to examine
whether participats compensated for nicotine by smoking tobacco cigarettes and/or using e

cigaretted seeFigure 3(see Appendix G for corresponding table).

Figure 3: Urinary cotinine * across study conditiongn=48)
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Conditions with diferent superscript letters were significantly different from one another, p<0.05.
Error bars indicate upper limits of 95% confidence intervals.

1 Geometric means, expressed in original units.

A repeated measures model was conducted to examine wotaryne across study conditions,

with assigned condition order (Group A, Group B), baseline nicotine dependence (FTCD score),
e-cigarette product type (tank system, other), acdjarette nicotine content (nicotine present,
nicotine absent) as covariat@sd arunstructured varianeeovariance structurdleasures of

urinary cotinine were adjusted for creatinine andtlagsformed for analyses to ensure

approximate normality; geometric means in original units are presented above.

The repeated measures model yielded a significant effect of condition (F=5.788, p=0.002):
urinary cotinine was significantly higher in the conditiorDefal usecompared to the conditions
of Exclusive use of-eigarettegmean difference=1.6, 95% CI: 14 2.4, p=0.027), and o
product us€mean difference=2.3, 95% CI: 1.3 to 3.9, p=0.00#addition, urinary cotinine
was significantly higher in the condition Bkclusive use of tobacco cigarettsnpared to the
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conditions ofExclusive use of-eigarettes(mean difference=1.7, 95% CI: 1.2 to 2.5, p=0.003),
and ofNo product usémean difference=2.4, 95% CI: 1.5 to 4.0, p=0.08HRseline nicotine
dependence was also significantly associated with urgs@myine (F=8.366p=0.M6), with
higher levelof baseline nicotine dependence associated with higher levels of wotarye

( b1:3 95% CI:1.08to 1.5, p=0.00% No significant effect was detected for the interaction of
condition and assigned condition order (F=0.875, p=0.462).
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3.6 Exposure to tobacco smoke constituents
Several biomarkers of exposure were examined

tobacco smoke constituents changed following product switching.

3.6.1 Exhaled carbon monoxide
Measures of exhaled carbon monoxide are presentesisastudy conditions iRigure 4(see

Appendix G for corresponding table).

Figure 4: Exhaled carbon maoxide across study conditiongn=48)
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Notes:

Abbreviations: ppm=parts per million.

Conditions with different superscript letters were significantly different from one another, p<0.05.
Error bars indicate upper limits of 95% confidence intervals.

A repeated measures model was conducted to examine exhaled carbon monoxide across study
conditions, with assigned condition order (Group A, Group B), baseline nicotine dependence
(FTCD score), €igarette product type (tank system, other), actarette nicotine content

(nicotine present, nicotine absent) as covariates, andstructured wdancecovariance

structureThe repeated measures model yielded a significant effect of condition (F=10.115,
p<0.001): exhaled carbon monoxide was significantly higher in the conditiexchfsive use of
tobacco cigarettesompared to the conditions Blual use(mean difference=3.9, 95% CI: 0.4 to

7.3, p=0.029), oExclusive use of-eigarettegmean difference=10.7, 95% CI: 6.4 to 15.0,
p<0.001), and oo product us¢mean difference=8.4, 95% CI: 4.8 to 12.0, p<0.001). In

addition, carbon monoxide waigsificantly higher in the condition ddual usecompared to the
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conditions ofExclusive use of-eigarettes{mean difference=6.9, 95% CI: 3.8 to0 9.9, p<0.001),
and ofNo product usémean difference=4.6, 95% CI: 1.5 to 7.6, p=0.004).

A significant interaction between assigned condition order and condition (F=3.704, p=0.019)
was observedstratified analyses indicated that the main effect of condition (described above)
generally held for participants randomized to both condition o{@sup A: F=9.383, p<0.001;
Group B: F=3.788, p=0.028) (see Appendix H for detailed results).

3.6.2 Urinary 1-hydroxypyrene
Measures of creatinireorrected urinary-hydroxypyrene (dHOP) are presented across study
conditions inFigure 5(see Appendix G forarresponding table).

Figure 5: Urinary 1 -hydroxypyrene! across studyconditions (n=48)
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Conditions with different superscript letters were significantly different from one another, p<0.05.
Error bars indicate upper limits of 95% confidence intervals.

1 Geometric means, expressed in original units.

A repeated measures model was conductexkamine urinary-HOP across study conditions,

with assigned condition order (Group A, Group B), baseline nicotine dependence (FTCD score),
e-cigarette product type (tank system, other), acdjarette nicotine content (nicotine present,
nicotine absentas covariates, and amstructured varianeeovariance structurdleasures of

urinary 2HOP were adjusted for creatinine and-tognsformed for analyses to ensure

approximate normality; geometric means in original units are presented above.
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The repeat® measures model yielded a significant effect of condition (F=4.766, p=0.006):
urinary 2HOP was significantly higher in the conditionExXclusive use of tobacco cigarettes
compared to the conditions Dlual use(mean difference=1.3, 95% CI: 1.0 to 1.60048), of
Exclusive use of-eigarettegmean difference=1.8, 95% CI: 1.3 to 2.5, p=0.001), aridioof
product us€mean difference=1.4, 95% CI: 1.1 to 1.8, p=0.009). In addition, urinel@R was
significantly higher in the condition @ual usecompard to the conditions dExclusive use of
e-cigarettes(mean difference=1.4, 95% CI: 1.0 to 1.9, p=0.0B&)seline nicotine dependence
was also significantly associated with urinarilOP (F=4.377, p=0.043), with higher levels of
baseline nicotine dependenassociated with higher levels of urinari A0 P 1(1095% CI.
1.0to 1.3 p=0.043)No significant effect was detected for the interaction of condition and
assigned condition order (F=1.883, p=0.148).

3.6.3 Urinary NNAL
Measures of creatinireorrected uringy NNAL are presented across study conditions in

Figure 6(see Appendix G for corresponding table).

Figure 6: Urinary NNAL ! across study conditiongn=48)
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Conditions with different superscript letters were significantly different from one another, p<0.05.
Error bars indicate upper limits of 95% confidence intervals.

1 Geometric means, expressed in orgjianits.
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A repeated measures model was conducted to examine urinary NNAL across study conditions,
with assigned condition order (Group A, Group B), baseline nicotine dependence (FTCD score),
e-cigarette product type (tank system, other), actyarettenicotine content (nicotine present,
nicotine absent) as covariates, andiastructured varianeeovariance structurdleasures of

urinary NNAL were adjusted for creatinine and-kognsformed for analyses to ensure

approximate normality; geometric meansriginal units are presented above.

The repeated measures model yielded a significant effect of condition (F=4.593, p=0.007):
urinary NNAL was significantly higher in the condition®xclusive use of tobacco cigarettes
compared to the conditions Bkclusive use of-eigarettesimean difference=1.5, 95% CI: 1.2 to
2.0, p=0.002), and dflo product us¢mean difference=1.6, 95% CI: 1.2 to 2.0, p=0.001). In
addition, urinary NNAL was significantly higher in the conditiorDafal usecompared to the
condifons ofExclusive use of-eigarettes(mean difference=1.4, 95% CI: 1.1 to 1.9, p=0.017),
and ofNo product usémean difference=1.5, 95% CI: 1.1 to 2.0, p=0.0B@)seline nicotine
dependence was also significantly associated with uriMBiiL (F=13.116,0=0.003, with
higher levels of baseline nicotine dependence associated with higher levels of NNiAdry

(b =1 95% CI:1.1 to 1.6, p=0.001No significant effect was detected for the interaction of
condition and assigned condition order (F=1.260, $3D.
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3.6.4 Summary

An overview of exposure to tobacco smoke constituents across study conditions is presented in
Table 18 Compared to the condition Blual use mean levels of all biomarkers of exposure

among participants declined significantly in the atods of Exclusive use of-eigarettesand of

No product useln contrast, mean levels of exhaled carbon monoxide and uristd@PLlwere
significantly greater in the condition Efclusive use of tobacco cigarettasmpared tdual

use although mean levels of urinary NNAL showed a similar trend, this difference was not

statistically significant.

Table 18: Summary of biomarkers of exposure across study conditiongn=48)

Condition
Exclusive use

Exclusive use

Biomarker Dual use of tobacco of ecigarettes No product use
cigarettes
Mean (% change from Dual use)
E’;hrﬁ]'edcarbon monoxide 17.4  21.1(+21%)*  10.3 (41%)*  12.9 (26%)*
Urinary -HOP?

04\ * & 0/ \* _ 0,
(bg/mg creatinine] 2033 2492 (+23%)* 1411 (-31%) 1751 (-14%)

Urinary NNAL?2

[pg/mg creatinine]
Notes:
Abbreviations: Cl=confidence interval:HOP=XhydroxypyreneNNAL=4-(methylnitrosamino)l-(3-pyridyl)-1-butanol
Asterisks (*) denotsignificart differences in biomarker levetompared to the condition Btial use p<0.05.
! Arithmetic mean.
2 Geometric mean.

30.3 32.7(+8%)  21.2 (30%)*  19.8 (35%)*
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3.6.5 Sensitivity analyses

Sensitivity analyses were conducted in an attempk#mine the effect afon-compliance with

respect teamokingtobacco cigaretteis the study conditions in which these products were not
permitted. The analyses were conducted usingapproachesl) excluding participants with

exhaled carbon monoxide levels greater than 5 ppm in the conditim @foduct us¢n=37);

and 2) excluding participants who se#fported smoking tobacco cigarettes in the condition of

No product us€n=28) (see Appendix | for result€)verall, these analyses yielded a pattern of
results similar to those outlined above: the exclusiomon-compliant participants resulted in

greater differences in biomarkers of exposure across study conditions, despite the use of smaller
samples. However, no significant differences in levels of urindrydtoxypyrene were detected

across study conddns, likely due to limited statistical power.
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3.7 Nicotine withdrawal

To examine changes in nicotine withdrawal experienced by dual users following product

switching, measures of urges to smoke tobacco cigarettes were examined across study conditions

using the brief version of the Questionnaire of Smoking Urges (QSU).iPartecnt s 6

e-cigarettes were examined using an adapted version of the QS W, in which the words
Asmoking cigaretteseiwar e trt-e@d0yieldddnewveraiEh

measure of nicotine withdrawal, as well as a Factwate and a Factor 2 score, measuring

participantsd expectations of

expectations of relief from the negative effect of using a particular product, respectively.

positive

Measures of cravings for both@cco cigarettes andoggarettes are presented by study

urges t

fuse

outcom

condition inFigure 7(see Appendix G for corresponding tabkelthough measures of nicotine

withdrawal for tobacco cigarettes andigarettes were similar in each of the conditionBoél

useandof Exclusive use of tobacco cigarettparsticipants reported significantly greater

cravings for tobacco cigarettes as compareddigarettes in study conditions Bkclusive use

of ecigaretteq(t=4.287, p<0.001) and ®&fo product us€t=4.470, p<0.001L

Figure 7: Measures of nicotine withdrawal for tobacco cigarettes and-eigarettes across

study conditions(n=48)

6

5

< b
5
S 4 T 4 T
w
7 3.7

% 3 3.5 3.4* 3.3
<
=2
o’

1

0

Dual use Use of tobacco  Use of e-cigarettes
cigarettes
Condition

WQSU OE-QSU

Notes:

AbbreviationsQSU=Questionnaire of Smoking Urgé&s;adapted for €igarettes.

*

*
2b
4.3 T
3.5

No product use

Asterisks (*) indicate results that are significantly different from one another within a study condition, p<0.05.
Conditions with different superscript letters were significantly different from one another, p<0.05.

Error bars indicate upper limits 05% confidence intervals.
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3.7.1 Urges to smoke tobacco cigarettes

A repeated measures model was conducted to examine QSU scores across study conditions, with
assigned condition order (Group A, Group B), and baseline nicotine dependence (FTCD score)
as covariats, and an unstructurgdriancecovariance structuré\ repeated measures model
examining overall QSU scores yielded a significant effect of condition (F=6.725, p=0.001):
participants reported significantly greater urges to smoke tobacco cigarettesanditen of
Exclusive use of-eigarettesas compared to conditions Dtial use(mean difference0.8, 95%

Cl: 0.3 to 1.2, p=0.002), and Bkclusive use dbbaccocigarettesmean difference=1.0, 95%

Cl: 0.5to 1.5, p<0.001). In addition, participargparted significantly greater urges to smoke
tobacco cigarettes in the conditiondd product usas compared to conditions Blial use

(mean difference=0.6, 95% CI: 0.2 to 1.1, p=0.009), arekofusive use dbbaccocigarettes

(mean difference=0.9, 96 CI: 0.4 to 1.4, p=0.001) (s€éegure 3. No significant effect was

detected for the interaction of condition and assigned condition order (F=0.750, p=0.529).

A repeated measures model examining scores for the QSU Factor 1, which reflect expectations

of positive outcomes from smoking tobacco cigarettes (e.g., a cigarette would taste good right

now), were also examined acrasgdy conditions (see Appendix OSU Factor 1 scores

showed a similar pattern of results across study conditions, with two extefiist,
participants6 expectations of positive outcom
significantly greater in the condition biio product us@&s compared to the conditionDbal use

and second, participants reported significantly greaigeaations of positive outcomes from

smoking tobacco cigarettes in the conditiobofl useas compared to the condition of

Exclusive use of tobacco cigarettes

A repeated measures model examining scores for the QSU Factor 2, which reflect expectations
of relief from the negative effect of smoking tobacco cigarettes (e.g., | would do almost anything
to be able to smoke a cigarette), were alsoened across study conditioldSU Factor 2

scores showed a similar pattern of results astsy conditiongsee Appendix)J
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3.7.2 Urges to use eigarettes

A repeated measures models were conducted to exar@q®lUEscores across study conditions,
with assigned condition order (Group A, Group B), and baseline nicotine dependence (FTCD
score) as covariates, andwarstructuredrariancecovariance structurés shown irFigure 7

there were no statistically significant differences in urges to asgagettes across study
conditions for the overall )SU measure (F=0.879, p=0.460). Repeated measures models
examiningscores for the £)SU Factor 1 and Factor 2 scores similarly showed no significant
differences acrosstudy conditions (see Appendix J
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3.8 Self-efficacy

To examine changes in sefficacy experienced by dual users following product switching,

measuresghar t i ci pant sdé confidence

in their

examined across study conditions using the SmokingE3tlacy Questionnaire (SEQ).

abil it

Par t i ci -efficacy te @bstandrbni-eigarettes was examined using an adapézdion of

and

the SEQ(ESEQ), in which the words fismok-ing cigar e
ci gar et t-pSEQ yieldI dn everéllEneasure of sefficacy, as well as a Factor 1 score
a Factor 2 scor e, me a s ability to gbstarafronh usingiap ant s 6

particular product when facing internal stimuli and external stimuli, respectively.

Measures of seléfficacy for abstaining from tobacco cigarettes afuibarettes are presented by

study condition irFigure 8(see Appedix G for corresponding tableyleasures of seléfficacy

for e-cigarettes were consistently greater than those for tobacco cigarettes in each study

condition, although these differences did not reach statistical significance.

Figure 8: Measures of seHefficacy for abstaining from tobacco cigarettes and-eigarettes

across study conditiongn=48)

45
40

(E-) SEQ score
[ ST o)

Notes:

38
Dual use Use of tobacco  Use of e-cigarettes No product use
cigarettes
Condition

ESEQ OE-SEQ

Abbreviations: SEQ=SelEfficacy QuestionnaireE-=adapted for €igarettes.
Asterisks (*) indicate results that are significantly different from one another within each study condition, p<0.05.

Conditions with different superscript letters were significantly different from one another, p<0.05.

Error bars indicate upper limit§ 85% confidence intervals.

71




3.8.1 Selfefficacy for abstaining from tobacco cigarettes

A repeated measures models were conducted to examine SEQ scores across study conditions,
with assigned condition order (Group A, Group B), and baseline nicotine dependence (FTCD
score) as covariates, and an unstructuegchncecovariance structuré\ repeated measures

model examining SEQ scores yielded a significant effect of condition (F=3.419, p=0.026):
participants reported significantly greater safficacy for abstaining from tobacco cigarettes in

the condition oNo product us@as compared to cortdins of Exclusive use of tobacco cigarettes
(mean difference=4.2, 95% CI: 1.3 to 7.1, p=0.006), ariekofusive use of-eigarettes(mean
difference=5.0, 95% CI: 1.5 to 8.5, p=0.0(&geFigure §.

A significant interactiorbetween assigned conditiorder and condition (F=3.222, p=0.032)

was observed. Stratified analyses indicated that the main effect of condition (described above)
held for Group A participants (F=6.466, p=0.003): Group A participants reported significantly
greater selefficacy for alstaining from tobacco cigarettes in the conditioWNofproduct usas
compared to conditions @&Xxclusive use of tobacco cigaret{esean difference=7.4, 95% CI: 3.7

t0 11.0, p<0.00L), and ofExclusive use of-eigarettesmean difference=5.6, 95% CI. 1@

10.0, p=0.01h(seeFigure 9. In contrast, there were no significant differences ineafiéacy

for abstaining from tobacco cigarettes among Group B participants across study conditions
(F=1.383, p=0.276).
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Figure 9: Self-efficacy for abstaining from tobacco cigarettes a@ss study conditions, by
group (n=48)

45
40

SEQ score
—_ e b b e
th © Lh © Lh O Ln

]

Notes:

36 -|-

32

Dual use

Use of tobacco
cigarettes

B Group A OGroup B

34

342

Use of e-cigarettes No product use

Condition

Abbreviations: SEQ=SeHEfficacy Questionnaire.
Conditions with different superscript letters were significantly different from one another, p<0.05.
Error bars indicate upper limits of 95% confidence intervals.
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Repeated measures models examining scores for the SEQ Factor 1 and Factor 2, which reflect
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their ability

(e.g.,feeling depressed), and external stimuli (e.g., when having a drink with friends),

respectively, were also examined acrstsgly conditions (see AppendiX KSEQ Factor 2 scores

showed a similar pattern of results across study conditions, while SEQ EFactmmes showed

no significant differences.

3.8.2 Selfefficacy for abstaining from ecigarettes

A repeated measures model was conducted to exarrie(Escores across study conditions,

with assigned condition order (Group A, Group B), and baseline nicapendence (FTCD

score) as covariates, and an unstructuegchncecovariance structuré\s shown irFigure 8
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abstain from vaping across study conditidfs1.867, p=0.150). Repeated measures models
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3.9 Perceived health and subjective effects

3.9.1 Perceived respiratoryhealth

To examine changes in the perceived health of dual users following product switching, five
measures of perceived health were examined across study conditions: experiencing shortness of
breath, frequency of experiencing cough, frequency of expamgrough with phlegm, sounds
emanating from the chest, and an overall description of lung function. Each outcome was
modeled as a binary variable @morse than usual heafibr &no difference in health; bédtter 6

than usual health Repeated measure®dels were conducted to examine each domain of
respiratory health across study conditions, with assigned condition order (Group A, Group B)

included as a covariate, and using a diagonal varieoeariance structure.
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3.9.1.1 Overall lung function

Participants wre asked to indicate whether they perceived a change in their overall lung function
in each study conditiorrigure 10shows the proportion of dual users reporting better perceived
lung function following each study conditiggee Appendix G for correspding table).In a
repeated measures model examining perceived lung function, a significant effect of condition
was observed (F=6.778, p<0.001): a greater proportion of participants reported better lung
function in the condition dExclusive use of-eigareitesas compared to conditions Dtial use
(mean difference=0.3, 95% CI: 0.2 to 0.5, p<0.001), arekofusive use of tobacco cigarettes
(mean difference=0.4, 95% CI: 0.2 to 0.5, p<0.001). In addition, a greater proportion of
participants reported better lung function in the conditioN@product usas compared to
conditions ofDual use(mean difference=0.3, 95% CI. 0.2 to 0.5, p<0.0ahyl ofExclusive use

of tobacco cigarette@nean difference=0.4, 95% CI: 0.2 to 0.5, p<0.001). No significant effect
was detected for the interaction of condition and assigned condition order (F=0.762, p=0.517).

Figure 10: Proportion of participants reporting better perceived lung function across study
conditions (n=48)

45

40"
3gh

6ﬂ

A
0

Dual use Use of tobacco  Use of e-cigarettes INo product use
cigarettes
Condition

Notes:
Conditions with different superscript letters were significantly different from one another, p<0.05.
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3.9.1.2 Other respiratory health domains

Participants reprted similar improvements in experiencing shortness of breath, cough, cough
with phlegm, or sounds emanating from the chest, across study conditions, as shigureiil
(see Appendix G for corresponding table).

Figure 11: Proportion of participants reporting better perceived respiratory health across
study conditions (n=48)

b b b
35 40°| 40,7 140

300 324 310
5

10

TSN 7| TR T

Dual use Use of tobacco  Use of e-cigarettes No product use
cigarettes
Condition

H Shortness of breath O Cough [ECough with phlegm O Chest sounds

Notes:
Conditions with different superscript letters were significantly different from one another, p<0.05.

In a repeated measures model examining change in experiencing shortness of breath, a
significant effect of condition was observed (F=6.952, p<0.001): a significantly greater
proportion of participants reported improvement in experiencing shortness &f ioréae
condition ofExclusive use of-eigarettesas compared to conditions Blial use(mean
difference=0.4, 95% CI: 0.2 to 0.5, p<0.001), ané&xdlusive use of tobacco cigaret{esean
difference=0.4, 95% CI: 0.2 to 0.5, p<0.001). In addition, aifsigmtly greater proportion of
participants reported improvement in experiencing shortness of breath in the conditmn of
product useas compared to conditions Bfial use(mean difference=0.3, 95% CI: 0.1 to 0.4,
p<0.001), and oExclusive use of tobao cigarettegmean difference=0.3, 95% CI: 0.1 to 0.4,
p<0.001). No significant effect was detected for the interaction of condition and assigned
condition order (F=1.208, p=0.308).
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In a repeated measures model examining change in frequency of expgrangjh, a

significant effect of condition was observed (F=6.816, p<0.001): a significantly greater
proportion of participants reported improvemengxperiencingcough in the condition of
Exclusive use of-eigarettesas compared to conditions Dtial use(mean difference=0.4, 95%
Cl: 0.2 to 0.5, p<0.001), and Biclusive use of tobacco cigaret{esean difference=0.4, 95%

Cl: 0.2 to 0.5, p<0.001). In addition, a significantly greater proportion of participants reported
improvement irexperiencingough in the condition dflo product uses compared to

conditions ofDual use(mean difference=0.3, 95% CI: 0.1 to 0.4, p<0.001), arekofusive use

of tobacco cigarette§nean difference=0.3, 95% CI: 0.1 to 0.4, p<0.001). No significant effect

was degcted for the interaction of condition and assigned condition order (F=0.341, p=0.796).

In a repeated measures model examining change in frequency of experiencing cough with
phlegm, a significant effect of condition was observed (F=7.561, p<0.001): fcsigthy

greater proportion of participants reported improvemeekperiencingough with phlegm in
the condition oExclusive use of-eigarettesas compared to conditions Btial use(mean
difference=0.3, 95% CI: 0.2 to 0.5, p<0.001), ané&xdlusiveuse of tobacco cigarettésean
difference=0.4, 95% CI: 0.2 to 0.5, p<0.001). In addition, a significantly greater proportion of
participants reported improvementdrperiencingough with phlegm in the condition bio
product useas compared to conditisrof Dual use(mean difference=0.3, 95% CI: 0.1 to 0.4,
p=0.001), and oExclusive use of tobacco cigaretfesean difference=0.3, 95% CI: 0.1 to 0.4,
p<0.001). No significant effect was detected for the interaction of condition and assigned
condition orde (F=0.271, p=0.846).

In a repeated measures model examining change in experiencing sounds emanating from the
chest, a significant effect of condition was observed (F=6.799, p<0.001): a significantly greater
proportion of participants reported improvemenéxperiencing chest sounds in the condition of
Exclusive use of-eigarettesas compared to conditions Dtial use(mean difference=0.3, 95%

Cl: 0.2 to 0.5, p<0.001), and Biclusive use of tobacco cigaret{esean difference=0.4, 95%

Cl: 0.2 t0 0.5, p8.001). In addition, a significantly greater proportion of participants reported
improvement in experiencing chest sounds in the conditiddogiroduct us@s compared to
conditions ofDual use(mean difference=0.2, 95% CI: 0.1 to 0.4, p=0.001), ariekalusive use
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of tobacco cigarette@nean difference=0.3, 95% CI: 0.1 to 0.4, p<0.001). No significant effect

was detected for the interaction of condition and assigned condition order (F=0.221, p=0.881).

3.9.2 Perceived overall health
Participants were asked italicate whether they perceived a change in their overall health in
each study conditioable 19s h o ws p a r t-reporteg Eercdivedtheattheby dtudy

condition.

Table 19: Changes in percéved health across study conditiongn=48)

Condition
Exclusive use of  Exclusive use of e
tobacco cigarettes cigarettes No product use
% (n)

Change in overall lealth as a result of not using-cigarettes?

Worse than usual 14.6% (7) - - 2.1% D)

No difference 81.3% (39) - - 79.2% (38)

Better than usual 4.2% (2) - - 18.8% (9)
Change in overall health as a result of not usingpbaccocigarettes?

Worse than usual - - 4.2% 2) 4.2% 2)

No difference - - 54.2% (26) 54.2% (26)

Better than usual - - 41.7% (20) 41.7% (20)

AMcNemarBowker test was used to examine changes
condition ofExclusive use of tobacco cigarettes the condition oExclusive use of-e

cigaretes The omni bus test vyi &L6beldpo801MiNgmar f i cant
posthoc analyses with Bonferroni adjustment indicated drgignificantly greater proportion of
participants reported better than usual health (vs. no difference) in the condExciugive use

of ecigarettesas compared to the conditi of Exclusive use of tobacco cigaret{e&13.000,

p=0.003).

Changes in participantsd percei vebkkclusieeadet h wer
of tobacco cigarettegs. the condition oNo product useA McNemarBowker test indicated no
signi ficant difference in participant®s™4dpercei \

p=0.059). Similarly,aMcNemaé&8 owk er test indicated no signifi
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perceived health in the condition Bxclusive use of-eigaretesas compared to the condition of
No product us¢ %&1.400, p=0.706).

Further, participants were asked to consider any negative or positive effects they experienced as
a result of abstaining from smoking tobacco cigarettes and/or usiggrettes ovethe course

of the study. Brticipants reported the following negative effects as a result of notesing

cigarettes: body pains (n=1), fatigue (n=1), malaise (n=1), feeling anxious (n=1), feeling
depressed (n=1), and feeling angry (n¥gsitive effectsesulting from not using-eigarettes

included: increased appetite/eating better (n=1), and having more energy (n=1).

On the other hand gpticipants reported the following negative effects because of not smoking
tobacco cigarettes: suffering from niicee withdrawal symptoms (n=1), feeling depressed (n=1),

and feeling stressed (n=DBositive effects as a result of not smoking tobacco cigarettes included:
having more energy (1i2), feeling better/healthier (nk9ncreased appetite/eating better (D=6

ergaging in more physical activity 3ss oci al i zi ng with friends who
experiencing better mental health 8)=experiencing fewer cravings for tobacco cigarettes

(n=3), increased confidence to quit cigarettes2jnimproved sense of snh¢h=1), and

improved sleep (n=1).

3.9.3 Perceived addiction
Participants were asked whether they considered themselves addicted to either tobacco cigarettes
or ecigarettes over the course of the stutigble 20s h o ws p a r t-reporiteg @ercdivedd s e | f

addction to each product, by study condition
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Table 20: Perceived addiction to tobacco cigarettes and@garettes across study conditions

(n=48)

Condition
Exclusivg use of Exclu.sive use of e No product use
tobacco cigarettes cigarettes
% (n)

Do you consider yourself addicted te-cigarettes?

Not at alladdicted 39.6% (29) - - 41.7% (20)

Somewhat addicted 52.1% (25) - - 52.1% (25)

Very addicted 8.3% 4) - - 6.3% 3)
Do you consider yourself addicted to tobaccoigarettes?

Not at alladdicted - - 2.1% (2) 2.1% (2)

Somewhat addicted - - 35.4% a7 41.7% (20)

Very addicted - - 62.5% (30) 56.3% 27)

A McNemarBo wk e r t est was

the condition oExclusive use of tobacco cigareties the condition oExclusive use of-e
y i &P9B42dp<@mO0MiNgmar f i can't
posthoc analyses with Bonferroni adjustment indicated drsgnificantly greater proption of

cigarettes The omni bus test

used to examine

changes

participants perceived themselves as addicted to tobacco cigarettes as compaigar étes

(very addicted vZ11.000, p=t0.008;tverysatidictedavs. domewthat addicted:

6°=11.842, p=0.003; and somewhat addicted vs. notadd2d7.000¢p=0.048).

A

Participant sé peigaccttes was also aothpared ih theocanditioBxaiusive

use of tobacco cigarettes. the condition oNo product useA McNemarBowker test indicated

no significant difference in partigia nt s 6

p er c e i-cigarettesdeatwkeendhiese study t o

c ondi t51.07d,9=068%). Similarly, a McNemBowker test indicated no significant

di fference in partici

e

pant sbé percei viexdusiseddi ct i

useof ecigarettesas compared to the condition¥b product us¢ %1.000, p=0.317).

3.9.4 Perceived difficulty in abstaining from product use

Participants were asked to reflect on the difficulty they experienced while abstaining from

smoking tobacco cigarettes from using ecigarettes over the course of the stutigble 21
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shows participantso6é perceived difficulty in a

condition

Table 21: Perceived difficulty in abstaining from smoking tobacco cigarettes or from using
e-cigarettes, across study condition§n=48)

Condition

Exclusive use of Exclusive use of e
No product use

tobacco cigarettes cigarettes
% (n)
Over the past week, how easy or difficult was it to go without using&garettes?
Easy 64.6% (32) - - 54.2% (26)
Neither easy nor difficult 10.4% (5) - - 2.1% Q)
Difficult 25.0% (12) - - 43.8% (21)
Over the past week, how easy or difficult was it to go without smoking cigarettes?
Easy - - 14.6% 7) 8.3% (4)
Neither easy nor difficult - - 8.3% (4) 6.3% 3)
Difficult - - T77.1% (37) 85.4% (41)

AMcNemarBowker test was used to examine particip
from product use in the condition Bkclusive use of tobacco cigarettes the condition of

Exclusive use of-eigarettes The omnibus test yielded a significanttl f e r’=18.298,: ¢
p<0.001.McNemar poshoc analyses with Bonferroni adjustment indicated drsgnificantly

greater proportion of participants reported difficulty (vs. ease) in abstaining from product use in

the condition oExclusive use of-eigarettesas compared to the conditionBx%clusive use of

tobacco cigarette§ %17.065, p=0.003).

Participantsdé perceived digafeftes was &lso gomparediathest ai n
condition ofExclusive use of tobacco cigarettes the coniion of No product useA

McNemarBowker test indicated no significant diff
abstaining fromusingei gar ettes bet we e n=7t267eps®064.t udy condi
Similarly, no significant difference inpacti pant sé perceived difficult
smoking tobacco cigarettes was found when comparing the conditixchisive use of-e

cigaretteswith the condition ofNo product us¢ %4.000, p=0.261).
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4 DISCUSSION

4.1 Baseline characteristics and pattern®f product use among dual users

4.1.1 Characteristics of dual users

Dual users in this study exhibited low to moderate nicotine dependence for tobacco cigarettes

and low nicotine dependence focigarettes. Nicotine dependence for tobacco cigarettes, as

measued using the FTCD, among this sample of dual users was greater than that of US dual

users surveyed by Rass and colleagues (2015), likely resulting from the inclusiordaiilgon

smokers reporting lower daily cigarette consumption in the study conduckaskyand

coll eagues (2015). When measured using the ND
tobacco cigarettes fell between that characterizingdependent smokers or chippers (NDSS

1.76) and dependent regular smokers, smoking at leasy@@ttes per day (NDSS 0.12)

(Shiffman & Sayette, 2005). Nicotine dependence scoresdmaeettes were difficult to

interpret, as has been noted by other authors, given that some items in the FTCD and NDSS are

not well suited for eigarettes (e.g., cbinued product use despite risks) (Etter & Eissenberg,

2015). Nevertheless, comparison of dependence scores for each product (with respect to both the
FTCD and NDSS) reflected greater dependence for tobacco cigarettes as compared to e

cigarettes, mirroring e s pondent s06 perceived addiction to e
consistent with other studies of dual users (Etter & Eissenberg, 2015; Rass et al., 2015), and are
supportive of published research suggesting ttrig&ettes have less addictive patairelative

to tobacco cigaretteg&fter & Eissenberg, 2015; Goniewicz et al., 20\&nsickel, Weaver &

Eissenberg, 2012).

4.1.2 Patterns of product use among dual users

In the current study, the vast majority of dual users reported using tank sysigarete

products and-équids containing nicotine, with low to moderate nicotine concentrations being

the most commonly used. These findings are consistent with other published surveys of dual
users (Berg, 2016; Farsalinos, Romagna & Voudris, 2Rliferetal., 2016). The consistency

of these findings provides further evidence that the restriction on nigmimaining products in
Canada has not prevented individuals from obtaining and using such products (Hammond et al.,
2015; Standing Committee on Heal#®15). The reported use of flavouredigarettes/diquids
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supports previously published findings regarding the popularity of such flavours, and particularly

fruit flavours, among-eigarette users (Shiplo, Hammond & Czoli, 2015).

4.1.3 Dual use behaviour

The findings highlight the dominant role that tobacco cigarettes play among dual users. First, all
dual users in the study sample began smoking tobacco cigarettes before takoigaupttes,
consistent with a survey of adult US dual users (Rass et 4b).28econd, although daily
consumption of tobacco cigarettes ancigarettes were similar, a greater proportion of dual

users reported smoking tobacco cigarettes within the first hour of waking, as compared to e
cigarettes. Third, these patterns of usmplemented differential scores of nicotine dependence
the results of several measures of nicotine dependence converged to reflect greater dependence
for tobacco cigarettes as compared-tgarettes. Fourth, dual users perceivaigarettes as

less stisfying and pleasurable than tobacco cigarettes. Fifth, with respect to their behavioural
identity, more respondents sélentified as tobacco cigarette smokers rather than either dual

users or eigarette vapers.

At the same time, several findings from the current study illustrate the potentiaigafrettes to
compete with, and potentially substitute for, tobacco cigarettes. For instance, the finding that
dual users commonly useecigarettes and tobacco cigdestin similar places suggests that e
cigarette use is not confined to settings in which smoking is prohibited. Dual users also reported
greater motivation to cease their use of tobacco cigarettes, reflecting atenmggreference for
e-cigarettes, asvadenced by a greater number of past quit attempts and future quit intentions.
Furthermored ual wuser s6 mo s tinitiatimy @A oncurremlysingercigarettes r
included to reduce or quit smoking and as a result of the belief that thesetprack less

harmful than tobacco cigaretteonsistent with other resear@erg, 2016 Etter, 2015;

Farsalinos, Romagna & Voudris, 2015; Patel et al., 2B&6s etl., 2015; Rutten et al., 205
These findings were further =sigaptesastestarniy dual
than tobacco cigarettes, which has also been shown in the literature (Farsalinos, Romagna &
Voudris, 2015; Rass et al., 2015). Finally, a majority of duaisuselieved that-eigarettes

would make it easier to quit smoking tobacco cigarettes, and reported smoking fewer tobacco
cigarettes from the time they began usirggarettes daily, similar to other published studies
(Farsalinos, Romagna & Voudris, 20Bxgss et al., 2015; Rutten et al., 2015).
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4.1.4 Compensatory behaviour and exposure to nicotine

Dual use vs. exclusive smoking

Compensatory behaviour for nicotine was asses
product use and levels of urinary cotinaeoss study conditions in the product switching

experiment. In the current study, dual users were able to effectively take in nicotine when they
switched from dual use to smoking, as evidenced by their relatively stable cotinine levels. The
stability of cotinine levels across dual use and exclusive smoking suphgrtthesis 1and is

consistent with published studies examining switching from exclusive smoking to dual use

(Pacifici et al., 2015; Meier et al., 2017). This switch does not limit partigpant ni cot i ne i n
given that both these behaviours involve use of tobacco cigarettes, which deliver nicotine
efficiently (USDHHS, 2010). However, particip
not significantly greater when exclusively smokingampared to when engaging in dual use, in
contrast taHypothesis laln fact, study participants reported smoking a greater number of

tobacco cigarettes per day when engaging in dual use as opposed to exclusive smoking.

However, the magnitude of this difemmce was modest, and may have been subject to several
measurement issues. First, measures of cigarette consumption were baseceporselfhich

are subject to biases that do not apply to objective measures, such as biomarkers of exposure
(discussed bHew). Second, patterns of dual use were measured retrospectively, prior to
participantsé entry into the study; as a resu
and remuneration, may have had aniowOhfteect on p
other hand, despite smoking fewer tobacco cigarettes per day when exclusively smoking,
participants may have compensated for nicotine by smoking each tobacco cigarette more

intensely (Hammond, Fong, Cummings & Hyland, 2005). Due to the faicti#tily cigarette

consumption is only a crude measure of nicotine intake, it is not clear which of these potential

reasons accounts for the study findings.

Dual use vs. exclusive vaping

When comparing the behaviours of dual use and exclusive vaping autrent study,
participants6é urinary cotinine | evels were si
despite significant increases in seported ecigarette consumption in this study condition.

Specifically, participants exhibited compensatoephaviour with respect to@garettes,

reporting using €igarettes a greater number of times per day as well as usiggrettes earlier
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in the day, providing support fétypothesis 1bHowever, this behavioural change appeared
insufficient to maintairstable cotinine levels. This finding contrasts witypothesis 1and is
inconsistent with several published studies in which smokers were able to achieve similar
cotinine levels while using advancedigarette products (Berg et al., 2014; Pacifici t2015).
Although the vast majority of dual users in the current study reported using tank systems and e
liquids with nicotine, the nicotine delivery potential of these devices was not tested, and may
account for these results. Indeed, similar levelsoghme among study participants across
conditions of exclusive vaping and n-o product
cigarette devices may have been limited in their ability to deliver nicotine. Given that nicotine is
the substance that driv¢éobacco addiction, the inability of dual users to obtain sufficient

nicotine exclusively from their-eigarettes may limit the smoking cessation potential of these
devices.

4.1.5 Exposure to tobacco smoke constituents

Dual use vs. exclusive vaping and no pdoct use

Levels of several tobacco smoke exposure biomarkers, including exhaled carbon moroxide, 1
hydroxypyrene, and NNAL, were consistently lower when participants exclusively vaped as

compared to when they engaged in dual use, providing suppétyfotheses 2a, 2land2c.

Reduction in exposure to carbon monoxide is consistent with published studies examining
smoker s 06 s wicigaceties (Adriaenssetal., @G14; €aponnetto et al., 2013; Cravo et

al., 2016; Goniewicz et al., 2016; Littet&.0 1 6; Mc Robbi e et al ., 2015;
Pacifici et al., 2015; van Staden et al., 2013). In addition, reduction in exposure to pyrene

supports the findings of Hecht and colleagues (2015) comparing exposure to PAHs among
vapers and smokers,a= | | as the findings of O6Connell an
smokerso exposure to these compounds foll owin
significant reduction in exposure to the carcinogen NNK supports published comparative
analysesHecht et al., 2015; Wagener et al., 2016) as well as switching studies (Cravo et al.,
2016; O06Connell et al., 2016; Goniewicz et al

Biomarkers of exposure were also reduced when participants abstained from both tobacco
cigarettes and-eigarettesas compared to dual use. Significant reductions were observed for
carbon monoxide and NNK biomarkers when participants used neither product; although levels
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of 1-HOP also decreased, this difference did not reach statistical significance. In additien, whi
exposure to all examined tobacco smoke constituents decreased when participants were not
permitted to smoke nor vape, exposure did not reduce to nil. Although this is likely the result of
some respondents continuing to smoke tobacco cigarettes, aswskliv clearance of some
biomarkers, particularly NNAL (Hecht et al., 1999), it may also reflect the presence of
contaminants in-eigarette products, or other sources of environmental exposure, particularly for
PAHs (WHO, 2007).

Dual use vs. exclusivensoking

Exposure to carbon monoxide gmalycyclic aromatic hydrocarbonsas significantly greater

when individuals exclusively smoked as compared to when they engaged in dual use (21% and
23%, respectively). With respect to this comparisonpnrsignificant increase in exposure to

NNK was also observe@%). These findings are generally consistent with two published
switching studies. First, in a switching study witlivéek followup, McRobbie and colleagues
(2015) reported significant reduction in exp@sto carbon monoxide among smokers taking up
e-cigarettes, with greater reduction observed among exclusive vapers as compared to dual users
(80% vs. 52%) (McRobbie et al., 2015). Further, in an indesgionsored -iveek switching
study, 006 Ccagoes (2016) eepoded similarlfindings, with all examined biomarkers
showing a decreasing trend with decreasing tobacco cigarette consumption among parallel
groups of smokers. Specifically, compared to their baseline smoking behaviour, reduction in
exposue to carbon monoxide, PAHs, and NNK, respectively, were observed among smokers
who switched to dual use (B2%, and 285%, [NNK exposure value not published]), among
smokers who switched to exclusive vaping (89%66%, and 6264%), and among smokers

who quit tobacco/nicotine products entirely ([carbon monoxide exposure value not published],
70%, and 66%). Notably, greater reduction in exposure was observed in these switching studies
when compared with findings from the current study. Factors that ccayiat for these

differing results include the motivation of smokers in the study by McRobbie and colleagues
(2015) to quit smoking, and the clinical conf
colleagues (2016), which may have contributed totgrgetential substitution of tobacco

cigarettes with eigarettes and greater compliance with forced product switching.
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To date, only one study has examined tobaetated biomarkers of exposure in raairld

settings. Shahab and colleagues (2017) exatha suite of biomarkers of exposure to TSNAs

and volatile organic compounds in several groups of-teng nicotine product users. Cress
sectional comparative analyses indicated that exclusive vaping, but not dual use of tobacco
cigarettes and-eigaretes, was associated with lower levels of exposure to several tobacco
constituents, as compared to exclusive smoking (Shahab et al., 2017). Although the authors
noted that their statistical power to detect small differences (such as that between duabusers a
exclusive smokers) was limited, the magnitude of observed differences in exposure were similar
to those observed in the current study, at least with respect to NNK exposure. This may reflect

the fact that both studies assessed experienced nicotinepuseéus in realvorld settings.

Overall, study findings regarding exposure to tobacco smoke constituents are consistent with the
product design and properties efigarettes, which do not contain tobacco and do not undergo
combustion when use@¢rthola et al., 2013Besaratinia & Tommasi, 2014), and support

research evidence suggesting that useafarettes is likely to be less harmful than smoking
(Hajek, Etter, Benowitz, Eissenberg, & McRobbie, 2024hough the current study is unable

to discen whether dual users reduce their tobacco cigarette consumption by substitution with e
cigarettes or simply useagarettes alongside their usual smoking to bridge periods ef non
smoking, it appears dual users use their products to achieve a desired teseline, consistent

with other researcBgnowitz, 2001 Shahab et al., 2017). Despite slight reductions in exposure
associated with dual use, the findings demonstrate that abstaining from tobacco cigarettes is the
most important factor in reducinggosure to toxic smoke constituents. Research evidence
indicates that smokers who quit tobacco cigarettes completely reduce their risk of premature
death to levels comparable to remokers (Doll, Peto, Boreham & Sutherland, 2004; USDHHS,
2010). However, th potential benefits of smoking reduction, as may be the case of dual use, are
less clear. Despite the fact that many tobacco smoke constituents, including carbon monoxide,
TSNAs, and PAHs, have been implicated in the development of cardiovascular disgtase

various cancers (IARC, 2004; USDHHS, 2010), evidence regarding how changes in smoking
related biomarkers predict future risk of disease is lacking (USDHHS, 2010). For instance, with
respect to cardiovascular disease, epidemiologic evidence demoressatasy doseesponse
relationship between the number of cigarettes smoked per day and cardiovascular risk. However,

the relationship is not linear, meaning that even low levels of exposure to tobacco are sufficient
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to substantially increase cardiovasoulisk (USDHHS, 2010). To date, significant health

benefits from reducing the amount of tobacco cigarettes smoked have not been demonstrated
with respect to various disease outcomes (USDHHS, 2010). While it is plausible that dual use
could reduce individal risk if it results in substantial reductions in smoking, the threshold for
meaningful reductions is unclear, particularly given that smokers may compensate for reductions
in the number of cigarettes they smoke by smoking each cigarette more interasemdhid,

Fong, Cummings & Hyland, 2005; USDHHS, 2010). This is generally supported by the current
findings, in which the differences between dual use and exclusive smoking were modest.
Therefore, dual use is likely to have public health benefit only textent that it leads to

complete smoking cessation.

4.1.6 Nicotine withdrawal and selfefficacy

In the current study, participants experienced significantly greater cravings for tobacco cigarettes
when they were not permitted to use these products. ThisdisdipportdHypothesis 3aand

indicates that dual users perceived smoking tobacco cigarettes as a desirable and rewarding
behaviour, and also anticipated relief from nicotine withdrawal (Cox, Tiffany & Christen, 2001).

This finding contrasts with otherstu e s ex ami ni ng s mocigarettespin s wi t ¢c h
which smokersé6é cravings either declined (Goni
2017; Wagener et al., 2014). When compared to the current study, these switching studies

involved dfferent design parameters, such as the study length and the tyoegafeite

products used: the studies by Meier et al. (2017) and by Goniewicz et al. (2016) examied first
generation products for onand twoeweeks, respectively, while Wagener andeajues (2014)

evaluated use of a secegdneration product for a oveeek period. Participants in these studies

also differed with respect to their intentions to quit smoking tobacco cigarettes: while Goniewicz

et al. (2016) studied smokers who may hanerided to quit, the study by Wagener and

colleagues (2014) examined smokers not intending to quit smoking. However, it is not entirely

clear whether these factors account for these inconsistent results.

Changes i n pefficacy fa abgtamy frandsmakiad tdbacco cigarettes depended
on the order in which they experienced study conditions, providing partial suppdstdfothesis
4da.Participants who -wiesed assquarde toforagudlecd e @t

use at baseline txelusive smoking, to exclusive vaping, and finally to use of neither préduct
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experienced no significant changes in their-séitacy with respect to tobacco cigarettes. In
contrast, the sekéfficacy of participants who were assigned to a more chatigrsgquence of
product switching from dual use at baseline to exclusive vaping, to exclusive smoking, and
finally to use of neither produttreflected this challenge, decreasing 1sagnificantly following
their first and second product switches, amehtincreasingly significantly in the final week of

the study. Overall, at the end of the prodswitching experiment, the sedfficacy of

participants assigned to both sequences did not differ significantly from their baseline values,
which is consisterwith the findings of other switching studies involving smokers not intending
to quit (Meier et al., 201 &Vagener et al., 2014).

Participants reported no changes in cravings-4agarettes and se#fficacy to abstain from

using ecigarettes acrossuaty conditions. In contrast tdypothesis 3pthese findings indicate

that dual users did not experience marked changes in either their desire to vape or nicotine
withdrawal symptoms with respect to these products. Further, in contidgbathesis 4p

paticipants were confident in their ability to abstain from vaping, even when they were not
permittedtouse-ei garettes. These findings were suppor
experiences throughout the study, in which they perceived themselves aaddlioted to

tobacco cigarettes versusigarettes, and perceived greater difficulty in abstaining from

smoking as compared to vaping. Overall, the study findings show that dual users are comfortable
both using and abstaining fronrcegyarettes, and mayftect the lower addictive potential of

these productstter & Eissenberg, 2015; Goniewicz et al., 208nsickel, Weaver &

Eissenberg, 2012).

4.1.7 Perceived health

Dual users reported that their respiratory health significantly improved when they abBtaimed
smoking tobacco cigarettes. Participants consistently reported improvement in experiencing
shortness of breath, cough, cough with phlegm, sounds emanating from the chest, and in
perceived lung function in conditions in which they were not permittsditzke, providing

support forHypothesis 5Additional health improvements associated with not smoking included
having more energy, feeling better/healthier, increased appetite/eating better, engaging in more
physical activity, experiencing better mentahtih, experiencing fewer cravings for tobacco

cigarettes, increased confidence to quit cigarettes, improved sense of smell, and improved sleep.
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These findings are consistent with other published studies, in which smokers switching to use of
e-cigarettes isnilarly reported experiencing health improvements, particularly respiratory health,
with few reports of adverse effects associated with vaping (Adriaens et al., 2014; Berg et al.,
2014; Caponnetto et al., 201Gipella et al., 20160niewicz et al., 20%6Polosa et al., 2014,

van Staden et al., 2013). Overall, the study findings demonstrate that abstaining from smoking
tobacco cigarettes is associated with significant improvements in perceived health, with many of
these benefits experienced very quickigra change in behaviour, even within a wéalg

period.

4.2 Limitations and strengths

The current study faced several limitatiptige firstofwhich s t he st udydés use of
probability-based sample. However, a comparison of characteristics oftheeunt st udy 6 s
sample with a nationally representative data indicate that daily dual users in the current study
resembled those in the Canadian populati®hADS [data not published], 20L5The current

study sample reported similar daily tobacco cigamitesumption as Canadian daily dual users

at large (13.7 vs. 13.0 cigarettes per day), although daily dualingbescurrent studgxhibited

greater dependence (mean Heaviness of Smoking Index 2.8 vs. 1.8), givhaytheported

smoking their first tbacco cigarettearlier in the day (83.4% vs. 75.8% reported smoking their

first tobacco cigarette within 30 minutes) (CTADS [data not publishedh)28ithough a

greater proportion of Canadian daily dual users report intentions to quit smoking ixttlsexne

months as compared to the current study sample (81.3% vs. 46.8%), it is important to note that

an exclusion criterion of the current study was that potential participants not have serious
intentions to quit smoking in the next six mont&th respet to sociodemographic

characteristics, the current study sample was younger (mean age 35.9 years vs. 48.7 years), and
consisted of a greater proportion of males (70.8% vs. 61(G¥ADS [data not published],

2015). These differences in sociodemographiareltteristics also differentiate the current

sample of daily dual users from samples of dual users surveyed in the US (Rass et al., 2015;
Rutten et al., 2015Dverall, daily dual users in the current staghpear taesemble thosm the

Canadian populain at large, indicating that potential biases stemming from participant

recruitment may not overly influence the study findings.
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Next, dual userso6 patt er ns-cigafettes seee baséd orbselt h t
reported data, which are sabj to various biases. Although sedported measures of tobacco
cigarette consumption used in population surveys have been shown to be valid and reliable
(Hatziandreu et al., 1989; Ramo, Hall, & Prochaska, 2011), the data may nevertheless be subject
to social desirability bias, given that participants were asked to consciously monitor their
behaviour in a context in which smoking is increasingly perceived as socially undesirable. With
respect to use of@garettes, although measures of patterns of use setected based upon a
review of the literature, and are reflected in a recently published list of core items recommended
for assessing-eigarette use (Pearson et al., 2017b), they nevertheless face potential limitations.
For instance, selfeported mesures of the number of daily bouts e€igarette use and number

of puffs per bout may be subject to recall bias. One challenge associated with measuring e
cigarette use is posed by the physical propertiescgjaettes themselves: unlike tobacco
cigaretes, which have a distinct beginning and end pototgarettes can last several days

before they need to be-filed or replaced (Pearson et al., 2017a). In addition, qualitative
research has indicated that much vaping behaviour is not consciousediratleast among

novice users (Kim, Davis, Dohack, & Clark, 2017). Indeed, a study comparinggetted

puffing frequency collected via ecological momentary assessment (EMA) to objective data
collected by a Bluetootbnabled ecigarette device indicatl that vaping participants

significantly undereported their €igarette puffs (Pearson et al., 2017a). Given that EMA
reduces recall bias by collecting behavioural information in the time and place where the
behaviour occurs (Pearson et al., 2017ajdlmdings may imply that setéported measures
collected using surveys may be subject to even greater-teqtmting. Overall, measures of
consumption of tobacco cigarettes ancigarettes in the current study may be subject to various
biases, poterdily resulting in undereported values. However, these limitations are tempered
with the studyds use of biomarkers of expos

to examine product switching behaviour.

Measures used to assessgarette usavere limited in several other ways. For instance, the
current study did not collect data regarding the quantityliofued dual users consumed.

Although the potential value of this measure is not yet well understood (Pearson et al., 2017hb),
such informatbn may have contributed to our understanding of the relationship between

smoking and vaping behaviours among dual users, and may have informed interpretations of
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compensatory behaviour in the prodsutitching experiment. In addition, several measures used
to assess nicotine dependence, nicotine withdrawal, andfietfcy were adapted from the
smoking literature and applied tecegarettes, but have yet to be validated for this purpose.
Therefore these results should be interpreted with caution.

Thest dy 0 s -gpwtchinlgexperimentlso faced several limitations, one of which relates to

its naturalistic design. Unlike other switching studies, the current study did not confine
participants to a | aboratory teteetstudy prggacolas a r e
not absolute. Biomarker data refledthis lack of compliance, particularly in the conditions in

which participants were not permitted to smoke tobacco cigarettes. This is particularly relevant

for the final study condition of;mproduct use, which was expected to be the mosedgahg

for study participantsThe use of nomermitted tobacco cigarettes was monitored throughout the
study, and sensitivity analyses showed that a
biomakers of exposure in the expected directidn. t hough &écheatingd under
validity of the study to some exteiitalso enables the study to refledtat productswitching

behaviour might look like in realorld conditions which was the pmary objective of the

current study

In addition, dietary and environmental sources of exposure to polycyclic aromatic hydrocarbons
and carbon monoxide were not assessed in the study, limiting the extent to which exposure to
these constituents can be idtiited to intake of tobacco smoke; however, assessment of NNAL
exposure provides a source of tobaspecific exposure against which the findings may be
interpreted. The study was also limited in its examination of biomarkers of exposure: although
three bomarkers of exposure to tobacco smoke constituents were examined, there are many
others that could have been assessed. In addition, the study did not assess constituents specific to
e-cigarette aerosol, meaning the results reflect only a limited examiratioumanievel

exposure to tobacco cigarettes ardgarettesFinally, although analyses relating to the
productswitching experiment may have been impacted byrtbdestsamplesize the detection

of significant differences in several outcomes acsbsgy conditions reflects sufficient

statistical power.

Despite these limitations, the current study has several notable strengths. The curréntistudy

first to examinaletailedpatterns and perceptions of use of dual users of tobacco cigaretges and
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cigarettes in the Canadian context. An additional strength of the study is its use of
complementary measures for assessment of behavioural use of botiotoigarettes and e
cigarettes. Such a distinction may aid in understanding the ways in wbighrettes may affect
smoking behaviour, and reflects the tobacco/n
Goniewicz, 2013; Zeller, 2012). Furthermore, the study is strengthened by its use of objective
measures of exposure. All biomarkers assessdinurrent study have been recommended for
use in studies of tobacco use and harm (WHO, 2007), and in contrast to laboratory animal
models and smoking machines, provide valid measures oflbadlexposure that take into
account user characteristics. Adl strength of the study is its enhanced external validity,
reflected in its naturalistic design and inclusion of experienced dual users using their own
products. These features enable the study to capture realistic interactions betigeeette
usersand their devices, meaning the study findings are likely to be more reflective of user

popul ations and products in todayodéds mar ket .

4.3 Future research

Future research may consider several key areas. As noted above, there are few standardized
behavioural assessments for the emerging behavioucigheette use. Although researchers

have begun to consolidate measures (Pearson et al., 2017b), more weadtad to develop

valid and reliable measures that assess this behaviour accurately and in a way that can inform the
development of policy. For instance, it is not yet known what frequency or levaighrette

use is relevant to behavioural and healittomes (Pearson et al., 2017b). In addition, the
diversity of tobacco/nicotine products presents challenges for measuring nicotine dependence.
Although some researchers (e.g., Fagerstrom, 2012) have recommended the development and
use of measures to asseependence to specific produicthereby acknowledging the role

played by psychosocial and physical properties other than nicotine in determining dep&ndence
others have pointed out that dependence to other drugs, such as opioids, is not typically
measired in producskpecific terms, such as for heroin and prescription opioids (e.g., Rass et al.,
2015). Thus, it will be important for researchers to select measures carefully, and share their

learnings to advance the field.

Future research should assesdgder range of biomarkers of exposure among a larger sample of

established dual users to examine potential health effects. Although stgasette product
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characteristics were examined in the current study, the sample size and low variability limited
the extent to which the association of such characteristics with nicotine intake and exposure to
key constituents could be examined. In addition, the-tenm health effects of-eigarette use

need to be evaluated in longitudinal observation studies. Ajtheuidence to date suggests that
the health risks of-eigarettes are comparable to those of nicotine replacement th&nama(
Benowitz & Glantz, 2014; Hajek, Etter, Benowitz, Eissenberg, & McRobbie, ZHahab et

al., 2017)such research would help firmly establish the risk profile-afarettes, and may

potentially inform a harm reduction strategy for nicotine.

The current study did not evaluate the effectivenesscafagettes in supporting smoking
cessation and/or redtion, which remains a central questionunderstanding the potential

public health impact of these produddthough several longitudinal cohort studies and
randomized controlled trials have been conducted to date (McRobbie, Bullen, HaBoaran

& Hajek, 2014; HartmariBoyce et al., 2016), further research involving advanced products is

needed to evaluate the cessation potential of these devices (Lopez & Eissenberg, 2015).

Data regarding dependence and patterns of use among smokers and vap&anadisn

context is scarce. Although the current study sheds some light on dual use behaviour in this
context, research using nationally representative samples would greatly contribute to our
understanding of smoking, vaping, and dual use behaviours. Robgiudinal data assessing
these user populations and their characteristics over time will alsaswdpain whether dual
use sustains smoking or promotes cessafierihe nicotine market continues to eva@vand an
increasing number of Canadians remual use of combustible and roambustible nicotine
product® future research should examithe behaviours and perceptionstobacco/nicotine

productusers to understand the public health implications of the shifting product market.

4.4 Policy implications

Findings from the current study can inform policy pertaining-tagarettes in Canada in several

ways. For instance, the findings suggest thatl use behaviour is similar to that in other
jurisdictions, despite Carkfardhasg products.SConsistentt i ve r
with a body of research evidence (Hamilton et al., 2015; Hammond et al., 2015; Reid et al.,

2017), these findings demonstrate that the current restriction on nicottening ecigarettes

is a restriction in name onlwhich has not prevented individuals from obtaining and using such
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products (Hammond et al., 2015). This underscores the need for a new regulatory framework for
e-cigarettes, supporting recommendations made by Canadian legislators (Standing Committee on
Hedth, 2015; Standing Senate Committee on Social Affairs, Science and Technology, 2017).
Although several provinces have developed policies to address this issue (Province of British
Columbia, 2015; Province of Manitoba, 2015; Province of Newfoundland asrdder, 2016;

Province of New Brunswick, 2015; Province of Nova Scotia, 2014; Province of Ontario, 2015;
Province of Prince Edward Island, 2015; Province of Quebec, 2015), stakeholders anticipate that
forthcoming legislation introduced in the Senate in &aber 2016 may better address and

regulate both nicotireand nornicotinecontaining vaping products (Parliament of Canada,

2016).

The study findings support other research demonstrating that complete smoking cessation is the
best option to reduce healtisks associated with smoking over the long term. Although

exclusive vaping is associated with significant reduction in exposure to tobacco smoke
constituents, dual use is not likely to result in reduced potential health risks, due to the magnitude
of ham associated with even low levels of tobacco cigarette consumption. Therefore, smokers
including those concurrently usingcagaretteg should be encouraged to completely quit

tobacco cigarettes in order to avoid harm. These findings have direct ioplsctr public

health policy and practice. First, public health authorities should acknowledge differences in risk
between smoking and exclusiveigarette use and communicate this clearly to the general

public. Communicating the relative risk of@garettes and tobacco cigarettes should focus on

two salient points: 1)-eigarettes are not harmless, but they are less harmful than smoking
tobacco cigarettes; and 2) usingigarettesvhile smoking may not necessariyduce health

risks andconsumershould stop smokindgo maximizeany health benefiAlthough the

communication of relative risk information is fraught with difficulties, public health authorities
must rise to this challenge for several reasons: because consumers have a right to blg accurate
informed of product risks (Kozlowski & Edwards, 208&zlowski & Sweanor2016); because

the rapid growth of the-eigarette market in recent years meawsggarettes are likely here to

stay (Benowitz & Goniewicz, 2013); and because in the abseneedeheebased
communication from such aut h ospandoiecknsatketimgo n's u mer

media, and anecdotal evidence is likely to incredeéidr & Hatsukami, 2000
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Relative health risk communication regardingigarettes and tobaccagairettes can also inform
clinical practice. Ecigarettes represent a challenge for the medical community, as health care
professionals are increasingly encountering patients with questions about vaping, but have
limited scientific evidence to inform thgdractice (Palazzolo, 2013; OrellaBarrios, Payne,

Mulkey & Nugent, 2015). Currently, health professionals may be limited in the clinical
recommendations they provide regarding the cessation potentiaigdrettes to smokers

(McRobbie, Bullen, HartmanBoyce & Hajek, 2014; HartmanBoyce et al., 2016). However,
findings from the current study, together with evidence regarding thedéomghealth effects of
e-cigarettes (Shahab et al., 2017), may help them have more productive conversations with those
patients who already usecggarettes. Relative risk communication, such as that noted above,
delivered by health professionals, can help ensure that patients are adequately informed of
productso rel ative r i s ks -cigmaatteto quiasynokenqqcour age

Finally, the relative risks of-eigarettes and tobacco cigarettes can inform broad regulatory
measures, such as product availability and access, labelling, marketing, and pricing. Public
health authorities can implement regulations #unatproportional to product risk, thereby
creating market differentials that can help shift smokers away from use of tobacco cigarettes
(Zeller & Hatsukami, 2000 The development of such evideruased policies would better
address the substantial riskt@bacco cigarettes and have greater potential to benefit public
health.
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5 CONCLUSIONS

The findings suggest thdtial use behaviour is similar to that in othersdictions, despite
Canadabd6s restrictive regul at e®ndupludensseeme wor k f or
primarily motivated to use-eigarettes for health reasons, tobacco cigarettes remain an important
component of nicotine use. In addition, tobacco cigarettes appear supermgaoettes in their

ability to deliver nicotine. Althoughlestaining from smoking tobacco cigarettes elicits cravings,

it is also associated with significant improvements in perceived respiratory health. Consistent

with other research, results from the current study demonstrate that abstaining from tobacco
cigaretes is the most important factor in reducing exposure to toxic smoke constituents.

Therefore, dual use is likely to have public health benefit only to the extent that it leads to

complete smoking cessation.
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