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Abstract
Objectives  Adolescent smoking has declined in New 
Zealand and in many other countries since the late 1990s, 
yet the reasons for the decline are not well understood. We 
investigated the extent to which established risk factors for 
adolescent smoking (parental, sibling and peer smoking, 
and exposure to smoking in the home) explained the 
downward trend.
Design  Trend analysis of repeat cross-sectional data from 
an annual nationally representative survey.
Setting  New Zealand.
Participants  Secondary school students aged 14–15 
(n=398 221).
Outcome measure  Regular (at least monthly) smoking.
Methods  For each risk factor (parental smoking, best 
friend smoking, older sibling smoking and past week 
exposure to smoking in the home) we plotted prevalence 
of exposure, 2002–2015. Next, using multivariable logistic 
regression, we modelled the trend in regular smoking 
(expressed as an OR for year) adjusting for age, sex, 
ethnicity and socioeconomic position. The risk factors were 
added to the model—individually and collectively—to test 
whether they attenuated the OR for year.
Results  Exposure to all risk factors except ‘past week 
exposure to smoking in the home’ decreased between 
2002 and 2015. We observed a strong downward trend in 
regular smoking among adolescents (OR=0.88 per year, 
95% CI 0.88 to 0.88, p<0.001). ‘Best friend smoking’ 
was the only risk factor that significantly attenuated the 
trend. However, due to circularity, this factor provides an 
unsatisfactory explanation for population level smoking 
decline.
Conclusions  The established risk factors that we explored 
do not appear to have contributed to the remarkable 
decline in adolescent smoking in New Zealand between 
2003 and 2015. Further research is needed to assess the 
possible contribution of factors outside our model, such 
as changes in the policy context, the social meaning of 
smoking and broader social and economic conditions.

Introduction   
Smoking is a leading cause of preventable 
illness and premature death,1 and a key driver 
of health disparities between ethnic and socio-
economic groups.2 3 Long-term tobacco use 
typically begins with experimental smoking 

in adolescence,4 and, internationally, consid-
erable research and policy attention has 
focused on understanding and preventing 
smoking uptake in this age group.

The dramatic decline in adolescent 
smoking observed since the late 1990s in 
many high-income countries is good news 
from a public health perspective. In New 
Zealand (NZ), for example, regular smoking 
(defined as at least monthly) among adoles-
cents aged 14–15 years declined from a peak 
of 29% in 1999 to 5% in 2015, with decreases 
across all main ethnic groups, and a conver-
gence between boys and girls over the period.5 
Over the same period, the proportion who 
had never smoked (ie, not even a few puffs) 
rose from 32% to 79%.5 However, as in other 
countries,6 ethnic and socioeconomic dispar-
ities remain pronounced. For example, 
among  Māori (indigenous) smoking prev-
alence in this age group was 11% in 2015 
compared with 4% among non-Māori.7

Other countries including the USA, 
England and Australia have also experi-
enced a decline in adolescent smoking from 
the late 1990s, following a sharp rise in the 
early 1990s.8 It is important to understand 
the causes of this decline in order to help 

Strengths and limitations of this study

►► The survey has a large sample size (n=20 443–
31 833 per year), allowing precise population esti-
mates based on individual-level data.

►► Due to data limitations, the study only includes a 
small number of risk factors, however the risk fac-
tors included have consistently been found to be 
among the strongest and most important predictors 
of adolescent smoking.

►► Our study design (using repeat cross sectional data) 
does not enable causal inferences to be drawn; rath-
er our study draws on existing knowledge about the 
predictors of adolescent smoking initiation.
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ensure it is sustained, and to enable replication in other 
countries. Yet little research has focused on explaining 
this phenomenon. Public health interventions such as 
increases in tobacco tax or smoke-free environment legis-
lation may have played a role,9–11 but they do not fully 
explain the observed trends, since declines in adolescent 
smoking have occurred almost simultaneously in coun-
tries with widely differing regulatory contexts. This, and 
the fact that other adolescent risk behaviours (eg, alcohol 
use, teen pregnancy) have also declined over a similar 
time period,8 suggests that  broader social or cultural 
changes rather than specific tobacco control policies may 
have contributed to this international trend.

Such shifts could be generated by new technologies, for 
example. When the use of cell phones rose and smoking 
fell among adolescents in the late 1990s, a causal asso-
ciation was hypothesised.12 More recently, attention has 
turned to other new technologies—smartphones and 
social media—and their potential role in driving genera-
tional change in attitudes and behaviour.13 There is face 
validity to the idea that these new technologies may have 
changed the way young people socialise or project their 
identity, displacing the role of smoking or providing less 
opportunity for it. However, this hypothesis is challenged 
by a consistent body of evidence showing a positive asso-
ciation between smoking and cell phone/internet/social 
media use at the individual level.14–23

Other major changes since the mid-90s that could 
potentially impact on youth behaviour include changes 
in parenting24–26; changes in the school environment 
and ethos27–29 and broad economic and labour market 
conditions resulting in young people leaving school and 
achieving independence later than previous cohorts.30 31 
But before exploring these macro-level explanations for 
smoking decline, an initial step is to determine the extent 
to which the observed trends can be explained by 
changing exposure to established individual-level predic-
tors of smoking initiation.

Proximal risk factors for adolescent smoking have 
been studied extensively. Parental, sibling and peer 
smoking have consistently been identified as key risk 
factors,4 32 with the Surgeon General’s 2012 evidence 
review concluding that the evidence is suggestive of a 
causal role for peer influences, and a potential causal role 
for parental smoking.4 The review found that smoking by 
older siblings influences smoking in adolescents more 
consistently than does smoking by parents.4 Exposure 
to smoking in the home, although a less studied factor, 
has also been shown to predict smoking in adolescents 
independent of parental smoking status in longitudinal 
and cross-sectional studies.33–37 Studies suggest second-
hand smoke exposure may biologically predispose chil-
dren to nicotine dependence38–42 in addition to providing 
pro-smoking socialisation.34 Could declining exposure to 
these proximal risk factors explain the dramatic decline 
in adolescent smoking since the turn of the century?

Despite extensive risk factor research, few studies 
have explored how exposure to risk factors has changed 

over time, or how such changes may be contributing to 
changes in adolescent smoking at the population level. 
The current study explores trends in exposure to known 
risk factors for adolescent smoking (parental, sibling and 
peer smoking and exposure to smoking in the home) and 
investigates the extent to which these risk factors could 
explain the declining trend in adolescent smoking in NZ 
from 2003 to 2015.

Methods
Data
We used repeat cross-sectional data from the Action on 
Smoking and Health (ASH) NZ Year 10 Snapshot Survey 
series, an annual school-based survey of adolescents 
aged 14–15 years which is administered by ASH NZ and 
is part of the New Zealand Youth Tobacco Monitor. The 
questionnaire includes a set of ‘core’ questions that have 
remained consistent over time to enable trend moni-
toring, and additional questions which change from year 
to year. Years included in the current study were 2002–
2015, since key variables of interest were unavailable prior 
to 2002. Furthermore, exposure to smoking in the home 
was not included in the questionnaire in 2002 or 2004–
2005, and therefore multivariable trend analysis includes 
only data from 2003 and 2006–2015.

All public and private schools with year-10 students 
were invited to participate in the ASH NZ Year 10 Snap-
shot each year. Table 1 shows the sample size and student 
response rate (as a proportion of the total NZ year-10 
population) by year. Non-response was almost entirely at 
the school level, with school response rates ranging from 
44% to 67%.43 (The lower school response rate in 2015 
was due to limited resources for liaising with schools that 
year.)

Following previously published ASH NZ analyses, our 
analysis was restricted to respondents aged 14 or 15 at the 
time of the survey. For consistency between descriptive 
and multivariable (ie, adjusted) analyses, only respon-
dents with complete data for all variables (smoking status, 
parental smoking, sibling smoking, best friend smoking, 
age, gender, ethnicity, school decile and school ID, and 
for 2003 and 2006–2015 exposure to smoking in the 
home) were included in the analyses. In addition, only 
schools with at least 20 respondents were included so 
that results were based on stable estimates of smoking in 
each school. Table  1 shows the number of valid survey 
responses received based on the ASH NZ criteria for 
inclusion (ie, those with complete data for age (14/15 
years), sex, ethnicity and smoking status), and the number 
included in our study (after exclusions above), by year. 
After application of our additional inclusion criteria 96% 
(398 221/414 254) of valid responses were included.

The final included sample (n=398, 221) comprised 
approximately half the year-10 population each year, and 
closely resembled the population in respect of demo-
graphic characteristics. A detailed comparison of the final 
included sample and population, by year, is provided in 
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online supplementary table S1, showing that the sample 
is broadly representative although with modest but consis-
tent under-representation of Māori and students from low 
decile schools. (School decile is a school-level measure of 
the socioeconomic position of a school’s student commu-
nity, explained further below.)44

Fieldwork was undertaken earlier in the year in 2011 
and subsequently, meaning respondents were 2–3 months 
younger on average in 2011 and subsequent years, than 
in 2010 and prior years. Excluding the timing of field-
work and changes to non-core questions, there has been 
consistency in survey instruments, administration and 
data management across included years.

In participating schools, the one-page survey is 
completed in class time under the supervision of teaching 
staff. Individual students may choose not to participate. 
To protect the confidentiality of students’ responses, 
identifying information is not collected, and teachers are 
requested not to check the completed surveys. Completed 
surveys are returned to ASH NZ which oversees data entry, 
cleaning and coding.

Details on survey methodology are available elsewhere.43

Variables
The outcome variable, ‘regular smoking’ (Y/N) was 
defined as smoking at least monthly, based on the ques-
tion ‘How often do you smoke now?’ The answer catego-
ries were: ‘I have never smoked/I am not a smoker now’, 
‘At least once a day’, ‘At least once a week’, ‘At least once 
a month’ and ‘Less often than once a month’.

Smoking status of mother, father, older sibling(s) and 
best friend were based on the question ‘Which of the 

following people smoke?’ with a dichotomous variable 
(current smoker, yes/no) created for each. Previous 
research shows that maternal smoking is more strongly 
associated with adolescent smoking initiation than 
paternal smoking,45 therefore we examined exposure 
to maternal and paternal smoking separately. For the 
purposes of multivariable analysis, parental smoking 
was grouped into one variable, coded 0=neither parent 
smokes, 1=only mother smokes, 2=only father smokes, 
3=both parents smoke.

Past week exposure to smoking in the home was based 
on the question ‘During the past 7 days, on how many 
days have people smoked around you in your home?’ 
Response categories were 0 days, 1–2 days, 3–4 days, 5–6 
days and 7 days. For descriptive analysis only, we recoded 
the responses into three categories: ‘Daily exposure’ (7 
days) ‘less than daily exposure’ (1–6 days) and ‘no expo-
sure’ (0 days).

In previous research, using the same data set, we 
confirmed that all the above risk factors were significantly 
associated with adolescent smoking, and that these associa-
tions remained significant throughout the study period.46

Demographic variables were age (14 or 15 years old), 
sex (male or female), ethnicity (prioritised Māori, 
Pacific, Asian, NZ European/other) and school decile. 
School decile is calculated by the Ministry of Education 
for purposes of funding allocation, and is a school-level 
measure of the socioeconomic position (SEP) of a school’s 
student community. Details of how school decile is calcu-
lated are available from the Ministry of Education.44 For 
descriptive analysis only, we grouped school decile into 

Table 1  Sample size and student response rate by year

Year
NZ Year 10
population

Valid survey 
responses*

Valid survey responses 
that met all study 
inclusion criteria

Proportion of Year-10 
population that met all 
study inclusion criteria (%)

2002 58 812 29 173 28 088 50

2003 61 028 32 705 31 377 54

2004 62 852 31 630 30 807 46

2005 64 619 32 561 31 833 51

2006 63 086 32 844 31 690 52

2007 62 012 25 978 25 109 42

2008 61 485 30 903 29 682 50

2009 61 355 25 757 24 755 42

2010 61 210 32 832 31 696 54

2011 59 562 26 856 26 028 45

2012 59 627 31 983 30 396 43

2013 57 929 28 340 27 014 49

2014 59 612 31 125 29 303 47

2015 59 528 21 567 20 443 36

Total 852 717 414 254 398 221 47

*Valid survey responses=those with complete data for age (14 or 15), sex, ethnicity and smoking status.
NZ, New Zealand.
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low (deciles 1–3: most deprived), medium (4–7) and high 
(8–10: least deprived). Each school also had an identifi-
cation number (school ID) which was assigned to all 
respondents from that school.

Analysis
To describe trends we used SPSS (IBM Released 2016. 
IBM SPSS Statistics for Windows, V.24.0) to tabulate prev-
alence of regular smoking and prevalence of exposure to 
risk factors (overall and by sex, ethnicity and school decile) 
for each year. We then quantified the mean annual abso-
lute change in proportion of respondents exposed to each 
risk factor using weighted linear regression (to adjust for 
differing variance by year by giving more weight to more 
accurate estimates of prevalence) with year as the indepen-
dent variable. The weights were 1/SD2 of the proportions.

Next, for the years 2003 and 2005–2015, we conducted 
trend analyses based on individual-level data using multi-
variable logistic regression. We used SAS/STAT software 
(V.9.4 of the SAS system for Windows). To test the extent 
to which the risk factors of interest accounted for the 
change over time in adolescent smoking, we modelled 
regular smoking as a function of survey year, adjusting 
for demographic factors (age, sex, ethnicity and school 
decile), and including school ID as a random effect to 
account for clustering at the school level (model 1). We 
then added the risk factors of interest to model 1, first 
individually then collectively. Attenuation of the OR for 
year, which was tested using Z tests to compare log odds, 
would indicate that the risk factor (partially) accounted 
for the trend over time.

Initially, we modelled the trend using year as a contin-
uous variable, which provided a single OR describing 
average annual change in the odds of regular smoking 
compared with the reference year, 2003. This approach 
assumes a linear trend over time which may not be valid, 
so we also modelled the trend using year as a categorical 
variable. This provided an OR for regular smoking for 
each survey year 2006–2016, compared with the reference 
year.

To test whether the results were the same for Māori 
adolescents as for the sample as a whole, we recoded 
ethnicity into Māori (yes/no) and repeated the trend 
analysis above for Māori only.

Patient and public involvement
Patients were not involved in the design or conduct of this 
study, and nor were members of the general public.

Results
Prevalence of regular smoking
There was a long-term decline in prevalence of regular 
smoking among adolescents aged 14–15 years from 22% 
in 2002 to 5% in 2015 (figure 1). Based on weighted linear 
regression, the overall regular smoking rate reduced by 
an average of 1.2% per year (in absolute terms) from 
2002 to 2015.

Online supplementary figures S1–S3 show trends in 
prevalence of regular smoking stratified by ethnicity, 
school decile and gender, and indicate that smoking 
has declined in all demographic groups. Furthermore, 
ethnic, SEP and gender disparities have narrowed over 
time in absolute terms.

Changes in exposure to risk factors over time
Trends in exposure to risk factors are shown in figure 1. 
Parental smoking (figure 1A) declined only modestly over 
the study period with maternal and paternal smoking 
both declining by an average rate of 0.5% per annum. 
As shown in figure  1B, smoking among older siblings 
declined slightly more, at an average rate of 0.7% per 
annum, and ‘best friend smokes’ had the highest rate 
of decline at 1.5% per annum. Past week exposure to 
smoking in the home did not change significantly over 
the study period. Prevalence of daily exposure to smoking 
in the home fell from 22% to 13% overall (an average 
decrease of 0.6% per annum), however less than daily 
exposure increased over the study period.

Online supplementary figures S4–S10 show exposure 
to risk factors over time by ethnicity and school decile. 
They show that trends in exposure to risk factors followed 
a similar pattern in all ethnic and SEP subgroups, but 
disparities in levels of exposure were marked at all years.

Trend analyses
Results of the trend analyses are shown in table  2. We 
observed a strong downward trend in regular smoking, 
with an OR of 0.88 per year (95% CI 0.88 to 0.88, p<0.001) 
based on the linear trend. When ‘best friend smokes’ was 
added to the model (model 1+best friend smokes) the 
size of the OR declined significantly (model 1), indicating 
that this risk factor partially (but not fully) accounted for 
the declining trend in adolescent smoking between 2003 
and 2015. None of the other risk factors, when added to 
model 1, significantly attenuated the OR for year relative 
to the reference year, indicating that, individually, they 
did not contribute to the trend.

When all four risk factors were entered into the model 
together (model 1+all risk factors), the attenuation of the OR 
was significant (p<0.05) but the magnitude of the change 
was no greater than for ‘model 1+best friend smokes’.

The pattern of results described above was observed 
regardless of whether year was used as a categorical vari-
able (modelling change relative to 2003 for each year), 
or a continuous variable (modelling the linear trend, to 
give an annual average change over the study period, as 
shown in the final row of table 2). The same patterns were 
also seen in Māori respondents (see online supplemen-
tary table S2).

There was a residual effect of year (ie, unexplained 
change over time indicated by an OR for year that was 
significantly less than 1) in all the models, including the 
fully adjusted model. This suggests that there were factors 
outside our fully adjusted model that were influencing 
the change over time in smoking prevalence.
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Discussion
Exposure to best friend smoking declined strongly during 
the 2002–2015 period, while exposure to other estab-
lished risk factors for smoking decreased more modestly, 
if at all. There was no change in past week exposure to 
smoking in the home overall (ie,  1–7 days), but daily 
exposure fell significantly, while less than daily exposure 
increased. The primary aim of this study was to determine 
whether these known risk factors explained (in statistical 
terms) the dramatic decline in adolescent smoking seen 
recently in NZ. Despite declining exposure to many of 
the included risk factors, modelling showed that most of 
the factors we explored (parental and sibling smoking, 
and exposure to smoking in the home) did not account 
for the trend in any measurable way, either individually 
or collectively.

Only ‘best friend smokes’ appeared to contribute to the 
declining trend in adolescent smoking. This was unsur-
prising, given that exposure to this risk factor declined 
markedly over the study period, and a previous study 

using the same data set has shown that the smoking 
status of respondents’ best friend was by far the stron-
gest risk factor for regular smoking in NZ adolescents 
aged 14–15 years of the factors we explored.46 However, 
research on peer influence suggests that causality is likely 
to be bidirectional, and the association is due, in part, to 
smokers seeking out other smokers as friends.4 Further-
more, at the population level, it would be a circular to 
suggest that declining best friend smoking explained 
the decline in adolescent smoking, since survey respon-
dents and their best friends belong to the same cohort of 
adolescents in which smoking is declining. The question 
remains: if decreases in best friend smoking are resulting 
in reduced risk of adolescent smoking at the individual 
level, what is driving the decline in best friend smoking?

One possibility is that, since younger adolescents are 
strongly influenced by peers and adolescents slightly 
older than themselves, a virtuous cycle may have devel-
oped whereby a decline in adolescent smoking at time 
1 has led to a subsequent decline in adolescent smoking 

Figure 1  Prevalence of regular smoking and risk factors in adolescents aged 14-15 years, 2002–2015. (A) Trends in adolescent 
and parental smoking prevalence (B) Trends in exposure to other risk factors. 
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at time 2 and so on. Further research, perhaps drawing 
on communicable disease methodology, could test this 
hypothesis and explore how the ‘social transmission’ of 
smoking (and other health risk behaviours) influences 
population prevalence over time. Should this hypothesis 
prove to be correct, the trigger for the sudden change 
from rapidly rising to rapidly falling adolescent tobacco 
use from the late 1990s to the early 2000s still remains to 
be identified.

Our findings suggest that there are other factors 
influencing the decline in adolescent smoking that this 
study did not address. For example, it is possible that 
changes in the social meaning of smoking47 48 and the 
policy context11 49—factors that were not included in our 
analyses—may have played a role in triggering adoles-
cent smoking decline. For example, policy responses to 
rising adolescent smoking in the 1990s may have influ-
enced teen smoking in NZ, as they appear to have done 
in Australia,10 11 the UK6 and the USA.9 In NZ, such 
policy responses included raising the legal age of tobacco 
purchase from 16 to 18 years of age in 1997, a tax increase 
which raised the price of a packet of 20 cigarettes by 13% 
in 199850 and the ‘Why start?’ mass media campaign 
which ran from 1996 to 1998. It is plausible that, collec-
tively, these measures contributed to the denormalisation 
of smoking which, together with any specific intervention 
effects, may have been the trigger for adolescent smoking 
decline both in NZ and other jurisdictions. Mass media 
campaigns from 2000 focusing on secondhand smoke 
and a 2004 ban on smoking in pubs and all other indoor 
workplaces likely contributed to the ongoing denormali-
sation of smoking (in particular indoor smoking) in NZ,51 
and may underpin the observed decline in daily exposure 

to smoking in the home. As Simon Chapman has pointed 
out, denormalisation involves an ‘interplay of continuous, 
uncontrolled, unmeasured, and sometimes unmeasur-
able variables intended to influence [tobacco] consump-
tion’, and cannot be reduced to the sum of its parts.52

However, if tobacco denormalisation, along with the 
other factors discussed above, explains the decline in 
adolescent smoking, is it simply a coincidence that 
adolescent alcohol use, teen pregnancy and juvenile 
crime have also declined over the same period? Or does 
this suggest there are additional overarching influences 
that are impacting on a range of adolescent risk-taking 
behaviours?

As far as we are aware, this is the first study to explore 
trends in exposure to known risk factors with the purpose 
of better understanding the drivers of the decline in 
adolescent smoking prevalence. Definitively establishing 
the reason(s) for the decline in adolescent smoking is 
not possible using repeat cross-sectional data (or indeed 
via any single study). However, trend analysis using statis-
tical modelling allowed us to explore the relationships 
between survey year, risk factors and outcomes, and 
thereby (potentially) account for changes over time in 
statistical terms. This approach has allowed us to rule out 
hypothesised explanations for population level change 
over time, and adds to the evidence base about the most 
likely explanations for the decline of smoking in young 
people.

Strengths of the study include the large sample size, 
and demographic similarity between the sample and the 
year-10 population, suggesting response bias was not a 
substantial issue. Systematic under-representation and 
over-representation were found to be relatively consistent 

Table 2  Results of multiple logistic regression analyses examining the impact of risk factors on the trend in regular smoking in 
adolescents

Year

Model 1:
OR for year
partially adjusted
(95% CI)

Model 
1+best friend 
smokes
(95% CI)

Model 1 
+exposure to 
smoking in home
(95% CI)

Model 1+parental
 smoking

Model 1+ sibling 
smoking

Model 1+all risk 
factors

2003 1

2006 0.62 (0.59 to 0.64) 0.83* (0.78 to 0.87) 0.58 (0.55 to 0.61) 0.60 (0.57 to 0.63) 0.61(0.58 to 0.64) 0.75* (0.71 to 0.79)

2007 0.56 (0.53 to 0.59) 0.78* (0.74 to 0.83) 0.54 (0.52 to 0.57) 0.55 (0.52 to 0.58) 0.56 (0.54 to 0.59) 0.72* (0.68 to 0.76)

2008 0.51 (0.48 to 0.53) 0.74* (0.70 to 0.79) 0.49 (0.47 to 0.52) 0.50 (0.48 to 0.53) 0.51 (0.48 to 0.53) 0.68* (0.64 to 0.72)

2009 0.47 (0.44 to 0.49) 0.69*(0.65 to 0.73) 0.46 (0.43 to 0.49) 0.46 (0.44 to 0.49) 0.47 (0.45 to 0.50) 0.63* (0.59 to 0.67)

2010 0.40 (0.38 to 0.42) 0.58*(0.54 to 0.61) 0.40 (0.38 to 0.42) 0.39 (0.37 to 0.41) 0.40 (0.38 to 0.42) 0.53* (0.50 to 0.57)

2011 0.36 (0.34 to 0.38) 0.55* (0.51 to 0.58) 0.33 (0.31 to 0.35) 0.36 (0.34 to 0.38) 0.37 (0.35 to 0.39) 0.47* (0.44 to 0.51)

2012 0.28 (0.27 to 0.30) 0.42* (0.39 to 0.45) 0.26 (0.25 to 0.28) 0.29 (0.27 to 0.30) 0.29 (0.27 to 0.31) 0.37* (0.35 to 0.40)

2013 0.27 (0.25 to 0.28) 0.41* (0.39 to 0.44) 0.28 (0.26 to 0.29) 0.27 (0.26 to 0.29) 0.28 (0.26 to 0.30) 0.39* (0.37 to 0.42)

2014 0.24 (0.22 to 0.25) 0.36* (0.34 to 0.39) 0.23 (0.22 to 0.25) 0.24 (0.23 to 0.26) 0.25 (0.24 to 0.27) 0.34* (0.32 to 0.36)

2015 0.21 (0.19 to 0.22) 0.34* (0.32 to 0.37) 0.20 (0.19 to 0.22) 0.21 (0.20to 0.23) 0.22 (0.21 to 0.24) 0.31* (0.29 to 0.34)

All years combined, using year as a continuous variable

 � Linear trend 
(2003–2015)

0.88 (0.88 to 0.88) 0.91* (0.91 to 0.92) 0.88 (0.88 to 0.88) 0.88 (0.88 to 0.89) 0.88(0.88 to 0.89) 0.91* (0.90 to 0.91)

Model 1 is adjusted for age, gender, ethnicity and school decile.
*OR >model 1 OR (p<0.05).

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020320 on 25 O

ctober 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Ball J, et al. BMJ Open 2018;8:e020320. doi:10.1136/bmjopen-2017-020320

Open access

over time and therefore unlikely to affect trend analysis 
which was the focus of our study. The methods for the 
ASH NZ survey were broadly consistent between years, 
with minor changes (eg, a change in fieldwork timing 
from 2011) unlikely to contribute significantly to the 
trends observed. Since there is a strong similarity between 
NZ and other countries at a late stage in the tobacco 
epidemic in terms of trends in adolescent smoking and 
known risk factors, it is likely that our conclusions may be 
generalisable to similar countries, but this remains to be 
confirmed through further research.

Given the complex array of factors at various levels that 
are known to influence smoking uptake, one of the limita-
tions of our study was the limited number of risk factors 
for which consistent data were available. Clearly, there are 
other contributing factors, and our study was unable to 
explore these. The study was based on self-report ques-
tionnaire data, with its inherent limitations (eg, poten-
tial for social desirability bias, and misinterpretation of 
questions resulting in misclassification); however, recent 
biomarker testing of a subsample of ASH NZ year-10 
participants indicated that the survey provides an accu-
rate population estimate of smoking prevalence.53 We 
used school decile as a proxy for SEP, since more direct 
measures were unavailable. Because school communities 
are heterogeneous, it is an imperfect measure at the indi-
vidual level, and residual confounding by SEP is possible 
in our adjusted analyses.

Conclusions
In summary, our findings suggest that the remarkable 
decline in adolescent smoking in NZ cannot be explained 
by declining exposure to parental smoking, sibling 
smoking or past week exposure to smoking in the home. 
These factors have not contributed measurably to the 
trend, either individually or collectively. Declining ‘best 
friend smoking’ partially accounts for declining adoles-
cent smoking in our statistical model, but this finding 
contributes little to our understanding of the drivers of 
population-level decline since respondents and their best 
friends largely come from the same population. It is clear 
that factors other than those in our model are at play, 
with changes in the social meaning of smoking, the policy 
context and broader sociocultural changes all poten-
tial contributors. Further research is needed to identify 
other contributing factors and determine their relative 
importance.
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