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Summary
Background New Zealand experienced a prolonged period of minimal regulation on e-cigarettes until the passing of
the 2020 Smokefree Environments and Regulated Products (Vaping) Amendment Act.

Methods Interrupted time series analyses of the Action for Smokefree 2025 (ASH) Year 10 Snapshot Survey data from
1999 to 2023 to compare changes in smoking trends among 14–15-year-old students (n = 690,470) before and after
the advent of vaping in New Zealand (around 2010).

Findings The prevalence of daily-vaping increased from 1.1% in 2015 (the first year the question was asked) to 1.8% in
2018 before rising to 10.0% in 2023, a nine-fold increase over eight years. From 1999 to 2023, considerable declines in
ever-, regular-, and daily-smoking prevalence were observed. However, the rates of decline in ever- and regular-
smoking slowed significantly from 2010 onwards (p < 0.001 for both), coinciding with the advent and rapid
growth of vaping among New Zealand adolescents. In contrast, the rate of decline in daily-smoking did not
significantly change from 2010 onwards (p = 0.066). These findings were robust to sensitivity analyses, including the
use of different time series interruption points (change-years) and controlling for inflation-adjusted cigarette prices.

Interpretation Our findings starkly contrast with those from a previous analysis of ASH data, which suggested that
e-cigarettes appear to be displacing smoking among New Zealand youth. Instead, our findings suggest that among
14–15-year-olds, the rapid rise of vaping may have slowed the rates of decline in ever- and regular-smoking, while
having little or no impact on the rate of decline in daily smoking. Our findings underscore the importance of
effective policy approaches to curb both adolescent vaping and smoking.
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Introduction
New Zealand (Aotearoa) serves as a potentially useful
case study for examining the impacts of an extended
period of a lightly regulated e-cigarette market on
patterns of adolescent e-cigarette usage (vaping) and
tobacco smoking. Emerging around 2010, New Zealand’s
e-cigarette market initially functioned in a legal grey area
*Corresponding author. The Daffodil Centre, 153 Dowling Street, Woolloom
E-mail address: samuel.egger@sydney.edu.au (S. Egger).
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due to the absence of specific regulations tailored for the
sales or usage of e-cigarettes. It was generally assumed
that nicotine-containing e-cigarettes were covered under
existing tobacco and medicine laws, prohibiting their sale
unless approved for therapeutic purposes by Medsafe,
the country’s medicines regulator (with an exception for
the importation of up to three months’ supply of nicotine
ooloo, New South Wales, 2011, Australia.
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Research in context

Evidence before this study
We searched PubMed up to August 2024 using the following
search terms (“e-cigarettes” OR “vaping”) AND (“smoking” OR
“tobacco use”) AND (“adolescents” OR “youth”) AND (“cross-
sectional” OR “population-level” OR “population-based” OR
“ecological” OR “longitudinal” OR “cohort”) AND “New
Zealand”. Two studies were identified, of which only one was
a cross-sectional, population-level, longitudinal or cohort
study attempting to assess the potential association between
vaping and smoking among New Zealand adolescents. The
study concluded that the overall decline in smoking between
2014 and 2019 among New Zealand 14–15-year-olds suggests
that e-cigarettes might be displacing smoking.

Added value of this study
Our study used the same data source as the previous
New Zealand study mentioned above but expanded the
analysis period to include 1999–2023. In stark contrast to the
conclusion of the previous study, we found that among
14–15-year-olds, the emergence and rapid rise of vaping in
New Zealand may have slowed the rates of decline in ever-
and regular-smoking, while having little or no impact on the
rate of decline in daily smoking.

Implications of all the available evidence
Our findings underscore the importance of effective policy
approaches to curb both vaping and smoking among
New Zealand adolescents.
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e-liquids for personal use).1,2 Despite the nicotine-content
restrictions, there was evidence that nicotine-containing
e-cigarettes were still being obtained and used.3 More-
over, non-nicotine-containing e-cigarettes were not
assumed to be covered under existing laws, leaving their
sale relatively unrestricted. By 2017, nearly 1 in 3 year
10 students aged 14–15 had tried vaping, and 6.5% were
vaping regularly (daily, weekly, or monthly).4

In March 2018, the regulatory landscape shifted
toward even less regulation following a district court’s
ruling in favour of Philip Morris.5 The court decided
that existing tobacco legislation did not cover aerosol
products like e-cigarettes, leading to a two-and-a-half-
year period of open sales and marketing of e-cigarettes,
including those containing nicotine, with minimal
restrictions.6,7 Following the court ruling, the proportion
of adolescent e-cigarette users using nicotine-containing
e-cigarettes increased; in 2018, only 23% of 14–15-year-
old current e-cigarette users reported vaping nicotine in
their last vape,8 whereas in 2019, 90% of 13–18-year-olds
who vaped weekly reported using nicotine-containing
e-cigarettes.9 General e-cigarette usage among 14–15-year-
olds also rose sharply, with the proportion who used them
regularly increasing from 7.4% in 2018 to 12.0% in 2019.4

It was not until late 2020, when the New Zealand parlia-
ment enacted the Smokefree Environments and Regulated
Products (Vaping) Amendment Act, that the existing
tobacco legislation was extended to include vaping and
e-cigarettes.10 The 2020 Amendment Act intended to limit
advertising and enforce stricter controls on the sale and
supply of nicotine-infused products, and aimed to curb the
widespread use of e-cigarettes, especially among young
people.11 Notwithstanding the 2020 Amendment Act, New
Zealand’s extended period of light regulation and lenient
enforcement for more than a decade provides researchers
with a valuable context for evaluating the potential public
health consequences—both positive and negative—of
allowing an e-cigarette market to proliferate with relatively
few constraints.
One such area of research where New Zealand’s light
e-cigarette regulations could provide useful insights is
examining the potential impact of vaping on adolescent
smoking rates. Individual-level prospective cohort
studies conducted in other countries have consistently
found strong positive associations between the initiation
of vaping and subsequent smoking among adoles-
cents12,13 (although some authors have questioned the
causal interpretation of these associations).14,15 However,
no such individual-level studies have been conducted in
any New Zealand cohort. With regard to repeated cross-
sectional data analysis, only one study has attempted to
link population-level vaping and smoking trends among
New Zealand adolescents.16 In that study, however, the
analysis of smoking prevalence data was restricted to the
years 2014–2019, many years after vaping had estab-
lished a notable presence in New Zealand. Importantly,
the analysis did not assess whether smoking trends
changed before and after shifts in vaping prevalence, an
essential requirement for evaluating the population-level
impacts of vaping on smoking.

To address this key limitation, our study uses the
same data source as the previous New Zealand study but
expands the analysis period to include 1999–2023. With
this extended data spanning before and after the emer-
gence of vaping in New Zealand in about 2010, we
employed an interrupted time series approach similar to
analysis conducted in the United States (US) and United
Kingdom (UK).17–20 This approach allowed us to
compare adolescent smoking trends in New Zealand
before and after vaping’s proliferation to evaluate its
potential impacts on these trends.
Methods
Study design and participants
The Action for Smokefree 2025 (ASH, formerly Action
on Smoking and Health) Year 10 Snapshot Survey of
year 10 students in New Zealand is a repeated cross-
www.thelancet.com Vol 56 March, 2025
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sectional survey that began in 1992 and has been
running annually since 1999, except for 2020 due to
COVID-19 interruptions. The survey is one of the
largest ongoing youth smoking surveys in the world,
with between 20,000 and 33,000 participants per year
(about 35–50% of the national year 10 population). In
2014, a question was added asking students if they had
ever tried an e-cigarette and questions about frequency
of e-cigarette use were added to the 2015 survey. All
schools with year 10 students are invited to participate
each year, other than distance education schools. The
survey is a self-administered, pen-and-paper question-
naire completed by students in classroom settings under
teacher supervision. Completed questionnaires are
securely collected and returned to ASH via courier for
processing. Further details on the ASH survey meth-
odology are described elsewhere.21 For the current ana-
lyses, we used publicly available population-level data
from the ASH Snapshot surveys from 1999 to 2023 for
year 10 students aged 14–15 years4 and Consumer Price
Index (CPI) data for ‘all groups combined’ —i.e. all
goods and services in the CPI—and for ‘cigarettes and
tobacco’ from 1999 to 2023.22 Prevalence estimates for
smoking and vaping reported by ASH necessarily
exclude missing data, which external reporting suggests
is very low at less than 2%.16 Data collection for the ASH
study was conducted with the approval of the Multi-
region Ethics Committee (MEC/07/10/141). Our anal-
ysis used publicly available population-level data from
the ASH study, requiring no direct ethics approval.

Measures
Students were categorised as having ‘ever-smoked’ if
they responded ‘yes’ to the question, ‘Have you ever
smoked a cigarette, even just a few puffs?’ Similarly,
those who answered ‘yes’ to ‘Have you ever tried elec-
tronic cigarettes (even just a single puff or vape)?’ were
classified as having ‘ever-vaped’. Students reporting
smoking and/or vaping ‘At least once a day’ were
categorised as ‘daily-smoking’ and/or ‘daily-vaping’,
respectively. ‘Regular-smoking’ and ‘regular-vaping’
were defined as engaging in smoking and vaping at least
daily, weekly, or monthly.

Statistical methods
‘Crude prevalence’ estimates for smoking and vaping
correspond to simple unadjusted percentages.
Segmented logistic regression (interrupted time-series)
analysis was used to assess whether the rates of
decline in the prevalence of three smoking outcomes—
ever-smoking, regular-smoking, and daily-smoking—
have changed since the year e-cigarettes started being
used at non-trivial levels across New Zealand. This year
is termed the ‘change-year’ in the regression models.
However, choosing the most appropriate change-year is
not straightforward because, like many countries,
New Zealand did not begin surveying adolescents about
www.thelancet.com Vol 56 March, 2025
their vaping behaviours until after vaping had
become widespread. Specifically, the Youth Insights
Survey (YIS) was the first in New Zealand to ask about
e-cigarette use and found 7% of 14–15-year-olds had
tried an e-cigarette by 2012. Given the absence of vaping
prevalence estimates before 2012, we selected 2010 as
the change-year for New Zealand, drawing on global
trends from countries like the US and regions within
the UK, where e-cigarette use among youth began
reaching noticeable levels around 2010/2011.23,24

Specifically, for each of the smoking prevalence out-
comes (ever-smoking, regular-smoking, and daily-
smoking), the segmented logistic regression models
were specified as:

Logit (crude − smoking − prevalenceyear) =
α+ β1background − trendyear + β2vaping−trendyear

where crude-smoking-prevalenceyear is incorporated
in the model using the full sample size of observed
counts nyear/Nyear (nyear is the number of 14- to 15-year-
olds experiencing the smoking outcome in that year,
and Nyear is the total number of 14- to 15-year-olds
surveyed); background-trendyear = 1,…,25 corresponding
to ASH survey years 1999,…,2023 (excluding 2020 when
there was no survey due to COVID-19); and vaping-
trendyear takes the value 0 before 2010 followed by single
year increases (excluding the COVID-19 year). Hetero-
skedasticity- and autocorrelation-consistent (HAC)
standard errors were used to account for potential
autocorrelation.

In these models, 1999 was chosen as the model
‘start-year’ since the prevalence of regular-smoking
among adolescents in New Zealand began declining
from this year onwards.25 ‘Smoothed’ smoking preva-
lence estimates (%) from 1999 to 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 impacts of
vaping. Smoothed background and observed smoking
prevalence estimates (%) for 2023 are denoted B23 and
O23, respectively. Excess numbers of students in 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 negative values corresponding to fewer experi-
encing the smoking outcome.

Four sets of sensitivity analyses were performed.
First, to avoid potential post-publication disagreements
with our choice of change-year = 2010 and start-
year = 1999, we re-fitted the segmented regression
models with change-year values ranging from 2008 to
3
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Characteristic n % (valid responses)

Total 690,470 100%

Gender

Male 338,467 49.0%

Female 349,952 50.7%

Non-binary 2051 0.3%

Ethnicity

Māori 123,001 19.5%

Pacific 52,740 8.3%

Non-Māori non-Pacific 456,499 72.2%

Not reporteda 58,230 –

Period

1999–2009 328,955 47.6%

2010–2023 361,515 52.4%

aEthnicity breakdowns not reported for 1999 and 2000.

Table 1: Gender and ethnicity distributions of ASH Year 10 Snapshot
Survey participants aged 14–15 years, 1999–2023.
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2018, and with start-year values ranging from 1999 to
2003. This range of change-years reflects the inherent
uncertainty in identifying the year when vaping began
influencing smoking trends. Similarly, the range of
start-year accounts for potential concerns that certain
start-years may not be consistent with the general
downward trend observed in smoking prevalence before
2010. Second, as another method to account for auto-
correlation besides using HAC standard errors, we
included crude-smoking-prevalenceyear-1 as a covariate
in our logistic regression models (although for 2021, we
used crude-smoking-prevalence2019 because the survey
was not conducted in 2020 due to COVID-19). This
method corresponds to autoregressive models, specif-
ically AR1 (one lag), incorporating previous observations
to predict current outcomes.26 It serves as an additional
check on our primary method for handling autocorre-
lation since there is no consensus on the best method
for addressing autocorrelation with binary outcomes.
Third, we calculated the relative price index of cigarettes
and tobacco as the ratio of the CPI for cigarettes and
tobacco to the CPI for all groups combined, covering the
years 1999–2023. We then multiplied this index by the
nominal price of a packet of 25 cigarettes in 2017—the
base year for the CPI data—to derive an inflation-
adjusted cigarette pack price for each year. Subse-
quently, we re-fitted our segmented regression models,
including the log of inflation-adjusted cigarette pack
prices in the regression models (to assess the potential
confounding effects of cigarette price changes on
smoking trends). Fourth, we conducted a sensitivity
analysis excluding data after 2019 to account for the
potential distorting influence of the COVID-19
pandemic on our findings, extrapolating excess
number estimates to 2023 for comparative purposes.

Role of the funding source
No funding was provided for this specific project.
Results
A total of 690,470 New Zealand year 10 students from
1999 to 2023 were included in the analyses (Table 1).
Forty-nine percent were male, 50.7% female, and 0.3%
identifying as non-binary. Regarding ethnicity, roughly
20% reported as Māori, 8% as Pacific, and 72% as
non-Māori/non-Pacific (predominantly European).

The (crude) prevalence of students who had ever-
vaped increased from 20.8% in 2014 to 42.7% in 2021,
and then declined to 37.5% in 2023, a relative increase
of 80% over the nine-year period (Fig. 1). Regular-vaping
(daily, weekly, or monthly) prevalence increased from
3.5% in 2015 to 20.2% in 2021, and then declined to
16.4% in 2023, corresponding to a 4.5-fold increase over
the eight-year period. Daily-vaping increased from 1.1%
in 2015 to 1.8% in 2018, and then saw a substantial
rise to 10.0% by 2023, a nine-fold increase over the
eight-year period. These 2023 prevalences equate to 100
per 1000 year 10 students vaping daily, 164 per 1000
vaping regularly, and 375 per 1000 having tried vaping.

In 1999, 68.4% of year 10 students had tried smok-
ing, 28.6% smoked regularly, and 15.6% smoked daily
(Fig. 2, crude prevalences and Supplementary
Figure S4). By 2023, these prevalences had declined
considerably to 12.2%, 2.8%, and 1.2%, respectively.
These changes represent relative declines of 82.2% for
ever-smoking, 90.2% for regular-smoking, and 92.3%
for daily-smoking over the 25-year period.

The segmented logistic regression analysis indicated
significant changes in smoking prevalence trends
among 14–15-year-olds from the change-year (2010)
onwards (Fig. 2). For ever-smoking (Fig. 2A), the slope
of the ‘smoothed’ observed prevalence trend (solid line)
deviated upwards significantly from the projected
background trend (dashed line) in 2010 (p < 0.001).
This deviation corresponds to a significant change in
the linear trends of the log-odds of ever-smoking (line-
arity in the log–odds scale is due to the logit trans-
formation in logistic regression). By 2023, the estimated
(smoothed) prevalence of ever-smoking was 12.6%
(95% CI [11.3, 13.9]) based on the ‘smoothed’ observed
trend, compared to 6.6% (95% CI [5.5, 7.9]) for the
projected background trend in the hypothetical absence
of vaping. This amounts to an excess of 60 more year 10
students per 1000 in 2023 who had tried smoking than
was expected, if ever-smoking rates had continued along
the pre-vaping era trajectory (shaded cell in
Supplementary Table S1).

For regular-smoking (Fig. 2B), the slope of the
observed trend (solid line) again showed a significant
upward deviation from the projected background trend
(dashed line) in 2010 (p < 0.001). By 2023, the estimated
(smoothed) prevalence of regular-smoking was 3.0%
(95% CI [2.6, 3.5]) based on the ‘smoothed’ observed
www.thelancet.com Vol 56 March, 2025

http://www.thelancet.com


Fig. 1: Crude prevalence of ever-vaping, regular-vaping, and daily-vaping among year 10 students aged 14–15 years in New Zealand,
2014–2023. ˆQuestion added to the ASH surveys from 2014. ˆˆQuestions added to the ASH surveys from 2015.
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trend, compared to 1.8% (95% CI [1.6, 2.1]) for the
projected background prevalence in the hypothetical
absence of vaping. This translated to an excess of
12 more year 10 students per 1000 smoking regularly in
2023 than expected had regular-smoking rates
continued along the pre-vaping era trajectory (shaded
cell in Supplementary Table S2).

For daily-smoking (Fig. 2C), in contrast to the higher
observed prevalence trends seen for ever-smoking and
regular-smoking, the observed trend (solid line) deviated
downwards from the projected background trend
(dashed line) from 2010, although this change was not
statistically significant (p = 0.066). By 2023, the esti-
mated (smoothed) prevalence of daily-smoking was
1.0% (95% CI [0.9, 1.1]) based on the ‘smoothed’
observed trend, compared to a higher 1.2% (95% CI
[1.1, 1.4]) for the projected background prevalence in a
hypothetical scenario without vaping. This amounted to
2 fewer year 10 students per 1000 smoking daily in 2023
than expected had daily-smoking rates followed the pre-
vaping trajectory (shaded cell in Supplementary
Table S3).

In sensitivity analyses, depending on the choice of
change-year or start-year, the excess number of year
10 students who had ever-smoked in 2023 ranged from
47 to 81 per 1000 (Supplementary Table S1). For
regular-smoking, the excess ranged from 9 to 16 per
1000 (Supplementary Table S2). For daily-smoking, the
change ranged from 3 fewer to an excess of 2 per 1000
(Supplementary Table S3). In general, the choice of
change-year and start-year did not substantively alter our
www.thelancet.com Vol 56 March, 2025
overall findings. For the sensitivity analyses using
lagged smoking prevalence as a covariate (AR1 analysis),
the results were similar to the main analysis
(Supplementary Figure S1). However, the changes in
the rates of decline in smoking prevalence from 2010
were marginally less pronounced, with a smaller
reduction in the rate of decline of daily-smoking prev-
alence, and smaller increases in the rates of decline of
ever- and regular-smoking prevalence. In the sensitivity
analysis that adjusted for inflation-adjusted cigarette
pack prices, the 2023 prevalence point estimates closely
aligned with those from the main analysis, indicating
that price was not a confounding factor (Supplementary
Figure S2). In the sensitivity analysis excluding data
after 2019, the extrapolated 2023 prevalence point esti-
mates closely aligned with those from the main analysis,
indicating that the observed change in trends from 2010
were not influenced by pandemic-related disruptions
(Supplementary Figure S3).
Discussion
Vaping among 14–15-year-old year 10 students in
New Zealand has dramatically increased in recent years,
with daily-vaping increasing ninefold and regular-vaping
rising 4.5-fold between 2015 and 2023. Moreover, our
interrupted time series analysis indicates that by 2023,
considerably more students had tried smoking and were
regularly smoking than would have been expected if pre-
vaping era smoking trends had continued beyond 2010.
On the positive side, however, our results suggest that
5
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Fig. 2: Observed and background trends estimated from
segmented logistic regression models, and crude prevalence for
A) Ever-smoking, B) Regular-smoking, C) Daily-smoking.
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the number of students smoking daily was slightly lower
than anticipated based on the pre-vaping era daily-
smoking trend, albeit with some uncertainty (p = 0.066).

Our findings contrast with those of a 2020 study
mentioned in the introduction,16 despite both using
ASH data. In the 2020 study, it was concluded that the
“...overall decline in smoking over the past 6 years in
New Zealand youth suggests that e-cigarettes might be
displacing smoking”. This conclusion was surprising,
however, as it was based solely on the observation of
declining smoking rates from 2014 to 2019, a period
when e-cigarette use had already become notably pre-
sent among New Zealand youth. By not assessing
whether smoking trends changed rather than simply
declined, the study incorrectly attributed the observed
declines between 2014 and 2019 to vaping, without
considering whether these declines reflected a continu-
ation—or even a slowing—of pre-existing declines. In
contrast, our analysis of ASH smoking data over an
extended timeframe—including before the introduction
of vaping in New Zealand around 2010—showed that
the rates of decline for both ever- and regular-smoking
significantly slowed from 2010 onwards. In this
context, our findings not only challenge the displace-
ment theory suggested by the 2020 study, but they in
fact suggest the opposite—that vaping might be
increasing the risk of ever-smoking and regular-
smoking among New Zealand year 10 students. While
we also observed a possible small displacement effect
for daily-smoking, the broader implications must be
considered. Specifically, the small and uncertain esti-
mated decrease in daily-smoking rates by 2023–2 fewer
students per 1000—needs to be weighed against the
estimated increases in regular-smoking (12 per 1000),
ever-smoking (60 per 1000), daily-vaping (100 per 1000),
regular-vaping (164 per 1000), and ever-vaping (375 per
1000).

The difference between our interpretation of the
ASH data and that of the 2020 study is not merely an
artefact of the 2020 study lacking access to data beyond
2019. Indeed, when we excluded data after 2019, we still
observed a similar slowing in the rates of decline for
ever-smoking and regular-smoking (Supplementary
Figure S3). The key issue is that the conclusion of the
2020 study was simply not supported by its results.
Correcting the record of the 2020 study is particularly
important, as it has been repeatedly cited to lobby gov-
ernment committees and influence policy decisions.
Notably, it was the most frequently cited piece of
evidence in submissions to the New Zealand Parlia-
ment’s Health Select Committee—including by British
American Tobacco (BAT)—regarding a 2020 Bill that
preceded the 2020 Amendment Act, which aimed to
regulate the sale and marketing of e-cigarettes.7

Furthermore, in its submission to the Australian
www.thelancet.com Vol 56 March, 2025
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Parliament’s Select Committee on Tobacco Harm
Reduction, BAT again referenced the 2020 study as
important evidence to argue against the tightening of
e-cigarette regulations.27 In its submissions to both
committees, BAT quoted verbatim the unsubstantiated
claim from the 2020 study mentioned above (i.e. “The
overall decline in smoking over the past 6 years in
New Zealand youth suggests that e-cigarettes might be
displacing smoking”).7,27

Although this is the first interrupted time series
analysis comparing adolescent smoking trends before
and after the advent of vaping in New Zealand, similar
analyses in the US and UK have yielded mixed—and
sometimes hotly debated—findings. Using data from
the National Youth Tobacco Surveys (NYTS) spanning
2004 to 2014, a 2017 US study by Dutra and Glantz
examined 6th- to 12th-graders and found that ever- and
current-smoking decreased linearly between 2004 and
2014, with no significant changes in these trends after
2009 (the year deemed as the change-year by the au-
thors).17 In contrast, a 2019 study by Levy et al. analysed
multiple US data sets (including NYTS data) and found
that the decline in smoking rates among US youth
appeared to have accelerated from 2014 (their change-
year).18 The disagreement on the appropriate change-
year was articulated in exchanges between Glantz and
Levy following the publication of the Levy et al. study.28

In these exchanges, Glantz critiqued the 2014 change-
year chosen by Levy and advocated for 2009 based on
early e-cigarette availability in the US, while Levy
countered that vaping was not prevalent enough before
2014 to influence smoking trends. In our study, to avoid
limitations associated with selecting a single change-
year, we conducted sensitivity analyses by re-fitting the
segmented regression models with change-years ranging
from 2008 to 2018 (Supplementary Tables S1–S3).
Regardless of the year chosen, our results were similar
thus mitigating concerns about potential bias intro-
duced by choosing specific change-years.

Another notable interrupted time series analysis was
conducted in 2020 in the UK using repeated cross-
sectional data from 248,324 young people aged 13 and
15 years, collected between 1998 and 2015.19 The study
used 2011 as their change-year and found a significant
slowing in the rate of decline for regular-smoking from
2011, which is broadly consistent with our New Zealand
results. Despite their finding, the authors suggested that
the slowing rate of decline for regular-smoking was
probably not due to vaping, as they also observed slow-
ing rates of decline of cannabis and alcohol use, inter-
preting this as part of a broader trend across substance
use behaviours. However, this interpretation overlooks
the possibility that vaping and tobacco smoking could be
exerting a broader influence on other substance use,
particularly for substances like cannabis, which is
commonly smoked, often mixed with tobacco, and can
also be vaped.29 Supporting this notion, a 2019
www.thelancet.com Vol 56 March, 2025
systematic review and meta-analysis of three longitudi-
nal studies found that the odds of cannabis use were 2.4
times higher for US adolescents who had previously
used e-cigarettes,30 while other longitudinal studies have
found significant positive associations between vaping
and subsequent alcohol use.31,32 Therefore, while the
authors of the UK study attributed the slowing in the rate
of decline in regular smoking to broader societal changes,
it could be that vaping and smoking play complex roles in
the parallel shifts across multiple substances.

More recently, a 2024 UK study conducted an
interrupted time series analysis focusing on adults to
assess changes in smoking trends following rapid rises
in vaping prevalence after June-2021 (due to increases in
disposable e-cigarette availability in the UK).20 Although
the UK study focused on adults, whereas our study re-
lates to adolescents, its findings and interpretation are
relevant to some extent. The study found no significant
changes in the rates of decline in current-smoking after
June-2021 among younger adults aged 18–24 (OR for
change in trend = 0.97; 0.83–1.12) and 24–44
(OR = 0.95; 0.87–1.05), yet a significant slowing in the
rate of decline among adults aged 45 or older
(OR = 1.20; 1.11–1.30). From this, the study authors
inferred that larger increases in vaping prevalence
among the two younger adult age groups may have
helped prevent slowing in the rates of decline in
smoking similar to the slowing observed in the oldest
age group (i.e. implying vaping has a general displace-
ment effect on smoking across all three age groups).
However, this interpretation overlooks the importance
of considering not only the prevalence of vaping when
determining the amount of smoking attributable to—
or preventable by—vaping, but also how strongly vap-
ing is linked to smoking (i.e. the relative risk of
smoking due to vaping). Importantly, the strength of
this link—like the prevalence of vaping—may also vary
across age groups. In this context, one of several
plausible explanations could be that vaping has little or
no relationship with smoking in the younger adult age
groups; hence changes in vaping prevalence—regard-
less of magnitude—have little or no impact on their
smoking rates. Conversely, if vaping is positively
associated with smoking uptake among those aged 45
or older, then even a small increase in vaping preva-
lence could contribute to a slowing in the rate of decline
in smoking. Given these considerations, future studies
informally comparing changes in smoking trends across
comparator groups should ensure that such groups are
approximately balanced on—rather than defined by—key
variables likely to be effect modifiers or potential con-
founders in the relationship between vaping and smok-
ing, such as age. Alternatively, studies might consider
conducting formal difference-in-differences analyses,
which require the fulfillment of several assumptions
regarding the comparator groups33,34 to compare changes
in smoking trends across these groups.
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Although there is limited comparable prevalence
data for 14–15-year-olds across culturally similar coun-
tries to New Zealand (i.e. with consistent category def-
initions and similar survey years), the available
comparisons for recent years provide useful context.
The ASH New Zealand data indicated that in 2023, 38%
of 14–15-year-olds reported ever using e-cigarettes, a
prevalence higher than in Australia (26% in 2022/23),
the US (26% in 2021), and Canada (23% in 2021/22),
but similar to England (39% in 2021).35 Daily-vaping
prevalence among 14–15-year-olds in New Zealand
(10.0% in 2023) was also higher than in Australia (3.0%
in 2022/23), Canada (8.0% in 2021/22), and the US
(3.0% in 2021), but again comparable to England (10.0%
in 2021).35 In terms of smoking, daily-smoking preva-
lence among 14–15-year-olds in New Zealand (1.2% in
2023) was comparable to Canada (1.2% in 2021/22), but
higher than in the USA (0.3% in 2021) and Australia
(0.8% in 2022/23) (with no comparable data available
for England).36 Regular-smoking prevalence among
14–15-year-olds in New Zealand (2.8% in 2023) was
similar to the US (2.8% in 2021) but lower than in
Australia (3.8% in 2022/23) (with no comparable data
available for Canada or England).36 Overall, these com-
parisons appear to suggest that recent vaping preva-
lences among 14–15-year-olds in New Zealand are high
compared to culturally similar countries, whereas
smoking prevalences are broadly similar.

Consistent with our findings for ever-smoking and
regular-smoking, previous meta-analyses of individual-
level cohort studies of adolescents have found strong
positive associations between vaping and ever-smoking,12,13

and between vaping and various composite measures of
more regular smoking (such as past-30-day smoking,
frequent-smoking and daily-smoking combined).13

However, it remains unclear why the rate of decline in
daily-smoking among New Zealand 14–15-year-olds
showed little or no change following the emergence of
vaping in 2010. Unlike ever-smoking and regular-
smoking, there have been no meta-analyses of
individual-level studies that exclusively examined daily-
smoking as an outcome, perhaps due to its rarity
among adolescents (e.g. only 1.2% of the ASH New
Zealand 2023 sample were daily smokers). Despite this
lack of evidence on daily-smoking, the divergence in our
results for ever-smoking, regular-smoking, and daily-
smoking might reflect real differences in how vaping
influences adolescent smoking behaviours, or at least
within the New Zealand context. Although speculative, it
could be that vaping encourages experimentation (ever-
smoking) and somewhat more frequent smoking (regu-
lar-smoking), while still enabling dual use of e-cigarettes
and tobacco. However, the time, effort, and financial
costs required to sustain both vaping and daily-smoking
as a dual activity may make this pattern less feasible,
thereby reducing the likelihood of progression from
vaping to daily-smoking.
Our study has limitations. First, although we
controlled for inflation-adjusted cigarette pack prices in
sensitivity analyses and addressed potential autocorre-
lation using two methods, producing no substantive
changes to our results, other factors related to smoking
may have influenced our findings. In this regard, the
potential for unknown factors to confound the potential
effects of vaping on smoking rates is an inherent limi-
tation of all interrupted time series analyses such as
ours, and those conducted in other countries. On the
other hand, when considering potential confounding by
other important (non-price-related) tobacco control pol-
icies, it is important to recognise the cumulative nature
of such measures in New Zealand during the study
period. Important policies implemented before 2010—
such as smokefree bars and restaurants (2004) and
pictorial health warnings (2008)—likely continued to
exert their effects post-2010. These measures were then
complemented by additional measures introduced later,
including a point-of-sale display ban (2012), plain
packaging with enhanced pictorial health warnings
(2018), and smokefree cars legislation (2020). Impor-
tantly, none of these policies were reversed, suggesting
an overall trajectory of progressive strengthening in to-
bacco control (although we note that important mea-
sures in the Smokefree Environments and Regulated
Products Act (SERPA) were repealed outside of the
study period in 202437). Consequently, it seems plau-
sible that the slowing in the rates of decline in ever- and
regular-smoking that we observed might have been even
more pronounced if not for the accumulation of tobacco
control policies over time. Second, potential changes in
the demographic composition of the samples over time,
such as shifts in socioeconomic status or ethnicity,
could have influenced the observed trends. However,
any such shifts seem unlikely to account for the large
changes in ever- and regular-smoking trends that we
observed. Third, although we can find no evidence or
discussion in ASH methodological reports of significant
changes in survey methodology or indications of dif-
ferential non-response bias that might influence com-
parisons over time, we cannot completely rule out the
potential for such biases. Fourth, we were unable to
stratify our analyses by gender, ethnicity or socioeco-
nomic status, or patterns of dual versus single use of e-
cigarettes and tobacco, because the necessary prevalence
data was not available across the entire time range from
1999 to 2023. We encourage future research to extend
our analysis of the ASH dataset with such stratifications
as the data become available. Fifth, because our study
specifically examines changes in smoking prevalence
among 14–15-year-old adolescents before and after the
emergence of vaping, it remains uncertain whether
similar shifts have occurred in other age groups across
New Zealand. Therefore, we recommend future ana-
lyses investigate potential changes in the smoking
trends of other age groups using different datasets as
www.thelancet.com Vol 56 March, 2025
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these patterns may vary, particularly given vaping’s role
in supporting smoking cessation among some adults.38

Our analysis of ASH Year 10 Snapshot Survey data
over the extended timeframe from 1999 to 2023 offers a
new perspective on vaping and smoking rates among
New Zealand adolescents and the possible interaction
between these behaviours. Contrary to the assertions
of the only other study to examine this issue in
New Zealand adolescents,16 which suggested that the
decline in smoking from 2014 to 2019 might be due to
the displacement of smoking by vaping, our findings
suggest a more problematic scenario. The slowdown in
the decline of ever- and regular-smoking rates from
2010, coinciding with the advent and subsequent rapid
growth of vaping in New Zealand, suggests that among
14–15-year-old adolescents, vaping may be contributing
to, rather than displacing these smoking behaviours.
Moreover, if vaping is displacing daily smoking, it is
barely perceivable in these data. In this context, our
findings underscore the importance of effective policy
approaches to curb both adolescent vaping and smoking.
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