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Abstract
Background: \We model the potential impact of relaxing current nicotine vaping product (NVP) restrictions on public health in Australia.

Aims and Methods: A Restricted NVP Scenario was first developed to project current smoking and vaping rates, where a U.S. smoking model
was calibrated to recent Australian trends. To model less restrictive NVP policies, a Permissive NVP Scenario applied rates of switching from
smoking to vaping, initiation into NVP and cigarette use, and cessation from smoking and vaping based on U.S. trends. The model measures
vaping risk relative to the excess mortality rate of smoking. The public health impacts are measured as the difference between smoking- and
vaping-attributable deaths (SVADs) and life years lost (LYLs) in the Restricted and Permissive NVP Scenarios. Sensitivity analysis is conducted
regarding the NVP excess risk and other factors.

Results: Assuming an NVP excess risk of 5% that of smoking, 104.2 thousand SVADs (7.7 % reduction) and 2.05 million LYLs (17.3% reduction)
are averted during 2017-2080 in the Permissive NVP Scenario compared to the Restricted NVP Scenario. Assuming 40% NVP excess risk, 70
thousand SVADs and 1.2 million LYLs are averted. The impact is sensitive to the rate at which smokers switch to NVPs and quit smoking, and
relatively insensitive to the smoking initiation and NVP initiation and cessation rates.

Conclusions: The model suggests the potential for public health gains to be achieved by relaxing NVP access regulations. However, the model
would benefit from better information regarding the impact of NVPs on smoking under a relaxation of current restrictions.

Implications: Australia has implemented a strong array of cigarette-oriented policies, but has restricted access to NVPs. The Smoking and
Vaping Model offers a framework for modeling hypothetical policy scenarios. The Australian model shows the potential for public health gains
by maintaining cigarette-oriented policies while relaxing the current restrictive NVP policy. Modeling results under a permissive NVP policy are
particularly sensitive to the estimated rates of smoking cessation and switching to vaping, which are not well established and will likely depend
on past and future cigarette-oriented policies and the specific NVP policies implemented in Australia.

Introduction at least weekly in 2019.'° In addition, the relative decline in
daily smoking prevalence slowed in recent years!! from 22.9%
during 2007-2013 to 14.1% from 2013 to 2019."2

Australia has generally opposed smoking harm reduction
policies which would encourage switching from cigarettes
to potentially lower-risk alternative products such as oral
tobacco and nicotine vaping; in 1991, Australia prohibited
the sale of smokeless tobacco®® and access to nicotine vaping
products (NVPs) have been strongly restricted since 2012.1%15
Until recently, NVPs were classified by default as “Dangerous

Australia has been a leader in tobacco control.'? Since the
early 1970s, Australia has progressively introduced legisla-
tion to reduce the demand for cigarette smoking, including
higher cigarette taxes, bans on nearly all forms of tobacco
advertising, and prohibiting smoking in indoor workplaces
and most public places.’ In addition, Australia was among the
first country to implement a national mass media campaign,
graphic health warnings (75% of the front and 90% of the
back of cigarette packs), and plain packaging for cigarettes.>* . - ; 4 X
Australia has one of the world’s highest cigarette tax rates, with ,POISOHS 'for nonthe.rap eutic use (maklng theu Supp ly and use
annual inflation-adjusted increases of 12.5% from 2013 to illegal without special agthonzago_n).“ Nlcotl.ne—free vapmg
2020, resulting in prices above AUD 40 per pack (~USD 25).45 products have bf':en sub]egt to similar regulations on public
Collectively, these policies have been associated with signifi- use and m.arketlng as cigarettes.” Ho.wever, desplte these
cant reductions in smoking.* Despite having implemented a strong rest.rlcnqns,.over.ZOO OOOé—\ustrahans Wwere using NVPS
strong array of cigarette demand-reduction policies, 12.8% of (male, with nicotine) in 2019, largely accessing then_l 11161;
Australians (ages >18) still smoked daily and 14.3% smoked gally via under-the-counter sales or personal importation.
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In October 2021, the legal status of NVPs in Australia shifted
from dangerous poisons to prescription-only medicines as the
default classification.”? This change allows Australians to
access NVPs via a pharmacy or personal importation with a
medical prescription, but harsh penalties apply to sellers for
unauthorized sales and consumers who access the products
without a prescription.?! Sales of NVPs remain highly re-
stricted compared to cigarettes, which can be bought without
a prescription at shops across Australia.

NVPs have been found to increase the success of quit
attempts in some clinical trials and observational studies.?? In
countries with less restrictive regulatory policies, NVPs have
become a popular unapproved smoking cessation aid.?*»?** In
addition, population-level smoking among youth and young
adults has declined rapidly where NVP use has increased.?-?"
Studies also indicate that NVPs deliver substantially fewer
toxicants than cigarettes.?®* To the extent that NVPs are
less harmful than cigarettes, their use reduces harm when
used by people who would have instead initiated smoking or
who would have otherwise continued smoking.*” In contrast,
vaping increases harm when used by people who would not
have otherwise started smoking or who would have otherwise
quit smoking by other methods.?°

Many countries are grappling with the task of regulating
their NVP markets, with some completely banning NVPs,
some placing severe restrictions on access, and others placing
fewer limits on access.’' The impact of these divergent reg-
ulatory approaches on population health is unclear. While
simulation modeling has been used to estimate the potential
public health outcomes resulting from NVP use, > limited
attention has been given to the impact of relaxing restrictions
on NVP use. In this paper, we apply the Smoking And Vaping
Model (SAVM)*® to Australia to consider the potential public
health impact of making NVPs more readily available in a
highly restricted market.

Methods

The SAVM simulates the smoking and NVP histories of in-
dividual birth-cohorts, allowing for births, deaths, and
transitions between smoking and NVP use.’*3® The public
health impact of NVP use is estimated by comparing two
simulated scenarios. First, the Restricted NVP Scenario
projects baseline future cigarette use and associated mortality
outcomes in Australia with a continuation of current NVP
trends. Then the Permissive NVP Scenario incorporates the
less restricted N'VP access into cohort trajectories to project
smoking and vaping prevalence if NVP products became as
widely and legally accessible in Australia as they have been
in the United States. Because of limited information on
Australia's smoking and vaping transition rates and the mor-
tality rates by smoking status, the Australia SAVM applies the
U.S. patterns.®®

The Australian SAVM begins in 2017 and tracks all birth
cohorts including those born after 2017. Table 1 lists data
sources and parameter values used in the Australian SAVM.

The Restricted NVP Scenario

The Restricted NVP Scenario of the Australia SAVM first
applies age- and gender-specific Australian data on yearly pop-
ulation for 2017-2080*" and mortality rates and expected life
years for 2006-2018.* Future mortality rates and expected
life years by age and gender for 2019-2080 are extrapolated
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based on their trends from 2007 to 2018. The mortality rate
declines over time at an average annual rate of 1.88% for
males and 1.64% for females at all ages. Expected life-years
increase linearly with an annual male (female) growth rate,
which decreases from 0.21 (0.15) at age 0 to 0.18 (0.13) at
age 30, and 0.02 (0.01) at age 99.

Because Australia is in a similar stage of the tobacco epi-
demic as the United States,* we use U.S. smoking initiation
(scaled) and cessation rates to maintain SAVM’s age-period-
cohort structure, but use Australian data to initialize and
calibrate the model to recent Australian trends in smoking
prevalence. Age- and gender-specific current and former
smoking prevalence were obtained from 2017 to 2018
nationally-representative Australian National Health Survey
(NHS),"? with a final sample size of 21 315 after removing
missing data. Smoking includes cigarette, cigar, and pipe
smoking. We include only daily smoking, to exclude the
less stable category of infrequent (weekly or less) smoking.
Among all people who smoke tobacco, 84% smoke daily at
ages 18-24 increasing to 94% for ages 45 and above.

The Restricted NVP Scenario projects age- and gender- and
year-specific smoking prevalence based on the Australia prev-
alence by smoking status in the initial year and the scaled
U.S. smoking initiation and cessation rates. The U.S. rates
(by single age 0-99, gender, and single year 2017-2100) were
estimated by an age-period-cohort statistical model devel-
oped by the Cancer Intervention and Surveillance Modeling
Network (CISNET).#*-4¢ To reflect future trends in the absence
of N'VPs, these rates are based on data from the U.S. National
Health Interview Surveys (NHIS) through the year 2012, be-
fore NVP use became more widespread in the United States.
We applied CISNET initiation and cessation rates matched to
the years of the Australian model beginning in 2017. Rather
than distinguishing former smoking by years quit, permanent
cessation is measured in terms of having quit for at least two
years to reflect cessation net of relapse.

To initially scale U.S. CISNET initiation and cessation
rates to Australia, we use the ratio of gender- and age-specific
2017 U.S. NHIS* to Australian NHS'? estimates at age 15-24
(87% for males, 71% for females) for initiation and the corre-
sponding ratio at age 25-64 to scale (119% for males, 132%
for females) the cessation. The U.S. mortality rates are distin-
guished by smoking status after age 40*” using measures de-
veloped by the CISNET.*® We apply the ratio of the Australian
and U.S. overall mortality rates to scale U.S. mortality rates
by smoking status.

Past smoking prevalence trends were similar in the United
States and Australia during the pre-vaping period, but we
further calibrated the model to ensure that projected fu-
ture trends in Australia were consistent with past Australian
smoking prevalence trends. We calibrated projected trends
from the model to age and gender-specific smoking prev-
alence rates from the nationally representative Australian
National Drug Strategy Household Survey (NDSHS)' over
the time period 2001-2019. As described in Supplementary
Material 1, SAVM prevalence rates for both genders fell less
rapidly before age 34 and for females aged 45-54 and 55-64
and males aged 45-54, which fell more rapidly than NDSHS
trends. We reduced the prevalence ratio for initiation rates
to 60% for males and 50% for females before the age of 40.
We applied unadjusted U.S. cessation rates for males at all
ages and females before age 45, while female cessation rates
at ages >45 were adjusted downward.
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Table 1. Data and Parameters Required for the Australia Smoking and Vaping Model

Input parameters

Description

Data source or estimate with ranges

Population

Mortality rates

Expected life years

Smoking preva-
lence

NVP relative risk
multiplier

NVP Switching
rate

Smoking initia-
tion multiplier in
thePermissiveNVP
Scenario

NVP initiation
multiplier in the
Permissive NVP
Scenario

Smoking cessa-
tion multiplier in
thePermissiveNVP
Scenario

NVP cessation
multiplier in the
Permissive NVP
Scenario

Population by age, gender, and
year (2017-2080)

Overall mortality rate by age,
gender, and year (2017-2080)

Life expectancy by age, gender,
and year in 2017-2080

Current and former smoking
prevalence by age and gender
for 2017/18

Excess mortality risk of NVP
use measured relative to excess
smoking risks

Rate of switching from smok-
ing cigarettes to exclusive
NVP use

Ratio of smoking initiation
rate in the Permissive NVP
Scenario to smoking initiation
in the Restricted NVP Scenario

Ratio of NVP initiation rate in
the Permissive NVP Scenario
to smoking initiation in the
Restricted NVP Scenario

Ratio of smoking cessation
rate in the Permissive NVP
Scenario to smoking cessation
in the Restricted NVP Scenario

Ratio of NVP cessation rate in
the Permissive NVP Scenario
to smoking cessation in the
Restricted NVP Scenario

Australian population projections UN*!

Human Mortality Database.*> University of California, Berkeley (USA),
and Max Planck Institute for Demographic Research. Exponentially
extrapolated future rates using 2007-2017 trends.

Human Mortality Database.** University of California, Berkeley (USA), and
Max Planck Institute for Demographic Research. Linearly extrapolated the
future rates using 2007-2017 trends.

Australian Bureau of Statistics, National Health Survey 2017-2018"

NVP excess mortality risks are estimated at 5%?*and 40%.

4.0% (2.5%) for ages <24,2.5% (2%) ages 25-34,2.5% (1.6%) ages
35-44,1.3% (1.4%) ages 45-54,1.2% (1.4%) ages 55-64, and 0.6% (1%)
ages 265 , estimated from 2013 to 2017 PATH. Bounds at 50%-150% of
the above rates and a 10% decay rate were considered in sensitivity analysis.

60% (30%-90%) of the Restricted smoking initiation rate,?*”2as applied
to never cigarette and NVP users.

75% (50%-200%) of the Restricted NVP smoking initiation rate,’>%*as ap-
plied to never cigarette and NVP users.

100% (50%-100%) of the Restricted NVP smoking cessation rate as ap-
plied to current NVP users.

100% (50%-100%) of the Restricted NVP smoking cessation rate as ap-
plied to current smokers.

NVP = nicotine vaping product; Restricted NVP Scenario refers to values under the current policy where NVP use is restricted; Permissive NVP Scenario

refers to values in the assumption of less restricted NVP use.

To incorporate current Australian NVP use!” despite
the ban on use without a prescription, the Restricted NVP
Scenario incorporates NVP use obtained from the 2019
NDSHS (see Supplementary Material 2). For ages 14 and
above, the overall NVP at least weekly (daily) use was 0.3 %
(0.2%) among people who never smoked, and 2.7% (2.2%)
and 6.2% (3.2%) among people who previously and cur-
rently smoked (respectively), with rates declining by age.
Dual use is not distinguished from smoking to simplifying
the model, implying comparable risks to exclusive
smoking.** Since SAVM treats daily smoking while using
NVPs as smoking, we incorporate at least weekly exclu-
sive NVP use among people who never and previously daily
smoked: 0.4% and 4% for ages 18-24, 0.2% and 2% for
those ages 25-44 and 0.1% and 1% for those aged 45-64.
NVP use by people aged under 35 who previously smoked
is considered NVP use and never smoking. Our measure of
current NVP use under the restricted case is likely conserv-
ative, since dual use of NVPs and cigarettes encompasses
6.3% of the smoking population compared to overall NVP
use in 1.7% of the total population.!” Absent information
on trends, the 2019 NVP rates are assumed to stay constant
for all years.

The Permissive NVP Scenario

As shown in Figure 1, the Permissive NVP Scenario includes
direct switching from cigarettes to exclusive NVP use, initi-
ation into vaping and smoking, and cessation from vaping
and smoking. The transition rates are primarily based on
U.S. rates through 2018,%® implying a relatively unrestricted
approach to NVPs. We consider transition from Australia
moving from the Restricted Scenario to the Permissive NVP
Scenario in 2022. As above, the transitions are to regular use.

The smoking and vaping initiation rates are both mod-
eled using multipliers relative to the age- and gender-specific
smoking initiation rates in the Restricted NVP Scenario,
thus implying an age and gender pattern for initiation like
those in the Restricted NVP scenario subject to a constant
scaler (multiplier). A smoking initiation multiplier greater
than 100% implies that smoking initiation with NVP availa-
bility is above smoking initiation in the absence of NVPs (i.e.
gateway into smoking) and lesser than 100% implies being
diverted away from smoking initiation. Trends in youth and
young adult smoking in the United States?®?”*!-52 indicate that
smoking has fallen by at least 60% since 2013, when vaping
became more widespread. Therefore, the smoking initiation
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NVPs
(age > 35)
y
Switching (age > 35)
Smoking initiation Current Smoking cessation Former
Never Users > Smokers > Smokers
Switching (age < 35)
y
NVP ti
Exclusive NVP cessation Former
Users NVP Users

Figure 1. Transitions between Smoking and nicotine vaping product (NVP) Use States in the Permissive NVP Scenario.

parameter is set at 60% of the U.S. No-NVP smoking rates
with a range of 30%-90%.

The NVP initiation rate multiplier converts net smoking
initiation patterns into regular NVP use. Based on recent reg-
ular NVP prevalence among U.S. youth and young adults
in 2017-2019,5* the U.S. NVP initiation has been set at
75% of smoking initiation. We keep the same multiplier for
Australia's NVP initiation rates. With overall smoking prev-
alence by age 18 in the Restricted Scenario at about 8%, the
75% multiplier implies vaping rates of about 6%. However,
we also consider a range of 50%-200%, where the upper
value reflects the increases in youth vaping rates in 2017-
2019 in the United States***® and a daily vaping rate of 5.8%
in 2020/2021 in New Zealand.*”

In the Permissive NVP Scenario, individuals may quit
smoking and switch to exclusive NVP use. Applying prospec-
tive data from the U.S. PATH survey over 2013-2017, we es-
timate male (female) switching rates as 4.0% (2.5%) per year
for ages under 24, 2.5% (2%) for ages 25-34, 2.5% (1.6%)
for ages 35-44,1.3% (1.4%) for ages 45-54,1.2% (1.4%) for
ages 55-64, and 0.6% (1%) for ages 65 and above. These
rates are applied each year. Sensitivity analysis is conducted
with a 10% annual relative decline and with rates 50% lower
and 50% higher than baseline estimates.

Smoking cessation multipliers reflect those who smoke
that quit both smoking and NVP use. With NVP availability,
smoking cessation rates of those who do not continue to reg-
ularly vape or who quit smoking without vaping are set at
100% of the Restricted NVP smoking cessation rates with a
range of 50%-150%. The NVP cessation rate measures the
rate at which regular vapers quit vaping, and is set at 100%
of the Restricted NVP smoking cessation rates with a range

of 50%-150%.

Public Health Impacts

The public health impact of Permissive NVP use is evaluated
as the difference in projected smoking- and vaping-
attributable deaths (SVADs) and life-years lost (LYLs) be-
tween the Restricted and Permissive NVP Scenario. Based on
previous approaches,*®* SVADs are calculated by multiplying
the number of people who currently (formerly) smoked and
vaped by their excess mortality rate, measured by the current

(former) smoking and vaping minus never smoking mor-
tality rates. LYLs are calculated by multiplying the number
of SVADs by the remaining life years of someone who
never smoked at the same age. NVP-attributable deaths are
evaluated at 5% of the excess mortality risks of smoking,
based on estimates from a multi-criteria decision analysis®
and an independent review.?® People who quit smoking but
currently vape are accorded the risk of former smoking plus
the NVP risk multiplied by the difference in risk between cur-
rent and former smokers. To reflect uncertainty around this
estimate,®'"% we also consider N'VP relative risks within the
range of 2.5%-50% that of smoking excess risks. We also
conduct sensitivity analysis of other smoking and vaping
multipliers in the Permissive Scenario at fixed NVP relative
risks of 5% and 40%.

Results

Comparison of Restricted NVP Scenario and
Permissive NVP Scenario for All Cohorts

Table 2 presents the results by gender for all cohorts in 2017
and those born after 2017 with NVP risk at 5% of excess
smoking mortality risk. We present outcomes for the short-
term in 2026 and the long-term (by 2080).

In the Restricted NVP Scenario, adult male smoking preva-
lence is projected to decline from 16.1% in 2017 to 12.9% in
2026 and 7.6% in 2080. Female smoking prevalence declines
from 10.8% in 2017 to 8.7% in 2026 and 4.8% in 2080.
Male and female exclusive NVP use and former smokers
using NVPs remain under 0.3% of the population. From
2017 to 2080, SAVM projects 0.99 (0.36) million male (fe-
male) SVADs with 8.9 (3.0) million male (female) LYLs due
to smoking and vaping.

In the Permissive NVP Scenario, male smoking prevalence
declines to 11.1% by 2026, a relative decline of 13% below
that of the Restricted NVP Scenario, while female rates over
the same period decline to 7.8%, an 11% relative decline.
By 2080, male smoking declines to 2.2%, a 71% relative
decline while female smoking declines to 1.7%, a 64% rela-
tive decline. Exclusive NVP prevalence for males and females
increases to 1.6% and 0.9% in 2026 and to 7.1% and 4.2%
in 2080, with similar percentages of those who were newly
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Table 2. The Australian Smoking and Vaping Model, Restricted NVP Versus Permissive NVP Scenario, 5% NVP Risks, All Cohorts With New Births, Ages

18-99, 2017-2080

Scenario Year 2017 2021 2026 2040 2060 2080 Cumulative”
Male
Restricted NVP Scenario Smokers (%) 16.1 14.5% 12.9% 9.9% 8.1% 7.6% —
NVP users (%) 0.25% 0.20% 0.16% 0.14% 0.14% 0.15% —
FS-NVP users (%) 0.33% 0.33% 0.33% 0.25% 0.17% 0.11% —
SVADs 17197 16 970 17 508 18 185 14 254 8922 986 793
LYLs 179 806 181739 181 506 162 751 117 637 72276 8 882 810
Permissive NVP Scenario”™™" Smokers (%) 16.1% 14.5% 11.1% 5.3% 2.6% 2.2% —
NVP users (%) 0.2% 0.2% 1.6% 4.5% 6.5% 71% —
FS-NVP users (%) 0.3% 0.3% 0.9% 1.6% 1.2% 0.7% —
SVADs 17197 16 970 17,251 17 207 12 690 6670 913 219
LYLs 179 806 181739 175,831 142 023 84 073 32209 7356 119
Difference”"" Smokers averted(%) — — 13% 46% 68% 71% —
SVADs averted — — 258 978 1564 2252 73 574
LYLs averted — — 5675 20727 33 564 40 066 1526 691
Female®
Restricted NVP Scenario Smokers (%) 10.8% 9.8% 8.7% 6.5% 5.2% 4.8% —
NVP users (%) 0.23% 0.20% 0.16% 0.14% 0.15% 0.15% —
FS-NVP users (%) 0.24% 0.24% 0.25% 0.20% 0.12% 0.07% —
SVADs 5593 5306 5497 6499 5885 3721 362 420
LYLs 58176 59 626 60 960 56 404 39 855 24 999 3016 399
Permissive NVP Scenario Smokers (%) 10.8% 9.8% 7.8% 4.0% 2.1% 1.7% —
NVP users (%) 0.2% 0.2% 0.9% 2.5% 3.8% 4.2% —
FS-NVP users (%) 0.2% 0.2% 0.6% 1.0% 0.7% 0.5% —
SVADs 5593 5306 5344 6027 5237 2949 331 749
LYLs 58176 59 626 58248 48 309 28 594 12 622 2488 185
Difference Smokers averted (%) — — 11% 38% 59% 64% —
SVADs averted — — 153 473 648 772 30671
LYLs averted — — 2712 8096 11262 12 378 528213
Both genders
Difference SVADs averted — — 411 1,451 2212 3023 104 245
LYLs averted — — 8387 28 823 44 826 52 444 2 054 904
SVADs averted (%) — — 1.8% 5.9% 11.0% 23.9% 7.7%
LYLs averted (%) — — 3.5% 13.2% 28.5% 53.9% 17.3%

Abbreviations: NVP = nicotine vaping product, LYL = Life years lost, SVADs = smoking and vaping attributable deaths.
“Cumulative results include the deaths and life-years lost, which are the sum of attributable deaths or life-years lost over the years 2017-2080.
"Restricted NVP Scenario refers to values in the assumption of restricted NVP use.

““Permissive NVP Scenario refers to values relative to less restricted NVP use.

“** Difference between the Restricted NVP Scenario and Permissive NVP Scenario includes the percent averted smokers (measured by the relative reduction
in the smoking prevalence each year) by gender, averted SVADs, and LYLs for males, females, and both genders. The relative differences (%) of averted

SVADs and LYLs are also available for both genders by using formulas:
SVADs averted (%) = SVAD averted/SVAD

Restricted NVP?

initiated and those who switched from current smoking be-
fore age 36. Prevalence of current vaping among people who
quit smoking remains low, for example, from 0.3% in 2017
to 0.7% in 2080 for males, since most people quit smoking
before age 35 and thus are classified as never smoking be-
cause of the reduced mortality risk. From 2017 to 2080, a
total of 0.91 million male and 0.33 million female SVADs and
7.4 male and 2.5 million females LYLs are projected.

The public health impact in terms of averted SADs (LYL)
increases from about 1500 (29 000) in 2040 to 2200 (45 000)
in 2060 to 3000 (52 400) in 2080. From 2021 to 2080, ap-
proximately 104.2 thousand SVADs are averted and 2.1

; LYLs averted (%) = LYL averted/LYL

Restricted NVP*

million life years are gained in the Permissive compared to
the Restricted NVP Scenario, representing relative reductions
of 7.7% in SVADs and 17.3% in LYLs.

Applying the same transition parameters, the results with
the NVP risk set at 40% of excess smoking risks are shown
in Supplementary Material 3. The prevalence of cigarette
and NVP use changes imperceptibly even in the Permissive
NVP Scenario, since the primary effect is through the deaths
of NVP users who like those who smoke die at later ages.
However, relative to the Restricted NVP Scenario with the
same risks, public health gains decline by 5.1% to 69 700
SVADs averted and by 10% to 1.2 million LYL averted.
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Figure 2. ( a) Averted smoking- and vaping-attributable deaths (SVADs) and life years lost (LYLs) with nicotine vaping product (NVP) relative risks
[2.5%-50.0%] by gender and both genders, ages 18—-99, 2021-2080. (b) Averted LYLs with NVP Relative Risks [2.5%—-50.0%] by gender and both

genders, ages 18-99, 2021-2080.

widespread in the United States and England, smoking prev-
alence has substantially declined, particularly among young
adults,?®27:51:52:6566 while during the same years smoking prev-
alence showed only modest change in Australia.!' In New
Zealand, a decline in adult path-month smoking prevalence
from 11.9% in 2019/2020 to 9.4% in 2020/2021 coincided
with an increase in adult daily vaping prevalence from 3.5%
to 6.2%°%

In our baseline Permissive Scenario, male smoking preva-
lence fell from 16% in 2017 to 11% by 2026 (a 13% drop
relative to the baseline scenario) and to 2.2% (a 71% rel-
ative drop) by 2080. In terms of meeting the Australian
government’s goal of lesser than 5% adult smoking prevalence

by 2030,%” smoking prevalence is projected to reach 5% for
males in 2042 and for females in 2036, indicating that addi-
tional policies will be needed to reach less than 5% by 2030.
In the Restricted NVP Scenario, smoking prevalence is 7.5%
in 2080 for males and the 5% goal is only reached in 2064 for
females. The impact of permissive NVP policies compares fa-
vorably to the impact of other tobacco control policies. For ex-
ample, based on recent elasticity estimates,**** a tax increase
equal to about 65% of the current cigarette price (including
previous taxes) would be needed to obtain a short-run reduc-
tion in smoking prevalence of 12%, which would increase to
24% over the long-run. Nevertheless, with Australian prices
as high as AUD 48.70 per pack of 25 cigarettes in 2020,* the
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effects of such an increase are highly uncertain and the polit-
ical acceptability of such an increase is questionable.

The analyses are based on transitions observed in the
United States, and thus the Australian Permissive Scenario
estimates assume these same patterns would develop in
Australia if NVP policies were relaxed to achieve a similar
level of consumer access to nicotine-containing e-cigarettes as
in the United States. However, our Permissive NVP Scenario
switching and cessation parameters using U.S. data from 2013
to 2017, before nicotine-salt pod devices became popular.’ In
addition, future technological improvements may increase the
substitutability of NVPs for cigarettes over time,”®”! leading
to a faster transition to vaping products than suggested by
our model.

Our analyses also depend on smoking and vaping initiation
parameters. Although some studies find that NVPs may be a
gateway to trying smoking,’>”> a systematic review suggested
that these results may be large because of confounding’ and
population-level studies indicate that increased NVP use is
associated with substantially less smoking, especially daily
smoking, among youth and young adults than suggested by
our model.?6?7537577 U.S. youth NVP rates increased sub-
stantially in 2019°%% with the popularity of Juul, but then
fell substantially in 2020.55 The New Zealand youth (15-17
years) daily smoking prevalence also fell substantially be-
tween 2019/2020 (3.1%) and 2020/2021 (1.1%).”” At the
same time, youth daily vaping prevalence rose from 2.3%
to 5.8%,% consistent with our 200% NVP multiplier. Unlike
the smoking cessation and switching rate and the NVP risk
parameters, public health outcomes in the Permissive NVP
Scenario were relatively insensitive to the impact of NVPs on
smoking and NVP initiation rates, except at the upper end of
NVP excess mortality risks.

In modeling the impact of a more permissive policy, we did
not consider differences in past NVP-oriented and cigarette-
oriented policies in Australia compared to the United States.
The negative government and health organization messaging
and history of restrictive NVP policies'’® may reduce the im-
pact of more permissive NVP policies, for example, because of
perceptions of disproportionately large NVP health risks rel-
ative to cigarettes. However, the current stringent Australian
cigarette-oriented policies may instead heighten the impact
of more relaxed NVP policies. For example, with cigarette
prices at exceptionally high levels and other strong cigarette-
oriented policies in Australia, consumers may be especially
motivated to switch to NVPs in the absence of comparable
NVP excise taxes. Indeed, demand studies”*? indicate that
NVPs are a substitute for cigarettes, and cessation studies?>*
indicate that NVPs are often used successfully for quitting by
those who have had limited success with traditional cessa-
tion treatments. Thus, consumers may be especially likely to
switch to NVPs and use NVPs to quit smoking because of the
currently strong cigarette-oriented policies in Australia.

The availability of an acceptable substitute for cigarettes
may also increase the public acceptability of even stronger
cigarette-oriented policies. For example, combining access
to non-combusted nicotine products with the policy of re-
ducing the nicotine content of cigarettes to nonaddictive
levels has been previously proposed®-3¢ and will be adopted
in New Zealand.?” Implementing a very low nicotine product
standard while allowing consumers to switch to NVPs may
assist countries to more quickly reach a very low smoking
prevalence, although it could also maintain nicotine addiction
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through vaping. It is notable that while an Australian study®®
found that a majority of participants who smoke indicated
they were interested in switching to a reduced-risk nicotine
substitute, most also expressed negative sentiments towards
maintaining nicotine addiction. A higher prevalence of NVP
use, particularly among youth and young adults may also be
publicly and politically unacceptable.

Our results also depend on other model assumptions and
parameters. The NVP model does not distinguish dual use
from exclusive smoking. Dual use is assumed to have the
same cessation and switching patterns as exclusive smoking
in the Permissive NVP Scenario and to have the same health
risks.**% While some studies indicate stable levels of dual
use,??° other studies indicate dual use is an unstable use
state with high rates of transition to exclusive NVP use or
cigarette smoking.”'=>* To the extent that dual use transitions
into exclusive NVP use, smoking will be further reduced in
the Permissive NVP Scenario. In addition, our study focused
on daily smoking, due to the relatively high percentage of
smoking that is done on a daily basis. However, with relaxed
restrictions on NVPs, daily smoking may reduce to non-daily
smoking with vaping instead of quitting. However, non-daily
smoking is associated with higher quit rates’®” and lower
health risks than daily smoking.”®

The results also depend on how the Restricted and
Permissive NVP Scenarios were constructed. The Restricted
NVP Scenario applies initiation and cessation rate parameters
based on the well-validated U.S. age-period-cohort smoking
analysis.***¢ In applying the U.S. parameters, however, we
scaled initiation using the ratio of U.S. to Australian smoking
prevalence at the relevant ages to the U.S. age-period-cohort
parameters. A similar age-period-cohort analysis could
be applied to Australia in future analyses to bolster the
results presented here. However, given the similarity in his-
torical smoking prevalence trends in the United States and
Australia, we expect that applying an age-period-cohort anal-
ysis of Australian data rather than scaled prevalence data
would not substantively affect the results. We also calibrated
to Australian trends, dampening the recent reductions in
Australian age 18-24 rates and the flattening of older female
smoking rates at older ages (see Supplementary Material 1).
These modifications reduced the recent decline in Australian
young adult smoking rates. If, however, recent trends con-
tinue, then the impact of a relaxed NVP restriction would be
less than our predictions.

Our analysis did not consider the impact of the most re-
cent changes in laws regarding NVP use in Australia, in which
the legal status of NVPs in Australia shifted as the default
classification of the products from dangerous poisons to
prescription-only medicines.!”?* Making NVPs prescription
only may provide consumers greater confidence in using them
as a smoking cessation aid, but the need to get a prescrip-
tion may be viewed as a greater impediment than just buying
an illegal substance and may be unattractive to those who
reject a medical model of smoking cessation.”” The impact
of this policy is not yet known, but merits consideration in
evaluating the impact of more relaxed restrictions on NVPs.

In conclusion, results from the Australia SAVM suggest
greater access to NVPs can create the potential for major
reductions in smoking, and the replacement of smoking with
vaping. Nevertheless, the results are subject to the assumptions
of the model and uncertainty about the impact of countries
switching from a more to a less restrictive NVP regime and
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how the impacts depend on cigarette-oriented policies already
in place. The model would benefit from better information
regarding the impact of NVPs on smoking under a relaxation
of current restrictions.

Supplementary Material

A Contributorship Form detailing each author’s specific in-
volvement with this content, as well as any supplementary
data, are available online at https://academic.oup.com/ntr.
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