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Trends in adolescent smoking prevalence before 
and after the emergence of vaping in Australia: an 
interrupted time series analysis, 1999–2023
Sam J Egger1 , Michael David1, Marianne F Weber2 , Qingwei Luo1 , Anita Dessaix3, Becky Freeman2

Australia has been remarkably successful in reducing 
adolescent smoking rates in recent decades. From 2001 to 
2022–2023, the proportion of 14–17-year-olds who smoked 

regularly decreased by 90% (from 15.4% to 1.6%), while daily 
smoking dropped by 86% (from 10.2% to 1.4%).1 These substantial 
reductions underscore the effectiveness of the country’s tobacco 
control strategies, including being the first country to introduce 
plain packaging,2 substantial increases in tobacco taxes,3 strict 
tobacco advertising bans,4 and smoke-free policies in public 
spaces.5 Notwithstanding these strategies, the Australian 
tobacco control landscape continues to evolve and new potential 
challenges have emerged.2

One such potential challenge is the emergence of consumer 
products containing nicotine beyond traditional tobacco, 
such as e-cigarettes. In stark contrast to smoking, Australian 
adolescents’ use of e-cigarettes (vaping) has rapidly increased 
in recent years; in 2013, lifetime (ever) e-cigarette use was 
estimated at 4.3% among 12–17-year-olds,6 whereas by 2022–
2023 it was 28.4% among 14–17-year-olds7 (slightly different 
age groups were available for comparison). This rapid increase 
is concerning not only because of the independent health risks 
associated with vaping,8 but also because there is consistent 
evidence from individual-level prospective cohort studies to 
suggest that vaping increases the risk of future smoking among 
adolescents.9,10 In a 2021 systematic review, for example, a meta-
analysis of 17 cohort studies showed that people younger than 20 
years who had ever used e-cigarettes were three times as likely 
to subsequently start smoking compared with those who had 
never used e-cigarettes.10 In the Australian context, while the link 
between adolescent vaping and smoking is yet to be investigated 
in a prospective cohort study, our recent retrospective analysis 
showed that the rate of smoking initiation for Australians aged 
12–17 years who had vaped was nearly five times that for those 
who had never vaped.11

Given this consistent evidence from individual-level studies, 
it might be expected that Australia’s progress in reducing 
adolescent smoking would have slowed since the emergence of 
vaping. This hypothesis, to our knowledge, has not previously 
been examined via a population-level trend analysis. To address 
this gap, we analysed publicly available data from the Australian 
Secondary Students’ Alcohol and Drug Survey (ASSAD) from 
1999 to 2023,12-15 using an interrupted time series approach. This 
approach, employed similarly by studies in other countries and 
regions,16-20 allowed us to compare adolescent smoking trends in 
Australia before and after the emergence of vaping to evaluate 
its potential impacts on smoking behaviour.

Methods

Study design and participants

ASSAD was launched in 1984; it involves repeated cross-sectional 
surveys of 12–17-year-old secondary students and was conducted 
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Abstract
Objective: To compare adolescent smoking trends in Australia 
before and after the emergence of e-cigarettes in about 2010, to 
evaluate the potential impacts of adolescent vaping on smoking 
prevalence.
Design: Repeated cross-sectional study.
Setting: Australian secondary schools.
Participants: 172 406 students aged 12–17 years who took part 
in the Australian Secondary Students’ Alcohol and Drug Survey 
between 1999 and 2023.
Main outcome measures: Prevalence of ever, past year, past 
month and past week smoking for 12–17-year-olds, and daily 
smoking for 14–15-year-olds.
Results: From 2014 to 2022–2023, the prevalence of ever vaping 
among students increased 2.3-fold (from 13.2% to 29.9%), while 
past month vaping increased 4.8-fold (from 3.3% to 15.7%). 
From 1999 to 2022–2023, there were substantial declines in the 
prevalence of ever, past year, past month, past week and daily 
smoking among students, with reductions ranging between 74% 
and 89%. However, the rates of decline for these five measures of 
smoking slowed significantly from 2010 onwards, coinciding with 
the emergence of vaping. By 2022–2023, there were, respectively, 
74 (95% confidence interval [CI], 67–80), 54 (95% CI, 48–60), 25 
(95% CI, 21–29) and 16 (95% CI, 12–19) more 12–17-year-olds per 
1000, and 7 (95% CI, 4–9) more 14–15-year-olds per 1000 who 
had engaged in ever, past year, past month, past week and daily 
smoking than projected by smoking trajectories from the pre-
vaping era. These findings were robust to sensitivity analyses, 
including the use of different time series interruption points 
(change-years) and controlling for the affordability of cigarettes.
Conclusion: Australia’s remarkable progress in reducing adolescent 
smoking has slowed since the emergence of vaping, underscoring 
the need for integrated tobacco and vaping control strategies.

The known: Cohort studies have consistently found that 
adolescent vaping increases the likelihood of future smoking. 
However, it is not known whether these individual-level 
associations have translated into changes in population-level 
smoking rates among Australian adolescents.
The new: Australia’s remarkable progress in reducing adolescent 
smoking slowed significantly from 2010 onwards, coinciding with 
the emergence of vaping. By 2022–2023, there were, respectively, 
74, 54, 25 and 16 more 12–17-year-olds per 1000, and 7 more 
14–15-year-olds per 1000, who had engaged in ever, past year, past 
month, past week and daily smoking than projected by smoking 
trajectories from the pre-vaping era.
The implications: Integrated, comprehensive tobacco and vaping 
control strategies are needed to combat smoking and use of other 
nicotine products by young Australians.
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triennially up until 2017.12,13 The schedule was postponed in 
2020 due to the coronavirus disease 2019 (COVID-19) pandemic, 
resulting in the most recent survey being carried out over two 
calendar years, from March 2022 to July 2023 (referred to as 
2022–2023 hereafter). For the current analyses, we used publicly 
available population-level weighted prevalence data from the 
eight ASSAD surveys from 1999 to 2022–2023, and data on the 
affordability of factory-made and roll-your-own cigarettes15 for 
students aged 12–17 years (used in sensitivity analyses to assess 
whether our findings were affected by cigarette affordability). 
Data collection for ASSAD was conducted with the approval of 
Cancer Council Victoria’s Human Research Ethics Committee 
(HREC 1013). Since our study was a secondary analysis of 
publicly available population-level data, it did not require direct 
ethics approval.

Measures

Students were categorised as ever smoked or ever vaped based 
on whether they had ever tried smoking or vaping. Past year, past 
month, past week and daily smoking were defined by reported 
use within those respective time frames; daily smoking referred 
to smoking every day in the past week. Daily smoking data were 
only complete from 1999 to 2022–2023 for 14–15-year-olds for all 
(self-reported) genders combined.14 Therefore, our analysis of 
daily smoking is limited to this category.

Statistical methods

Weighted prevalence refers to smoking and vaping prevalence 
estimates weighted for location (state or territory), sex, age and 
education sector, using post-stratification weights based on 
inverse probability of selection to match the national student 
population.13 Interrupted time series analyses were conducted 
using segmented logistic regression21,22 to assess whether 
the rates of decline in the weighted prevalence of the five 
publicly available smoking outcomes — ever, past year, past 
month, past week and daily smoking — changed since the 
year e-cigarettes started being used at noticeable levels across 
Australia. This year is termed the change-year in the regression 
models, but choosing the most appropriate change-year is 
not straightforward. This is because Australia, like many 
countries, only began surveying adolescents about vaping after 
e-cigarette use had already started to emerge. Specifically, the 
first large national survey to collect data on adolescent vaping 
was the National Drug Strategy Household Survey (NDSHS) in 
2013; it showed that 4.3% of 12–17-year-olds had already tried 
an e-cigarette.6 Given the lack of vaping prevalence estimates 
in Australia before 2013, we selected 2010 as the change-year 
for our primary analysis based on trends in countries such as 
the United States and regions in the United Kingdom, where 
adolescent vaping started to reach noticeable levels around 
2010–201123,24 (although we also varied the change-year, using 
each year from 2008 to 2014, in sensitivity analyses). For each of 
the five smoking prevalence outcomes, the segmented logistic 
regression models were specified as:

logit  (weighted-smoking-prevalenceyear)  =  α + β1background-
trendyear + β2vaping-trendyear

With weighted-smoking-prevalenceyear incorporated in the 
model using nyear/Nyear, where Nyear is the unweighted sample 
size for that year, and nyear was calculated by multiplying the 
weighted prevalence by Nyear; background-trendyear  =  1999, 
2002, 2005, 2008, 2011, 2014, 2017, and 2022.5, corresponding to 
the ASSAD survey years (and with 2022.5 corresponding to 
2022–2023); and vaping-trendyear coded as 0 before 2011, then 2 

for 2011, 5 for 2014, 8 for 2017, and 13.5 for 2022–2023. Because 
there was no survey in 2010, 2011 was coded as 2 to correspond 
to the second year of potential change in the observed trend. 
This coding method effectively sets 2010 as the change-year 
through interpolation, despite the absence of direct data from 
that year. In the models, 1999 was chosen as the model start-year 
since smoking prevalence only began declining consistently 
for all five smoking outcomes from this year onwards, thereby 
providing a more representative pre-vaping baseline than if 
earlier years were included.

Smoothed smoking prevalence estimates (reported as 
percentages) for 1999 to 2022–2023 were calculated using model-
estimated values. The background trend represents estimates 
with the vaping-trend parameter (β2) set to 0, projecting the 
pre-2010 smoking trend forward as if vaping had no influence 
on smoking rates. The observed trend represents estimates 
with all model parameters, reflecting the actual smoking trend 
observed from 2010 onwards, including the effects of vaping. 
Smoothed background and observed smoking prevalence 
estimates (reported as percentages) for 2022–2023 are denoted 
B23 and O23, respectively. Excess numbers of students in 2022–
2023 who experienced each smoking outcome per 1000 students 
due to changes in the observed trend at the change-year were 
calculated as E23 = 10 × (O23-B23) (with the potential for negative 
values to correspond to fewer students experiencing the smoking 
outcome). From the models, eβ2 represents the odds ratio (OR) 
corresponding to the change in smoking trend at the change-
year (denoted ORβ2 hereafter), with values > 1 and < 1 indicating 
a slowing or acceleration in the rate of decline in smoking, 
respectively.

To check for autocorrelation, linear regressions were performed 
with the same covariate specification as used in the logistic 
models, but with weighted prevalence converted to log odds 
as the model outcomes, to facilitate Breusch–Godfrey tests of 
first order autocorrelation in the residuals. Where significant 
autocorrelation was identified, heteroskedasticity- and 
autocorrelation-consistent (HAC) standard errors were used; in 
its absence, model-based standard errors were used. Methods 
for the supplementary and sensitivity analyses are in the 
Supporting Information.

Results

A total of 172 406 secondary school students aged 12–17 years were 
included in the analyses (Box 1), with 82 903 (48%) identifying 
as male and 89 224 (52%) as female. Of the 10 314 students who 
participated in 2022–2023, 279 (3%) were categorised as other or 
not stated for the gender item (which included non-binary).

The weighted prevalence of ever vaping increased slightly 
from 13.2% in 2014 to 13.5% in 2017, before rapidly increasing 
to 29.9% in 2022–2023, a 2.3-fold increase over the 9-year period 
(Box 2). Past month vaping prevalence increased from 3.3% in 
2014 to 4.2% in 2017, and then increased to 15.7% in 2022–2023, 
corresponding to a 4.8-fold increase over the 9-year period.

In 1999, 52.7% of 12–17-year-old students had ever tried smoking, 
37.8% had smoked in the past year, 23.4% in the past month, 
19.2% in the past week, and 7.3% of 14–15-year-old students 
smoked daily (Box  3, weighted prevalence data points). By 
2022–2023, these prevalences had declined considerably to 13.5%, 
8.2%, 3.4%, 2.1% and 0.8%, respectively. These changes represent 
relative declines of 74.4% for ever smoking, 78.3% for past year 
smoking, 85.5% for past month smoking, 89.1% for past week 
smoking and 89.0% for daily smoking.
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The interrupted time series analyses indicated significant 
changes in smoking prevalence trends from the change-year 
(2010) onwards (Box 3 and Supporting Information, table 1). The 
Breusch–Godfrey test result was significant for daily smoking 
only (Supporting Information, table  2), hence HAC standard 
errors were used for models with daily smoking as the outcome. 
For ever smoking (Box  3, panel A), the slope of the smoothed 
observed prevalence trend deviated upwards significantly from 
the projected background trend in 2010 (P < 0.001 for ORβ2 = 1.07 
v 1.00). This deviation indicates a significant change in the linear 
trends of the log-odds of ever smoking (with linearity attributable 
to the logit transformation used in logistic regression). By 2022–
2023, the estimated prevalence of ever smoking was 13.2% (95% 
CI, 12.7–13.6) based on the smoothed observed trend, compared 
with 5.8% (95% CI, 5.6–6.0) for the projected background trend in 
the hypothetical absence of vaping. This amounts to 74 (95% CI, 
67–80) more 12–17-year-olds per 1000 in 2022–2023 who had tried 
smoking than expected if ever smoking rates had continued 
along the pre-vaping era trajectory.

As with ever smoking, the observed trends for the four other 
smoking outcomes — past year smoking (Box 3, panel B), past 
month smoking (Box  3, panel C), past week smoking (Box  3, 
panel D) and daily smoking (Box 3, panel E) — also significantly 
deviated upward from the projected background trends (P < 0.001 
for ORβ2 = 1.06 v 1.00 for all of these outcomes). These slowing 
rates of decline translate to respective excesses of 54 (95% CI, 
48–60), 25 (95% CI, 21–29) and 16 (95% CI, 12–19) 12–17-year-olds 
per 1000, and 7 (95% CI, 4–9) 14–15-year-olds per 1000, smoking 
in the past year, past month, past week and daily in 2022–2023 
than expected if pre-vaping trajectories had continued.

Additional data are shown in the 
Supporting  Information: sensitivity analyses 
varying the change-year (table  1), assuming a 
survey design effect of 6 (table  3), and applying 
HAC standard errors to all smoking outcomes 
(table 4) did not materially alter our main findings. 
Gender-specific estimates for ever and past year 
smoking showing significant interaction effects are 
presented in figure 1 and figure 2. Figure 3 shows 
trends in cigarette affordability. Adjusted models 
accounting for cigarette affordability (figure  4) 
and estimates excluding 2022–23 data to account 
for potential COVID-19-related distortions and/
or recent increases in illicit cigarette availability 
(figure 5) also produced findings consistent with 
the main analysis.

Discussion

From 1999 to 2022–2023, Australia experienced 
substantial declines in the prevalence of ever, past 
year, past month and past week smoking among 
12–17-year-old students, and daily smoking among 
14–15-year-old students, with reductions ranging 
between 74% and 89% across these five smoking 
outcomes. However, while these declines mark 
a significant achievement for tobacco control 
in Australia, the overall picture is not entirely 
positive. Specifically, our analysis also showed that 
the rates of decline in each of these five smoking 
outcomes slowed significantly from around 2010 
onwards, coinciding with the emergence of vaping 
among Australian adolescents. In this context, 
the mixed nature of our findings — with both 

encouraging and discouraging elements — suggests that while 
historic tobacco control measures like taxation, smoke-free 
legislation and plain packaging have yielded remarkable public 
health gains in Australia, the emergence of e-cigarettes may 
have subtly undermined these measures.

Our population-level findings are consistent with the strong 
positive association between adolescent vaping and future 
smoking identified in our previous retrospective cohort study — 
to our knowledge, the only Australian individual-level study to 
assess this issue to date.11 In addition, our findings are consistent 
with similar strong positive associations identified almost 
universally in prospective cohort studies,9,10 a study type often 
regarded as the gold standard in observational research.25,26 
Despite the alignment between our population-level findings 
and those from individual-level studies, interrupted time 
series analyses from other countries have not always shown 
similar alignments. For instance, in the 2021 meta-analysis of 
17 cohort studies mentioned earlier,10 all seven studies from 
the United States reported significant positive associations 
between adolescent vaping and future smoking, whereas a 2019 
interrupted time series analysis observed that smoking rates 
among US youth appeared to have accelerated in their decline 
from 2014 (their change-year).17 Discrepancies between study 
types, such as this, have led some to argue that individual-
level cohort studies may not be adequately controlling for 
“common liabilities” associated with vaping and smoking (such 
as individual predispositions to risk-taking behaviour) and that 
this might be confounding the observed relationships between 
adolescent vaping and future smoking.27 This argument has 
persisted even though multiple previous cohort studies adjusted 

1  Students included in the study: 12–17-year-old participants of the 
Australian Secondary Students’ Alcohol and Drug Survey by gender, 
survey year and age

Gender

Characteristic
Male,  

n (row %)
Female,  

n (row %)
Other or not stated,  

n (row %)*
Total,  

n (column %)

Total 82 903 (48%) 89 224 (52%) 279 (< 1%) 172 406

Survey year

1999 12 544 (49%) 12 942 (51%) — 25 486 (15%)

2002 11 646 (50%) 11 771 (50%) — 23 417 (14%)

2005 10 162 (47%) 11 643 (53%) — 21 805 (13%)

2008 11 491 (47%) 12 917 (53%) — 24 408 (14%)

2011 11 741 (47%) 13 113 (53%) — 24 854 (14%)

2014 10 994 (48%) 12 013 (52%) — 23 007 (13%)

2017 8891 (47%) 10 224 (53%) — 19 115 (11%)

2022–2023 5434 (53%) 4601 (45%) 279 (3%) 10 314 (6%)

Age (years)

12 8724 (47%) 9744 (53%) 34 (< 1%) 18 502 (11%)

13 16 149 (49%) 16 721 (51%) 58 (< 1%) 32 928 (19%)

14 16 302 (49%) 16 711 (51%) 48 (< 1%) 33 061 (19%)

15 15 684 (50%) 15 844 (50%) 53 (< 1%) 31 581 (18%)

16 15 319 (46%) 17 627 (53%) 57 (< 1%) 33 003 (19%)

17 10 725 (46%) 12 577 (54%) 29 (< 1%) 23 331 (14%)

*Other or not stated was not available as a response option for gender before 2022–2023. ◆
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for a wide range of confounders, including various common 
liabilities, and were judged to be of high quality9 and/or have 
low risk of bias.10

Another possible explanation for discrepancies between study 
types could be that population-level trend analyses, including 
ours, are inherently limited in their ability to control for 
confounders. As a result, if the strong potential confounders of 
tobacco affordability and other tobacco control measures are not 
controlled for, they could easily overshadow the effects of vaping 
on smoking rates. Confounding due to tobacco affordability 
was a possibility in four of the five interrupted time series 
studies mentioned earlier,16-19 which did not control for tobacco 
affordability, tobacco price or other tobacco control measures. In 
a sensitivity analysis, we adjusted for the affordability of factory-
made cigarettes and the relative affordability difference between 
roll-your-own and factory-made cigarettes for 12–17-year-olds 
(Supporting Information, figure 4). The results were similar to 
those in the main analysis, suggesting that, at least in the context 
of our Australian data, affordability dynamics were not an 
important confounding factor.

With regard to potential confounding from tobacco control 
measures not related to affordability, it is important to recognise 
the cumulative nature of many important measures in Australia 
over the study period. Important measures implemented before 
the 2010 change-year, such as the 2006 adoption of pictorial 
health warnings on cigarette packs28 and the enforcement of 
smoking bans in enclosed public spaces across various states,5 
remained in effect and likely continued to exert their influence 
after 2010. These measures were then augmented by additional 
measures after 2010, such as plain packaging in 20122 and 

extensions of smoke-free areas in public places.5 Significantly, 
none of these important measures were reversed, and although 
government spending on tobacco control interventions such 
as media campaigns has fluctuated,29 the overall trajectory  
of tobacco control in Australia is one of cumulative 
strengthening. Consequently, it is plausible that if it were not for 
the accumulating nature of tobacco control measures over time, 
the slowing in the rates of decline in smoking that we observed 
from 2010 may have been even greater.

One recent study that did attempt to account for affordability, by 
incorporating inflation-adjusted cigarette prices, was our similar 
interrupted time series analysis of smoking prevalence among 
New Zealand adolescents from 1999 to 2023, which also used 2010 
as the change-year.20 Although comparisons between our New 
Zealand and Australian findings are complicated by differences 
in age groups (the New Zealand data pertain exclusively to 
14–15-year-olds, while the Australian data mainly relate to 
12–17-year-olds), such comparisons are somewhat informative 
because smoking and vaping outcomes were defined in similar 
ways, thereby allowing comparisons of ever, regular (past month 
in ASSAD) and daily use. For regular vaping, the prevalence 
among New Zealand 14–15-year-olds in 2023 (16.4%) was similar 
to that observed among Australian 12–17-year-olds in 2022–2023 
(15.7%). Correspondingly, both countries experienced significant 
slowing in the rates of decline in ever and regular smoking 
from 2010 onwards, coinciding with the emergence of vaping. 
While the estimated excess numbers for ever and past month 
smoking were slightly higher in Australia in 2022–2023 (74 and 
25 per 1000, respectively) than in New Zealand in 2023 (60 and 
12 per 1000, respectively), small differences such as these are 

2  Weighted vaping prevalence among Australian secondary school students by survey year and gender*
Male Female All†

E-cigarette use
Unweighted number 

of participants
Weighted 
prevalance

Unweighted number 
of participants

Weighted 
prevalance

Unweighted number 
of participants

Weighted 
prevalance

12–17-year-olds

Ever vaping

2014 10 994 15.9% 12 013 10.5% 23 007 13.2%

2017 8891 17.2% 10 224 9.7% 19 115 13.5%

2022–2023 5434 25.1% 4601 35.4% 10 314 29.9%

Past month vaping

2014 10 994 4.4% 12 013 2.2% 23 007 3.3%

2017 8891 5.5% 10 224 3.0% 19 115 4.2%

2022–2023 5434 12.6% 4601 19.2% 10 314 15.7%

Daily vaping

2022–2023 5434 4.2% 4601 2.1% 10 314 3.0%

14–15-year-olds

Ever vaping

2022–2023 — — 3904 26.1%

Past month vaping

2022–2023 — — 3904 13.1%

Daily vaping

2022–2023 — — 3904 2.8%

*Prevalence data were only available for the years and age groups shown. †Data include students for whom gender was categorised as other or not stated. ◆



 
M

JA
 2025

5

Research

3  Observed and background trends estimated from segmented logistic regression models, and weighted prevalence values, for ever 
smoking (A), past year smoking (B), past month smoking (C) and past week smoking (D) among 12–17-year-olds and daily smoking 
(E) among 14–15-year-olds*

CI  =  confidence interval; ORβ2  = odds ratio corresponding to the change in smoking trend at the change-year; O23  = smoothed observed smoking prevalence estimate for 2022–2023; 
B23  = smoothed background smoking prevalence estimate for 2022–2023; E23  = excess numbers of students in 2022–2023 who experienced the respective smoking outcome per 1000 
students. * The dotted vertical lines indicate the change-year (2010). ◆
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difficult to interpret. They may reflect effect modification due 
to different age ranges, differences in methods, or differences in 
broader contextual factors. What is important, however, is that 
in both settings, the direction and timing of the smoking trend 
changes align with the emergence of e-cigarettes in a way that 
seems unlikely to be merely coincidental.

An exception to the similarities between countries lies in the 
observed trends in daily smoking among 14–15-year-olds. In 
New Zealand, there was no significant change in the rate of 
decline in daily smoking following the emergence of vaping, 
whereas in Australia the decline slowed (albeit by a small 
amount in absolute terms).20 The reasons for this divergence 
are unclear, as little is known about how adolescent vaping 
might affect daily smoking. Unlike less frequent smoking, few 
individual-level studies and no meta-analyses have focused 
on adolescent daily smoking as an outcome, likely due to its 
rarity (eg, only 1.2% of New Zealand’s 2023 sample and 0.8% 
of Australia’s 2022–2023 sample). Although speculative, one 
possible explanation for the difference between countries might 
be that adolescents who vape daily are less likely to progress to 
daily smoking compared with those who vape regularly, but not 
on a daily basis. In this regard, the substantial time, effort and 
financial costs associated with maintaining both daily vaping 
and daily smoking as dual habits may make progression from 
daily vaping to daily smoking unlikely — potentially resulting 
in little or no net effect — compared with progression from non-
daily vaping to daily smoking. The available data provide some 
support for this hypothesis. Regular vaping was more common 
among New Zealand 14–15-year-olds in 2022 (16.4%) than their 
Australian counterparts in 2022–2023 (13.1%), driven by more 
daily vaping among New Zealand adolescents (10.0% versus 
2.8%). On the other hand, removing daily vaping from regular 
vaping (ie, 16.4% minus 10.0% for New Zealand and 13.1% 
minus 2.8% for Australia) reveals a higher proportion of regular 
non-daily vaping among Australian 14–15-year-olds (10.3%) 
compared with their New Zealand peers (6.4%). This raises the 
possibility that, despite more daily vaping among New Zealand 
14–15-year-olds, it may be the higher rate of regular non-daily 
vaping among Australian 14–15-year-olds that has facilitated 
greater progression to daily smoking.

Another notable aspect of our results was the significantly  
greater slowing in the decline of ever smoking and past 
month smoking among females compared with males 
(Supporting  Information, figure  1 and figure  2). If vaping is 
positively associated with future smoking among Australian 
12–17-year-olds, as suggested by findings from our previous 
retrospective cohort study,11 then the observed greater slowing in 
decline of smoking among 12–17-year-old females in the current 
study is consistent with their higher incidence rate ratio (IRR) 
for smoking attributable to vaping observed in the retrospective 
cohort study (IRR = 5.4 for females versus IRR = 4.0 for males). 
However, when comparing changes in smoking trends across 
groups such as males and females, it is important to consider 
not only the strength and direction of the association between 
vaping and smoking, but also the prevalence of vaping in each 
group. In the current study, the available gender-specific vaping 
prevalence data present a mixed picture. In 2022–2023, vaping 
prevalence was considerably higher among females than males 
for both ever vaping (35.4% v 25.1%) and past month vaping 
(19.2% v 12.6%) (Box 2), which — like the gender-specific IRRs 
— is consistent with the observed greater slowing in decline of 
smoking among females. However, in earlier years, females had 
lower vaping prevalences compared with males: in 2014, ever 
vaping was 10.5% among females versus 15.9% among males, 

and past month vaping was 2.2% versus 4.4%. Similarly, in 2017, 
prevalences of ever vaping and past month vaping were 9.7% and 
3.0% for females, respectively, compared with 17.2% and 5.5% for 
males. When averaged across all three periods, however, vaping 
prevalences were broadly similar for males and females (for ever 
vaping, 19.4% for males and 18.5% for females; for past month 
vaping, 7.5% for males and 8.1% for females). Thus, overall, the 
similar average vaping prevalences between genders combined 
with the higher IRR for females is broadly consistent with the 
observed greater slowing in decline of smoking for females. 
Nevertheless, caution is warranted when interpreting these 
gender-specific results. While comparisons across groups can 
offer insights, they are inherently limited when such groups are 
defined by factors likely to be associated with vaping and/or 
smoking, such as gender or age. In this regard, it is important 
to acknowledge that our study design was not a quasi-natural 
experiment enabling the use of a difference-in-differences 
approach,22,30 which can reliably compare changes in trends 
across comparator groups when key assumptions about such 
groups are fulfilled.

In addition to the limitations discussed above, our analysis 
has other limitations. Although our model estimates generally 
align well with the data — with weighted prevalence estimates 
following the smoothed observed trends closely — there 
are two notable exceptions. For past month and past week 
smoking, the 2022–2023 weighted prevalence estimates sit well 
below the observed smoothed estimates (Box  3, panels C and 
D). However, while these discrepancies suggest a degree of 
unexplained variation in the models, it is noteworthy that when 
we adjusted for the affordability of factory-made cigarettes and 
the relative affordability difference between roll-your-own and 
factory-made cigarettes for 12–17-year-olds, the 2022–2023 model 
estimates aligned well with the data (Supporting Information, 
figure  4). This suggests that the larger-than-expected declines 
in past week and past month smoking in 2022–2023 appear to be 
largely explained by affordability dynamics, noting that 2022–
2023 had the lowest affordability for both factory-made and roll-
your-own cigarettes, and also the smallest relative affordability 
difference between products (meaning there was less incentive 
to engage in product substitution). Another potential limitation 
of our analysis is that it relied on a dataset with only eight time 
points. While it has been suggested that a low number of time 
points in an interrupted time series analysis limits statistical 
power, results from a recent study indicate that this limitation 
can be overcome by large sample sizes.31 In this context, the 
substantial sample sizes before and after the change-year, 
together with the highly statistically significant effect estimates 
that we observed for all five smoking outcomes, suggest that 
our analysis is unlikely to have been underpowered. Lastly, 
although not a limitation, it could be wrongly assumed that the 
slowing declines in smoking prevalence that we observed are 
due to natural slowing as prevalence approaches zero. However, 
logistic regression inherently accounts for this natural slowing 
over time via its asymptotic sigmoid-shaped curve. In other 
words, the slowing that we observed was above and beyond 
what is expected from natural slowing. This feature is one of the 
many reasons why the interrupted time series approach using 
segmented logistic regression is a well established method for 
analysing binary outcomes over time,21,22 and has been employed 
in other interrupted time series studies of smoking trends.18-20

To our knowledge, our study is the first to analyse Australian 
population-level trends to assess whether the rates of decline 
in adolescent smoking rates changed following the emergence  
of vaping in Australia around 2010. We observed significant 
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slowing in the pre-existing rates of decline for five key smoking 
outcomes, coinciding with the emergence of vaping. While 
acknowledging the inherent limitations of population-level 
trend analysis, our findings, when viewed alongside consistent 
findings from individual-level studies, bolster the evidence of 
a link between vaping and future smoking among Australian 
adolescents. This potential link highlights the complexity 
of tobacco control in the current landscape, where nicotine-
containing products like e-cigarettes appear to have dampened 
the progress that might have otherwise been achieved through 
tobacco control strategies. Moreover, this potential link 
underscores the need for fully integrated strategies that address 
both smoking and use of other nicotine products by young 
Australians.
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