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Highlights

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

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

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

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

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

Vaping, the act of using electronic nicotine 
delivery systems (ENDS), is a common 
smoking cessation strategy. In Canada, 
almost one-third of current and former 
smokers report having vaped as a way to 
try to quit smoking.4 There are, however, 
concerns that vaping could lead to 
increased cigarette smoking initiation in 
youth.5,6 This association, though, has 
been debated, with some studies suggest-
ing a negligible risk of youth vaping-
related smoking initiation at the 
population level.7,8 In Canada, 11% of 
youth aged under 25 years and 32% of 
teens aged 15 to 17 years who ever 
smoked daily used ENDS prior to 

Abstract

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

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

Results: Outcomes are expressed per 1000 individuals and based on expected values 
obtained through a Monte Carlo simulation of 10 000 replications. For males aged 15 to 
19 years, life years, QALYs and smoking-related health care costs were 41 553, 35 871 
and CAD 79 645 964, respectively, when ENDS were available; 41 568, 35 894 and CAD 
79 645 960 when ENDS were unavailable; and 41 570, 35 897 and CAD 79 605 869 when 
ENDS were available through prescription only. For females, life years, QALYs and 
smoking-related health care costs were 43 596, 37 416 and CAD 69 242 856, respectively, 
when ENDS were available; 43 610, 37 438 and CAD 69 085 926 when ENDS were una-
vailable; and 43 611, 37 438 and CAD 69 076 034 when ENDS were available through 
prescription only. Thus, situations in which ENDS are unavailable, or available through 
prescription only are dominant over the status quo.

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

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

billion) related to lost wages from long-
term disability and premature mortality, 
and the largest portion of direct costs 
(CAD 6.5 billion) associated with health 
care costs.2 Given the impact of smoking 
on the Canadian population, the 
Government of Canada has set a target to 
reduce smoking prevalence to below 5% 
by 2035.3 Reaching that target requires a 

Introduction

Despite a considerable decrease in smok-
ing prevalence over the last 50 years,1 
smoking continues to be the most com-
mon cause of preventable disease and 
mortality in Canada.2 The costs of tobacco 
use in 2012 were CAD 16 billion, with the 
majority of indirect costs (CAD 9.5 
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initiating traditional cigarette smoking.5 
Also of concern is the rising prevalence of 
vaping over time. Between 2013 and 2019, 
the proportion of Canadian youth aged 
15  to 19 years who endorsed vaping 
increased from 20% to 36%, while that of 
those aged 20 to 24 years jumped from 
20% to 48%.9,10  

While ENDS can have a positive effect on 
smoking cessation,11,12 their impact on 
youth smoking initiation is concerning. In 
order to determine whether the benefits 
incurred from ENDS through smoking ces-
sation alone are sufficient to offset the 
negative health consequences of increased 
smoking initiation, we conducted a cost-
utility analysis to determine the impact of 
ENDS on life expectancy, quality-adjusted 
life years (QALYs) and smoking-related 
health care costs in Canada under three 
different scenarios: (1) the status quo, i.e. 
current access to ENDS; (2) a complete 
ban of ENDS; and (3) limited access to 
ENDS for smoking cessation only, as pre-
scribed by a medical professional. Sales of 
nicotine-containing vaping products are 
currently permitted to adults aged 18 
years and older in Canada,13 although 
some provinces have a higher minimum 
age.

Methods

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

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

to take into consideration the overall life-
time costs and health effects. 

Data collection

Data from population-based surveys of the 
Canadian population were used where 
possible and supplemented with data 
available through literature review. 
Although the Canadian Community 
Health Survey14 was initially considered 
because it collects information on a large 
number of Canadians (over 100  000 
Canadians 12 years of age and over), spe-
cific data on smoking and vaping status 
were extracted from the Canadian 
Tobacco, Alcohol and Drugs Survey 
(CTADS), 2017.4  While the sample size is 
smaller (approximately 16 000 Canadians 
15 years and over), the CTADS offers more 
vaping- and smoking-specific data, and 
oversamples the 15 to 24 year age group, 
which comprises the population at highest 
risk for smoking initiation.4 We stratified 
data by age groups and gender. 

Model design

We extracted age-specific distributions for 
each of the smoking states (nonsmokers, 
current smokers and former smokers) 
from the 2017 CTADS,4 and simulated how 
the cohort progresses through life, from 15 
to 105 years of age (Figure 1). 

In the scenarios in which ENDS are avail-
able, we examined their impact on smok-
ing initiation between ages 15 and 24, and 
their impact on smoking cessation for 
ages 25 to 105. An age of 25 was chosen 
as a cut-off between youth and adults, 
since Canadian population-based survey 
data4,14 show that the number of non-
smokers initiating smoking or vaping after 
the age of 25 is extremely small. 

In the scenario in which ENDS are avail-
able for smoking cessation through pre-
scription only, we assumed a reduced 
access to ENDS for smokers, since almost 
15% of Canadians over the age of 12 do 
not have access to a primary health care 
provider.15 A cycle length of six months 
was used, since smoking cessation is tra-
ditionally defined as sustained abstinence 
of at least six months’ duration.16 This 
timeframe therefore represents the mini-
mum time period required to go from cur-
rent to former smoker. 

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

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

• Current daily smokers: current daily 
smokers

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

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

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

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

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

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

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

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

Schematics of the models for each sce-
nario are shown in Figure 1.

Data requirements

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

FIGURE 1  
Markov Models illustrating smoking behaviours in three scenarios  

with differing availability of electronic nicotine delivery systems (ENDS)

Model for scenario 1 (status quo)

Model for scenario 2 (ENDS unavailable)

Model for scenario 3 (prescription-based)

= entry point in model = state for youth and adult cohorts

= state for youth cohort only = state for adult cohort only

= death state

Model for scenario 2 (ENDS unavailable)

Never user

Ever ENDS user

Cigarette 
smoker

Former cigarette 
smoker

Dual user

DEAD

Never user

Ever ENDS user

Cigarette 
smoker

Dual user

Former cigarette 
smoker

DEAD

Never user

Ever ENDS user

Cigarette 
smoker

Former cigarette 
smoker

Dual user

DEAD

= excluded from model

initiation, continuation and cessation in 
all three main scenarios. 

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

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

We used a relative risk (RR) for smoking 
initiation in ENDS users versus nonusers 
obtained from the literature17 (RR = 2.18, 
95% CI: 1.65–2.83), as it was more con-
servative than the RR we extracted from 
CTADS-derived data (RR = 7.83 in males 
and 9.09 in females). The large RR differ-
ence was felt to be related to the small 
sample size of the CTADS. The RR 
obtained from the literature was applied 
to both male and female 15-to-24-years 
cohorts to determine transition probabili-
ties relating to daily smoking initiation for 
ENDS users versus nonusers through a 
further calibration process. A slightly 
more conservative adjusted odds ratio 
(AOR) of 1.79 was described in an obser-
vational Canadian study;18  however, the 
RR of 2.18 mentioned above was chosen 
for this study because the RR measure is 
more generalizable to populations other 
than the AOR. Finally, the RR of smoking 
cessation in ENDS users versus nonusers 
(RR = 1.05 in males and 1.08 in females) 
was obtained from CTADS data and 
applied to the 25-years-and-above cohort, 
so as to determine transition probabilities 
for ENDS users versus ENDS nonusers. 
This RR represents the additional smoking 
cessation benefits conferred by ENDS over 
and above those seen with other currently 
available smoking cessation tools. 

Mortality by smoking status 
Annual probabilities of mortality for each 
age-gender cohort were obtained from 
Statistics Canada.19 We then estimated the 
six-month probabilities of dying for each 
age-gender cohort by smoking status, 
through a calibration process combining 
the Statistics Canada mortality data with 
the baseline CTADS smoking status data. 

Abbreviation : ENDS, electronic nicotine delivery system.
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We also estimated the age- and gender-
specific RR of mortality by smoking status 
from the literature20 (sample calculation 
available in calculation of probabilities 
document at https://osf.io/w7ndg/)

Smoking-related diseases 
We obtained the prevalence of age- and 
gender-specific smoking-related illnesses 
(chronic obstructive pulmonary disease21 
[COPD], coronary heart disease22 [CHD], 
stroke22) from Canadian population-based 
data (data available in supplementary 
tables at https://osf.io/w7ndg/). For lung 
cancer,23 only the incidence was available, 
but given the short median survival of 
lung cancer (16.9 months),24 incidence 
was felt to correlate closely with yearly 
prevalence. We chose to include these dis-
eases as they represent approximately 
75% of the smoking-related mortality in 
developed countries.25 The RR of develop-
ing these diseases for each smoking status 
was obtained from the literature.20 Age- 
and gender-specific probabilities of devel-
oping each condition were obtained 
through calibration. 

Vaping-related diseases 
Given the paucity of data about the long-
term health impacts of the prolonged use 
of ENDS, we assumed there were none. 
This is unlikely to be true, as there is 
some emerging evidence that ENDS may 
be associated with the development of 
COPD,26,27 independent of cigarette smok-
ing. However, given the lack of clear evi-
dence, this assumption allows for the 
most conservative approach. 

Costs 
Average six-monthly costs related to the 
treatment of individuals with lung can-
cer,28 COPD,29 CHD30 and stroke31 were 
obtained from the literature. Costs 
obtained from previous years were inflated 
to current-year costs using the Bank of 
Canada Inflation Calculator. All costs are 
presented in 2020 Canadian dollars (data 
available in supplementary tables at  
https://osf.io/w7ndg/).

Utility values 
We obtained age- and gender-specific util-
ity values for never smokers from 
Canadian population data,14 to which we 
applied disutility data related to smoking 
status.32 The disutility data for each of the 
smoking-related illnesses (lung cancer, 
COPD, myocardial infarction, CHD and 
stroke) was obtained from a study based 
in the United Kingdom33 (data available in 

supplementary tables at https://osf.io 
/w7ndg/). We had planned on using 
Canadian- disutility data; however, the 
available Canadian data did not report on 
lung cancer separately from other can-
cers.34 Disutility values for the other 
smoking-related illnesses were compara-
ble between the UK and Canadian 
studies. 

Analysis

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

Probability distributions were used to 
account for uncertainty around the param-
eters of interest. We used beta distribu-
tions for transition probabilities and utility 
values, lognormal distributions for relative 
risks and gamma distributions for disutil-
ity values and uncertain costs (data avail-
able in supplementary tables at https://
osf.io/w7ndg/). The probabilistic analysis 
was performed using a Monte Carlo simu-
lation with 10 000 replications to ensure 
stability of the data. We used a threshold 
value of willingness to pay CAD 50  000 
per QALY for interpretation of the results. 
All outcomes were weighted equally, 
regardless of the characteristics of people 
affected by the intervention. As per the 
CADTH guidelines,35 an annual discount 
rate of 1.5% was applied to all costs and 
utilities. Confidence intervals were not 
produced because they are not considered 
meaningful for economic evaluations, the 
purpose of which is to inform binary deci-
sions. Confidence intervals in this setting 
are not considered best practice.35,36 
Research Ethics Board approval was not 
needed for this study, given its use of pub-
licly available data.

Assumptions

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

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

Sensitivity analyses

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

• a relapse rate increasing by 10% in 
each decade of life;

• a relapse rate decreasing by 10% in 
each decade of life;

• a RR of 1.79 for vaping-related smok-
ing initiation;18 

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

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

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

• a 10% decrease ENDS access (instead 
of 15%) because health care access 
may be easier than anticipated in the 
scenario in which ENDS are only avail-
able through prescription;

• a discount rate of 0%;

• a discount rate of 5%;

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

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

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

Results

Table 1 summarizes the impact of ENDS 
on life expectancy, quality-adjusted life 
years (QALYs) and smoking-related health 
care costs in Canada under our three 

https://osf.io/w7ndg/
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different scenarios: (1) the status quo, 
with current access to ENDS; (2) a com-
plete ban of ENDS; and (3) limited access 
to ENDS for smoking cessation only, as 
prescribed by a medical professional. 
Results are presented per 1000 individu-
als. Incremental cost effectiveness ratios 
(ICERs) were not relevant, as all other 
scenarios are dominant over scenario 1. 

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

Discussion

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

care costs as compared to the other two 
scenarios analyzed. 

The significant health and economic ben-
efits conferred by smoking cessation are 
the rationale for harm reduction strate-
gies. The main purpose of harm reduction 
is to decrease the impact of behaviours 
that are typically associated with negative 
consequences,37 which, in the case of 
smoking, involve inhalation of toxins 
related to the combustion of tobacco. 
Because ENDS do not require tobacco 
combustion,38 they are felt to be safer than 
cigarettes, and can therefore act as harm 
reduction tools by helping smokers transi-
tion to a less harmful habit. 

Smoking cessation is known to result in 
important health and economic gains. For 
instance, the European Study on 
Quantifying Utility of Investment in 
Protection from Tobacco (EQUIPT) 
showed that, for each smoker who does 
not quit within a 12-month period, the 
system incurs an additional lifetime cost 
of USD 6460, and that smoker experiences 
a decreased life expectancy of 0.66 years 
and a reduction in lifetime QALYs of 1.09, 
as compared to a smoker who quits within 
the same period of time.39 

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

leading to the most significant positive 
outcomes.

Our results align with those of some previ-
ous studies. Soneji et al.40 demonstrated 
that, although ENDS are associated with 
increased years of life gained through 
their smoking cessation effect, they dis-
proportionately increase years of life lost 
through increased youth-related smoking 
initiation. A similar conclusion was 
reached by Kalkhoran et al.,41 who, 
through modelling of various scenarios in 
the US and the UK, showed that net harms 
resulted from all situations in which ENDS 
increased smoking initiation.

However, other studies have shown con-
flicting results. Cherng et al42 showed that, 
under multiple scenarios, ENDS seemed 
to affect smoking cessation more than 
smoking initiation. Their study, however, 
only examined smoking prevalence and 
did not take into account other health or 
economic measures. Finally, a study by 
Levy et al.43 projected a 21% reduction in 
smoking-attributable death and a 20% 
decrease in life years lost based on pro-
jected patterns of ENDS use in the US at 
the time of their study. The study pro-
jected a greater than 35% decrease in cig-
arette smoking by age 25 when ENDS 
were available; however, the authors 
assumed that only 5% of never-smoking 
youth ENDS users would go on to become 
daily smokers, which is about half of the 
proportion seen in Canadians under 25 
years old.4

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

TABLE 1 
The impact of ENDS on life years, QALYs and smoking-related health care  
costs per 1000 individuals under different scenarios, discounted at 1.5%

ENDS widely available 
(scenario 1)

ENDS completely 
unavailable (scenario 2)

Difference between 
scenarios 2 and 1

ENDS available through 
prescription for smoking 

cessation (scenario 3)

Difference between 
scenarios 3 and 1

Males

Life years 41 553 41 568 15 41 570 17

QALYs 35 871 35 894 23 35 897 26

Costs CAD 79 645 964 CAD 79 645 960 CAD -3 CAD 79 605 869 CAD -40 095

Females

Life years 43 596 43 610 14 43 611 15

QALYs 37 416 37 438 21 37 438 22

Costs CAD 69 242 856 CAD 69 085 926 CAD -156 930 CAD 69 076 034 CAD -166 821

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

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

Additionally, there are concerns that ban-
ning ENDS could result in the emergence 
of a black market,44 with a potential 
increase in unsafe products. Scenario 3, 
which would allow smokers to access 
ENDS through a physician, demonstrated 
the greatest positive outcomes. This sce-
nario would allow smokers to continue 
benefitting from ENDS while limiting 
youth exposure. Provincial health insur-
ance program coverage could be explored, 
potentially resulting in decreasing finan-
cial barriers. However, this scenario also 
raises significant equity issues. Low-
income Canadians are much more likely 
to have unmet health care needs45 and 
potential difficulties in accessing physi-
cians, yet they are also more likely to 
smoke.46 These factors need to be taken 
into account when considering policy 
options.

Strengths and limitations

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

There are, however, some populations 
that are not represented by the CTADS 
(i.e. residents of the Yukon, Northwest 
Territories and Nunavut, full-time resi-
dents of institutions and people without 
access to a land or cellular phone,47) limit-
ing generalizability of our findings to 
these groups. Also, concerns have been 
raised that CTADS may underestimate 
smoking prevalence due to higher nonre-
sponse rates felt to be related to the inclu-
sion of alcohol- and drug-related issues, 
which tend to be strongly associated with 
cigarette smoking.48 It is therefore plausi-
ble that this would result in an under-esti-
mation of the costs and health care costs 

reported in this analysis. In addition, hav-
ing been created in 2003, ENDS represent 
a fairly new technology, and long-term 
safety data are not yet available, making 
long-term assumptions difficult.38 

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

Conclusion

Studies such as this one examining the 
impact of ENDS on health care costs and 
outcomes provide valuable information. 
Although our results suggest that restrict-
ing access to ENDS, either through a com-
plete ban or through a prescription-based 
system, would be cost effective, factors 
such as equity and feasibility need to be 
considered. Alternative policy tools such 
as increased taxation49 and strict market-
ing regulations have been shown to 
impact ENDS use. Further research should 
focus on determining the ideal policy mix 
that would achieve a balance between 
reducing ENDS-associated smoking initia-
tion and offering support as a smoking 
cessation tool. More data is also needed 
about the long-term impact of ENDS on 
health.
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