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Executive summary
Key messages

¢ Longitudinal survey data were used to track drinking patterns among
adolescents (16 to 17-year-olds) and the wider population (16 to 65-year-olds)
from 2011 to 2015.

e By the time they were 20 to 21-years-old, adolescents had decreased the
quantity of alcohol they drank on a typical occasion compared to when they
were 16 to 17-years-old (but still drank at a high risk level).

e The decrease was largely driven by a decline in drinking among heavier
drinkers, rather than a population level shift.

o Wihile certain measures (eg, tobacco smoking and cannabis use) were
associated with heavier drinking, change over time in these measures did not
explain the decrease in adolescent drinking.

The study

Adolescent drinking has declined in many high-income countries since the 2000s, mainly
among adolescents under 18-years-old. There is currently no consensus as to why declines
have occurred. Little is known about whether adolescent levels of consumption have
declined due to wider collective changes in drinking (Pape, Rossow, & Brunborg, 2018).
Further, there is a range of factors that may specifically influence adolescents’ consumption.

This study used three waves of longitudinal data covering the period 2011 through 2015 to
understand what factors may have been influencing change in adolescent drinking in New
Zealand.

It assessed if adolescents’ drinking behaviour has changed similarly/differently from adults.
Both average drinking patterns and drinking trajectory analysis were used to do so. The
study also explored specific factors that may be related to declines in drinking trajectories.

Results
When average drinking patterns were assessed, the quantity of alcohol consumed on a
typical drinking occasion decreased over the three survey waves, with younger age groups

decreasing more than the older age groups.

Those who were heavy drinkers at survey wave 1 decreased the most over the three survey
data points.



Among the 16 to 17-year-olds (at wave 1), this meant that the decline in heavier drinking
translated through to emergent adulthood (at wave 3: 20 to 21-years-old).

This finding denotes a departure from previous New Zealand longitudinal trajectories where
the quantities of alcohol consumed have increased in transition from adolescence through to
emergent adulthood.

Although declines were found in the heavier drinking trajectories, most drinkers still
consumed alcohol at levels of around six drinks or above by wave 3, placing them at high
risk of experiencing the harmful effects of alcohol.

It appears that adolescent changes in consumption are not simply reflecting those found
among the wider population. Changes over time differed among 16 to 17-year-olds relative
to those aged 16 to 65-years-old. Further, the changes over time among 16 to 17-year-olds
did not appear to be explained by a collective shift in consumption (defined here as different
consumption levels moving in the same direction).

The analysis looked at a range of measures to understand drinking trajectory membership,
including policy, social and behavioural factors. The analysis also considered whether
change in these variables predicted membership to the trajectory with the greatest decrease.

e For 16 to 17-year-olds, being socially supplied by a friend and using cannabis or
smoking tobacco were among the measures that predicted membership to the
heavier drinking trajectory.

¢ In addition to using cannabis or smoking tobacco, for the 16 to 65-year-olds, late-
night purchasing, ethnicity and liking alcohol adverts were also important in predicting
membership to the heavier drinking trajectory.

¢ No clear patterns were found when changes in these measures were modelled to try
and explain membership to the trajectory with the greatest decrease.

Implications

This study raises broad and important questions of what measures research needs to look at
in order to understand declines in adolescent drinking. The findings from this study may
provide some support for a culture of early alcohol maturity. Heavy drinking declined as 16 to
17-year-olds reached 20 to 21-years-old which is earlier than generally found previously.
Going beyond alcohol-specific factors may also be useful, for example, considering the
effects of broader societal changes such as investigating lifestyle changes, a more in-depth
assessment of the effects of social media, or a better understanding of generational
differences and influences.



Introduction

Adolescent drinking has declined in many high-income countries since the 2000s, mainly
among adolescents under 18-years-old (Pape et al., 2018). Heavier drinking is now less
likely and average levels of consumption have declined. Such trends have been found in
numerous European countries, in the US, Australia and New Zealand (Pape et al., 2018;
Raninen & Livingston, 2018). In New Zealand, comparable cross-sectional surveys have
documented a significant decline in heavier drinking. The New Zealand Health Survey found
the prevalence of hazardous drinking (AUDIT score 8+) among adolescents aged 15 to 17
declined from 19.5% in 2006/07 to 11.5% by 2015/16 (however there was variation in
between these years) (Alcohol Healthwatch, 2018). A national school-based survey found a
decline in binge drinking® in the last four weeks among 15 to 16-year-olds, from 34% in 2007
to 23% in 2012 (Clark et al., 2013).

There is currently no consensus as to why declines have occurred in high-income countries
including New Zealand. While some studies have assessed possible factors that might be
affecting declines among adolescents, no conclusions have been drawn. Little is known
about whether adolescent levels of consumption have declined due to wider collective
changes in drinking (Pape et al., 2018). Further, there are a range of factors that may
specifically influence teenagers’ consumption. Therefore, developing evidence and
extending our understanding as to the mechanisms driving this change would be useful to
inform governments’ and policy makers’ efforts to support and maintain it.

Collective declines in drinking?

The theory of drinking collectivity states that when total consumption (per capita) increases
or decreases, all groups of drinkers change their alcohol consumption in the same direction,
via social diffusion processes (Oldham et al., 2019; Pape et al., 2018). In New Zealand, per
capita consumption has generally been declining (Alcohol Available for Consumption, from
Stats NZ, 2019). It is possible that this wider context has influenced adolescent declines in
consumption in New Zealand.

Most studies that have assessed declining adolescent consumption have not included
respondents who were aged 18+ (Pape et al., 2018). As such, little is known about whether
or not adolescent declines are simply reflective of patterns in the wider population. One
study, from England, analysed if declines in the number of drinks in the past week among 11
to 15-year-olds were in line with changes in total consumption. It found that declines in
consumption in all percentiles among the 11 to 15-year-olds were in line with mean
decreases in population consumption, although the relationship was more pronounced in
moderate drinkers (Oldham et al., 2019). A study from Australia assessed age-specific
trends among both adults and adolescents. It found that declines in mean average

1 Defined as five or more drinks in one 4-hr session.



consumption? were concentrated among adolescents and young adults and that this was
likely to be a driver of the decline in total consumption (Livingston, Callinan, Raninen,
Pennay, & Dietze, 2018).

Some studies have looked at whether there have been collective shifts in drinking among
adolescents across the consumption distribution ie, if different levels of consumption (heavy
versus light drinkers) have all been changing in the same direction. A study from England
among those aged 11 to 15 between 2001 and 2016 found that the number of drinks in the
past week declined across the consumption distribution, suggesting a collective shift, but
that the magnitude of decline decreased proportionally less among the lightest, moderate
and very heaviest youth drinkers (Oldham et al., 2019). Other studies, from Scandinavia
(Norway and Sweden) have also found evidence of a collective shift in drinking declines
among adolescents (Brunborg, Bye, & Rossow, 2014; Norstrom & Svensson, 2014;
Raninen, Livingston, & Leifman, 2014). On the other hand, different studies from Sweden
have not (Hallgren, Leifman, & Andréasson, 2012; Zeebari, Lundin, Dickman, & Hallgren,
2017). One study found that the heaviest 5-10% of drinkers aged 15 to 16 and 18 to 19 did
not reduce their average consumption or binge drinking relative to other consumption levels
(Hallgren et al., 2012). A literature review from 2018 reported that currently there are too few
studies to draw conclusions about collective shifts either way (Pape et al., 2018).

Specific factors contributing to declines

It is also possible that there are factors specifically operating on adolescents to reduce their
drinking levels. Changes in alcohol policy including decreased affordability (eg, Baska,
Madarasova-Geckova, Baskova, & Kraj¢ovi¢, 2016; Bhattacharya, 2016), increased
purchase age (eg, Andersen, Rasmussen, Bendtsen, Due, & Holstein, 2014) or shorter
trading hours (White et al., 2018) have all been found to contribute to decreases in some
adolescent drinking patterns. However, policy changes have not necessarily occurred in all
jurisdictions where adolescent drinking has declined therefore do not wholly explain the
cross-national nature of the declines (Pape et al., 2018).

In Australia and England, there is some evidence that adolescents are becoming less
approving of binge drinking (Fuller & Hawkins, 2013; Livingston & Callinan, 2017). A
qualitative study published in 2019 found that a culture change may have occurred among
young people where drinking and intoxication have lost their symbolic power as a rite of
passage into adulthood. The study also suggested that there was less peer pressure to drink
and more room for competing activities (Torrénen, Roumeliotis, Samuelsson, Kraus, &
Room, 2019).

Changes to permissive parental and/or social environment/friends’ attitudes or behaviours
may also be related to declining adolescent drinking trends. In Finland, a decline in heavy

2 Defined as the average volume of pure alcohol consumed by drinkers in the week before responding
to the survey.



episodic drinking® among 15 to 16-year-olds between 1999-2015, was best explained by
increased difficulty in obtaining alcohol, an increase in parents knowing where the young
person was on Friday nights and a decrease in risk associated with going out with friends to
drink (Raitasalo, Simonen, Tigerstedt, Makela, & Tapanainen, 2018). A study from Australia
found that reductions in parent favourable attitudes and availability of substances (alcohol,
tobacco and cannabis) were related to declines in lifetime use but not past month alcohol
use from 1995 to 2015 (Toumbourou et al., 2018).

There are indications that the decline in drinking could be part of a wider trend in health
consciousness among adolescents. A New Zealand study found cannabis use (ever)
decreased between 2001 and 2012 (as did the proportions who never used other illegal
psychoactive drugs) (Ball et al., 2019). Tobacco smoking has also been declining among
adolescents in many high-income countries (World Health Organization, 2014) and health-
oriented adolescents have been found to drink much less (Pennay et al., 2018). A qualitative
study from Sweden found that adolescents may also be more concerned with putting public
health risk messages into practice (Torrénen et al., 2019).

Longitudinal data versus cross-sectional data

Most studies conducted, including those reviewed above, have assessed adolescent
declines in consumption using cross-sectional data. There is a lack of recent longitudinal
studies, that can be used to shed light on alcohol consumption through developmental
stages among adolescents and young people.

Studies analysing longitudinal drinking trajectories from New Zealand, although limited in
number, have been conducted. These studies were, however, undertaken using data prior to
the trend of declining adolescent consumption during the 2000s. A study using data from the
Christchurch Health and Developmental Study found that all adolescents, across different
trajectories, increased their consumption as they aged from 14 through to 16-years-old
(Boden, Newton-Howes, Foulds, Spittlehouse, & Cook, 2019). Another study, among older
adolescents and young adults, found that quantity consumed on a typical drinking occasion
increased up until 21-years-old, after which most trajectories declined (Casswell, Pledger, &
Pratap, 2002).

The study

Adolescent drinking behaviour is changing and there is a need for more research to
understand why drinking levels are declining among adolescents. Most studies conducted in
this area have used cross-sectional data and there is a lack of longitudinal studies.

3 Defined as the number of times 6+ drinks were consumed during the past 30 days.



This study used three waves of longitudinal data, collected between 2011 to 2015, to
understand what factors may have influenced change in adolescent drinking in New
Zealand. It assessed whether adolescents’ drinking behaviour has changed differently from
adults and if change has occurred at different drinking levels. The study used both average
drinking patterns and drinking trajectory analysis. The study also explored specific factors
that may be related to declines in drinking.

Aims

1. To determine if, and what, changes in drinking behaviour have occurred from 2011 to
2015, by age group in New Zealand.

2. To determine if adolescents’ drinking behaviour has changed differently from adults.

3. To determine trajectories of drinking patterns among adolescents (16 to 17-year-
olds) and the general population (16 to 65-years-old) and to explore measures that
predict a) trajectory membership and b) how changes in underlying factors predict
membership to the trajectory with the greatest rate of decrease.



Methodology

Sample

Recruitment

This research used data previously collected as part of the International Alcohol Control
(IAC) Study*. A cohort design with random replenishment samples was used. Survey
samples of drinkers aged 16 to 65 were collected in 2011, 2013 and 2015. Independent
samples of adolescents aged 16 to 19 were also collected in 2012, 2013 and 2015 (and 16
to 17-year-olds were used from these samples, to reflect adolescent underage drinkers).

For the 16 to 65-year-old sample, a national stratified sample of residential landline numbers
comprised the sample frame, including published and unpublished landline numbers in 2011.
All respondents were followed-up in 2013 and 2015 and those lost to follow-up were
replenished randomly (in 2013 and 2015 the random replenishment samples also included
randomly generated cell phone numbers). The process was the same for the samples of 16
to 19-year-olds collected in 2012, 2013 and 2015.

Once a household was recognised as residential, numerous call backs were made at
different times of the day and days of the week in order to attempt to reach the household.
Once a household was contacted, eligible individuals were enumerated, and one respondent
was selected at random by the computer/tablet. A screening interview established eligibility
for participation in the study (drinking in the last six months and 16 to 65-years-old). To
acknowledge the time respondents gave to the study, respondents were given koha at each
wave.

Baseline response rates

Considerable effort was put into minimising refusals in the baseline data collection and
thereby maximising the response rate. Baseline response rates were 70% (2012) for the
adolescent sample and 60% for the 16 to 65-year-old sample (2011).

Longitudinal follow-up and attrition

Baseline respondents were followed-up in two subsequent waves in 2013 and 2015. This
meant for the adolescent survey, follow-up waves were one year and then two years apart.
For the 16 to 65-year-old sample, the follow-up waves were each two years apart.
Respondents were also contacted in-between waves to try to minimise attrition.

Attrition for the adolescent sample was 23% at 2013 and 46% by 2015. Attrition for the 16 to
65-year-old sample was 33% at 2013 and 45% by 2015. A greater number of heavier

4 https://www.iacstudy.org/
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drinkers (defined as 6+ drinks of 12.7 ml ethanol) were lost to follow-up, as compared to
lighter drinkers, however, the difference was not significant. Heavier drinkers were lost in
relatively similar proportions across age, gender and ethnicity groups.

Multiple imputation

Multiple imputation via chained equations was used to control for any bias due to attrition
(Deng, Hillygus, Reiter, Si, & Zheng, 2013). This was done separately for the 16 to 19-year-
old sample and the 16 to 65-year-old sample. Respondents who completed a survey at wave
1 were imputed for any future waves, if they had missing data, to allow for a complete
longitudinal sample 2011 through 2015 (or 2012 through 2015 in the case of the adolescent
sample). All data, including replenishment samples, were used to inform the imputation
(replenishment samples were not included directly in the analysis, only to inform the
imputation).

One hundred imputed datasets were used for each sample (aged 16 to 17 and 16 to 65). For
a full description of how the multiple imputation was undertaken see Appendix 1.

Sample sizes

The sample sizes at baseline were n = 412 for the 16 to 17-year-olds and n = 1,996 for the
16 to 65-year-olds.

How the survey data relate to the study aims

We analysed longitudinal survey data from two separate samples: a) 16 to 17-year-olds
(from an adolescent only sample) and b) 16 to 65-year-olds, to provide a comparison for the
16 to 17-year-olds.

For aim 1 & 2 (average drinking patterns)

e We used the 16 to 65-year-old sample to determine if, and what, changes in
drinking behaviour occurred from 2011 to 2015 by age group in New Zealand and
if average patterns of adolescents’ drinking behaviour changed differently from
adults.

For aim 3 (trajectories)
e We used the 16 to 17-year-olds from the adolescent-specific sample and the 16
to 65-year-old sample separately to determine trajectories of quantity of alcohol
consumed on a typical drinking occasion.

11



Measures

Outcome measures

Frequency of drinking and the quantity of alcohol consumed on a typical drinking occasion
were collected using a within-location beverage-specific framework developed for National
New Zealand Alcohol Surveys (Casswell, Huckle, & Pledger, 2002). This measure has also
been used internationally as part of the IAC Study (Huckle et al., 2018).

The measure first asks about typical frequency of drinking in all locations in which drinking
occurs. The locations need to be linked to a physical setting and be mutually exclusive. The
measure next asks beverage-specific questions for each location in which respondents
drink. Respondents report their consumption of different beverages in their own terms and
interviewers code these by using containers and glass sizes in which alcohol is commonly
served and sold. In this way, respondents do not have to ‘calculate’ and report their
consumption in terms of standard drinks which is likely to introduce error. Calculation of the
quantity of millilitres of ethanol can be made using the appropriate assumptions regarding
alcohol content for each beverage and container size (based on best available data) (Huckle
et al., 2018). These measures have been shown to account for around 90% of the alcohol
available in New Zealand (Casswell, Huckle et al., 2002; Huckle et al., 2018).

Quantity of alcohol consumed on a typical drinking occasion: the quantity of ethanol in
millilitres (mls) consumed on a typical drinking occasion in the past six months.

Frequency of drinking: the number of drinking occasions in the past six months.

Explanatory measures
Policy measures

Underage access to alcohol

Respondents under 18-years-old reported how often they were asked to show age
identification when purchasing alcohol. This variable was measured on a scale of 1: none of
the time, to 10: all of the time. For the analysis, if frequency of being asked for identification
was 6 or above then this was coded 1 (most/all of the time), otherwise coded as 0.

Physical availability

Respondents were asked to report how much time it took them to travel to the usual place
where they purchased or obtained alcohol. Time to access alcohol was coded as ‘1’ if five
minutes or less, or ‘0’ if more than five minutes.

Marketing exposure and liking

Respondents were asked to rate, on a scale from 1-10, how often they had noticed things
that promoted alcohol in the last six months and how they felt about alcohol adverts on the

12



whole; if they liked or disliked them. For both of these measures, if respondents reported 6-
10 their response was coded as yes (1) (noticed or liked alcohol adverts) and if their
response was 1-5, this was coded as no (0).

Late purchasing

Respondents reported the times at which they had purchased alcohol from on and off-
licensed premises. If respondents purchased from on-premises after 3am their response
was coded as yes (late purchaser), otherwise coded as no. If respondents purchased after
11pm from off-premises their response was coded as yes (1) (late purchaser), otherwise
coded as no (0). In some instances, late purchasing from on and off-premises was combined
to maximise numbers for analysis (and where this occurred is denoted later in the report).

Affordability

Respondents were asked to rate, on a scale from 1-10, how affordable alcohol was to them
currently, with 1 being very unaffordable and 10 being very affordable. If respondents
reported 6-10 their response were coded as yes (1) (perceived alcohol to be affordable) and
if 1-5 was coded as no (0).

Social mechanisms

Permissive parental and/or social environment/friends

Measures of social supply of alcohol were used as an indicator to measure permissive
parental and or social environment/friends. Respondents under 18-years-old, the legal
purchase age, were asked if they were supplied alcohol socially by parent/caregiver
(yes/no), supplied alcohol socially by a friend (yes/no), and supplied alcohol socially by
another relative (yes/no). These measures were included in the analysis for 2012 only. As
the analysis was longitudinal, in the follow-up surveys, the 16 to 17-year-olds became legally
permitted to purchase, making social supply less relevant.

Indicators of health consciousness - other health behaviours

Tobacco use

Respondent reports of tobacco smoking were assessed by asking respondents if they “had
ever smoked cigarettes or tobacco at all, even just a few puffs?”, and if so, “how often do
you now smoke?” (response options: you don't smoke now, at least once a day, at least
once a week, at least once a month, less often than once a month). Respondent responses
were then re-coded as yes (1) (current smoker at any frequency) otherwise no (0).

Cannabis use

Respondents were asked “Have you ever tried marijuana?” and if yes, “How often in the last
six months have you used marijuana?” (response options ranged from never to daily).
Responses were re-coded as yes (1) (current user at any frequency) otherwise no (0).

13



Satisfaction with health

Respondents were asked to rate, on a scale from 0-10 (an 11 point scale), how satisfied
they were with their health, with O being completely dissatisfied and 10 being completely
satisfied. Respondent responses of 6-10 were coded as satisfied and 0-5 coded as
unsatisfied.

Other measures

Respondents were also asked if they had received help to reduce their level of drinking
in the last six months. Reponses options were coded as yes (1) and no (0).

Demographics

Demographic variables collected included age, gender, ethnicity (multi-response but
prioritised for analysis) and education (categorised as <10 years (Low); 11-12 years
(Medium); 13+ years (High)).

Analysis

Average consumption patterns (Aim 1 and 2)

Generalised linear models were used for analysing the longitudinal responses of the drinkers
(quantity of alcohol consumed on a typical drinking occasion, frequency of drinking).
Correlation among the longitudinal responses was undertaken considering a Generalised
Estimating Equation (GEE) approach in the models. This analysis was undertaken using
SAS 9.4.

Trajectory analysis (Aim 3)

The trajectory analysis focused on the quantity of alcohol consumed on a typical drinking
occasion given this measure is related to acute harm. Further, the only increase in frequency
of drinking found in Aim 1 & 2 was for the 16 to 17-year-olds and this was most likely
because they became legally able to purchase by the second and third surveys.

A trajectory analysis of the quantity of alcohol consumed on a typical drinking occasion was
implemented using the method of Jones, Nagin and Roeder (2001) considering a censored
normal distribution for the outcome. Trajectory parameters are estimated, and individuals are
assigned to a trajectory group on a probability basis. Trajectory groups are not pre-specified.
Trajectory analysis was conducted for males and females separately to understand if
trajectories differed between these groups. Point estimates, standard errors, confidence
intervals and p values were obtained using PROC MIANALYSE in SAS 9.4, after adapting
the output generated by the estimation of the trajectory groups. Trajectory analysis was
undertaken in SAS 9.4 by implementing the Proc Traj SAS macro (see Jones et al., 2001).

14



All the analyses were carried out by combining the model results over approximately 100
imputed datasets.

Once the respondents had been assigned to a trajectory group, ordinal logistic regression
models were used to find variables to predict group membership. As the assumption of
proportionality did not hold, adjacent-category logit regression models were used when
modelling more than two groups. Socio-demographic variables, policy measures, social
mechanisms and other health behaviours observed at the first wave were used to predict
whether a respondent belonged to a trajectory group with heavier consumption. Additionally,
some interactions were tested among the socio-demographic covariates, but they were not
significant. A second set of logistic regression models was used for assessing if the changes
in these measures were related to trajectory membership (specifically the trajectory that
showed the greatest rate of decrease). The estimated trajectory membership (groups) was
treated as the outcome. For a full description of the trajectory analysis see Appendix 1.

15



Results

Composition of the samples by age group, prioritised ethnicity, gender and education are
reported in Table 1 (see Appendix 2).

Average drinking patterns (Aim 1 & 2)

The following section presents results from the 16 to 65-year-old sample only and reports fif,
and what, changes in average drinking patterns occurred over the waves 2011, 2013 and
2015, by age group. It also explores if average patterns of adolescents’ drinking behaviour
changed differently from adults. All measures refer to the past six months.

Quantity of alcohol consumed on a typical drinking occasion over the
survey waves

The average quantity of alcohol consumed on a typical drinking occasion in the past six
months declined significantly over the survey waves among 16 to 65-year-olds. In terms of
number of drinks, the decline was from 4.7 drinks at wave 1, to 4.2 drinks at wave 2 to 3.5
drinks at wave 3. A drink was defined here as 12.7 millilitres of ethanol.

Average quantity® by age group

The figures below report age group “at wave 1”. For example, as the data are longitudinal,
the 16 to 17-year-olds in 2011 were 20 or 21-years-old by 2015.

The average quantity of alcohol consumed on a typical drinking occasion was higher among
the younger age groups relative to the older age groups. Significant decreases in the
average quantity consumed were found between 2011 and 2015 for drinkers in all age
groups in the past six months, except the 55+ group. The size of the decrease was greater
for adolescents and young people (16 to 17, 18 to 19 and 20 to 24-years-old) relative to the
older age groups (Figure 1).

Average quantity by age group and gender

Male drinkers aged 20 to 24 and 25 to 44 showed a significant decrease in the average
quantity of alcohol consumed on a typical drinking occasion in the past six months in 2011
compared with 2015 (Figure 2). There were no statistically significant differences for female
drinkers.

5 Average quantity refers to the average quantity consumed on a typical drinking occasion.

16



Figure 1: Average quantity of alcohol consumed on a typical drinking occasion by age group over
the survey waves.
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Figure 2: Average quantity of alcohol consumed on a typical drinking occasion by age group and
gender over the survey waves.
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Frequency of drinking over the survey waves

There was no significant change in frequency of drinking in the past six months among 16 to

65-year-olds. Drinking frequency was around three times a week at each survey wave.
Average frequency was higher among the older age groups, in particular those aged 45 to
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54 and 55+, relative to the younger age groups. For drinkers aged 16 to 17, an increase in
frequency was found between 2011 and 2013. No other significant changes were found for
any other age groups (Figure 3).

Figure 3: Average frequency of drinking by age group over the survey waves.
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The average frequency of drinking among females of all age groups was observed to be
lower than their male counterparts. Female drinkers aged 16 to 17 significantly increased
their frequency between 2011 and 2013, whereas male drinkers aged 16 to 17 did not. No
other significant changes in frequency were found (Figure 4).

Figure 4: Average frequency of drinking by age group and gender over the survey waves.
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Trajectories (Aim 3)

The following section presents trajectories of drinking patterns using separate samples of 16
to 17-year-old drinkers and 16 to 65-year-old drinkers and the factors that predicted
trajectory membership.

The trajectory analysis focused on the quantity of alcohol consumed on a typical drinking
occasion given this measure is related to acute harm. Further, the only increase in frequency
of drinking found in Aim 1 & 2 was for the 16 to 17-year-olds (at first measurement) and this
was most likely because they became legally able to purchase by the second and third
surveys.

Models aiming to determine how changes in measures predicted membership to the
trajectory with the greatest rate of decrease showed no clear patterns for any of the
trajectories (see Appendix 4, Table 4 for tabulated results and further description).

Trajectories for 16 to 17-year-olds

Two trajectories were identified among male drinkers aged 16 to 17. Group 1 (32% of the
sample) was comprised of drinkers that increased from an average of 1.8 drinks® to 3.4
drinks. Group 2 (68%) was comprised of heavier drinkers who decreased from an average of
8.1 drinks in 2012 to 6.5 drinks in 2015 (Figure 5).

Figure 5: Trajectories for 16 to 17-year-old male drinkers: quantity of alcohol consumed on a
typical drinking occasion.

120

QO &%7
100 ~——
@80 8279
£
B 60
<
43.6
40 6.9
20 2.4

@ Group 1(32%) @ Group 2 (68%)

2012 2013 2014 2015

6 Defined as 10g or 12.7ml of ethanol.

19



Factors that predicted membership to Group 2 (compared to Group 1) among young males,
were if at wave 1 (year 2012) they were supplied alcohol socially by a friend, if they smoked
tobacco or used cannabis. No other variables included in the model were significant (eg,
underage access, physical availability, marketing exposure and liking, affordability,
satisfaction with health or level of education). See Appendix 3 for tabulated results (Table 2).

Three trajectories were identified for female drinkers aged 16 to 17. Group 1 (6%) and Group
2 (44%) were statistically stable over time. Drinkers in Group 1 consumed on average 1

drink in 2012 to 1.4 drinks in 2015. For drinkers in Group 2 it was 2.8 drinks in 2012 to 3.2
drinks in 2015. Group 3 (50%) decreased from on average 8.6 drinks in 2012 to 5.5 drinks in
2015 (Figure 6).

Figure 6: Trajectories for 16 to 17-year-old female drinkers: quantity of alcohol consumed on a
typical drinking occasion.
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Female drinkers aged 16 to 17 were more likely to be heavier drinkers if they were Maori,
and at wave 1 were supplied alcohol socially by a friend and/or smoked tobacco. They were
more likely to be in lower quantity group if they were of Asian ethnicity (see Appendix 3 for
model results - Table 2).

Trajectories for 16 to 65-year-olds

Three trajectories were identified for male drinkers aged 16 to 65. Group 1 (30%) decreased
from an average of 2.1 drinks in 2011 to 1.8 drinks in 2015; Group 2 (53%) decreased from
on average 5 drinks to 3.8 drinks. Group 3 (17%) were heavier drinkers that decreased at a
greater rate relative to the other trajectories (from on average 13.1 drinks in 2011t0 7.8
drinks in 2015) (Figure 7).
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Figure 7: Trajectories for 16 to 65-year-old male drinkers: quantity of alcohol consumed on a
typical drinking occasion.
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Male drinkers aged 16 to 65 were more likely to be heavier drinkers if they were Maori or
Pasifika, and at wave 1, liked alcohol advertising, purchased from off-premises after 11pm,
smoked tobacco or used cannabis. Males were more likely to be in a lower quantity group if
they were of older age and had higher education (see Appendix 3, Table 3 for model
results).

Five trajectories were identified for female drinkers aged 16 to 65. Group 1 (4%) was
statistically stable (at around 1 drink) over the time. Group 2 (40%) decreased from 2.2
drinks in 2011 to 1.7 drinks in 2015. Group 3 (43%) was statistically stable (at an average of
around 3.7 drinks). Group 4 (10%) decreased from on average 10.5 drinks in 2011 to 4.3
drinks in 2015 and Group 5 (3%) was statistically stable at on average 14.5 drinks to 12.5
drinks (ie, was comprised of heavier drinkers) (Figure 8).

Female drinkers aged 16 to 65 were more likely to be in a higher quantity group if they were
Maori or Pasifika, and, at wave 1, liked alcohol advertising, smoked tobacco or used
cannabis. Females were more likely in a lower quantity group if they were satisfied with their
health, were of older age and had medium or high education, relative to lower education
(see Appendix 3, Table 3 for model results).
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Figure 8: Trajectories for 16 to 65-year-old female drinkers: quantity of alcohol consumed on a
typical drinking occasion.
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Discussion

Most international studies assessing declines in adolescent consumption have used cross-
sectional data. The current study utilised longitudinal data to assess both average drinking
patterns and drinking trajectories. The two types of analysis revealed different findings’.

Average consumption

When average drinking patterns were assessed it was found that average quantity of alcohol
consumed on a typical drinking occasion (Aims 1 & 2) decreased over the three survey
waves. Younger age groups decreased their typical occasion quantity more than the older
age groups. This finding is in keeping with a cross-sectional study that found that decreases
in average consumption between 2001 and 2014 were concentrated in the younger groups
in the Australian population (Livingston et al., 2018).

Longitudinal trajectories

The longitudinal trajectory analysis (Aim 3) found that the decline in quantity of alcohol
consumed on a typical drinking occasion was concentrated among the heavier drinking
trajectories. This was the case for both males and females.

For the 16 to 17-year-olds (at wave 1) who aged through to 20 to 21-years-old (by wave 3),
the decline seen among the heaviest drinkers denotes a departure from the usual behaviour
(in transition from adolescence through to emergent adulthood) found previously. Prior New
Zealand research using longitudinal trajectory analysis found that quantities increased
through adolescence for all trajectories (Boden et al., 2019). Similarly, increases in quantity
trajectories have been found up to 21-years-old (Casswell, Pledger et al., 2002).

The previous studies were undertaken prior to the more recent trend of declining adolescent
consumption. The findings from the current study suggest that declines in heavier drinking
among the 16 to 17-year-olds (at wave 1) are translating through to emergent adulthood (20
to 21-years-old). A recent trajectory analysis from New York found a small decrease in the
average drinks consumed per day between emergent adulthood (around age 23) and young
adulthood (age 33 years) (Windle, 2020). However, in the current study we found decreases
by age 20 to 21-years-old.

Although declines occurred among the heavier drinking trajectories, drinkers in these
trajectories were still at high-risk of experiencing harm. Most heavier drinking trajectories still
remained at the level of drinking around 6+ drinks on a typical drinking occasion by wave 3.

" The difference in findings between the average quantity of alcohol consumed on a typical drinking
occasion and the trajectory analysis is related to the relative size of the trajectory groups and the
homogeneity (heterogeneity) within (between) the groups.
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Consuming at these levels places drinkers at high-risk for a range of injuries and alcohol-
related diseases including cancer (Babor et al., 2010; National Health and Medical Research
Council, 2009).

A collective shift in drinking

This study looked broadly to understand if a collective shift occurred as we did not set out to
empirically test this theory. The results from the 16 to 17-year-old trajectories provided no
evidence of a collective shift. Within the 16 to 17-year-olds, while the heavier trajectory
declined, the lighter trajectories increased (for males) or remained stable (for females)
meaning there was a narrowing of the gap between the groups.

These findings differ from some international studies that have found evidence for
adolescents’ consumption declining at all levels (Brunborg et al., 2014; Norstrém &
Svensson, 2014; Oldham et al., 2019; Raninen et al., 2014). However, these studies have
used cross-sectional data and not longitudinal data trajectories and so direct comparison is
not possible. It also appears that adolescents are not simply reflecting changes found among
drinkers in the general population, as the 16 to 17-year-old trajectories differed from those
among the 16 to 65-year-olds.

Other possible explanatory factors

One aspect of the study was to try to explain drinking trajectory membership (Aim 3).
Variables available were those related to policy, social mechanisms, indicators of health
consciousness and demographics.

Some variables were found to predict membership to the heavier drinking trajectory for the

16 to 17-year-olds. These included ethnicity, tobacco or cannabis use (for males only) and

social mechanisms, specifically the social supply of alcohol by a friend. These are some of

the same variables that have been shown to predict heavier drinking in other New Zealand

research (eg, Huckle, Huakau, Sweetsur, Huisman, & Casswell, 2008; Meiklejohn, Connor,
& Kypri, 2012). However, the change in these explanatory variables over the survey waves
had limited ability to explain membership to the trajectory with the greatest rate of decrease
(which was often the heavier drinking trajectory), as no clear patterns were revealed.

For the 16 to 65-year-olds, liking of alcohol adverts was also important in predicting
membership to the heavier drinking trajectory. In New Zealand, and elsewhere, published
research on alcohol advertising has mainly focussed on young people (Chambers et al.,
2018; Jernigan, Noel, Landon, Thornton, & Lobstein, 2017; Lin, Casswell, You, & Huckle,
2012). This study finds that alcohol marketing is also an important predictor for heavier
drinking among adults. Tobacco use, cannabis use, purchasing late and ethnicity also
predicted membership to a heavier trajectory for the 16 to 65-year-olds. Whereas, being of
older age, Asian ethnicity and having a high level of education were protective in relation to
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heavier consumption. However, as with the adolescents, change in these variables over the
survey waves had limited ability to predict membership to the trajectory with the greatest rate
of decrease, as no clear patterns were revealed.

Limitations

This study was not able to include all potentially relevant contributors to changes in alcohol
consumption. The measures included in this study were limited to the measures that were
collected in the surveys. Further, some potentially relevant factors (eg, youth culture) may be
hard to measure/operationalise, at least in a quantitative methods approach. For example,
we were not able to include measures of social media impact. Previous studies have found
mixed results as to the impact on adolescent drinking behaviour. An Australian study found
that taking an interest in health context on social media was one factor, among others,
related to reduced alcohol consumption among those aged 15 to 29 (Raggatt et al., 2019).
However, alcohol marketing is prevalent on the internet and on social media platforms, and
adolescents and young people engage with peers on social network sites in ways that may
promote drinking (Pape et al., 2018). A Norwegian study found that more time spent on
social media was associated with a greater likelihood of heavy episodic drinking among
adolescents (Brunborg, Andreas, & Kvaavik, 2017). Moreover, Twitter and Facebook did not
become widely used until after the declines in youth consumption began (Pape et al., 2018)
and this seems to be the case in New Zealand also.

We conducted multiple imputation to correct for attrition bias. We included longitudinal and
additional cross-sectional replenishment samples to improve the quality of imputation. The
imputation was done on the whole sample distribution which preserves the trend ie, the
method considered the behaviour of all drinkers when imputing. Without the multiple
imputation there would be an underestimation of heavy drinking.

The surveys relied on self-reported responses which may be subject to bias, in particular,
under-reporting. The survey questions used in this current study have previously been found
to have good validity, accounting for over 90% of the alcohol available for consumption in
New Zealand (Casswell, Huckle, Wall, & Yeh, 2014). Under-age adolescents may under-
report more than adults (Stockwell, Zhao, & MacDonald, 2014). Further, under-reporting may
have become less likely as the adolescents became of legal age. However, if this did occur,
it was not to a level sufficient to explain the key findings of the study.

The 16 to 17-year-old sample was contrasted with those aged 16 to 65, which also included
16 to 17-year-olds. As independent samples were collected, this meant that the same 16 to
17-year-olds were not being contrasted (wave 1 for the 16 to 65-year-olds was collected in
2011 and wave 1 for the 16 to 17-year-old sample was collected in 2012). We also found
that even if there was an age effect, the declines in the heavy trajectories among the 16 to
65-year-olds were not mainly explained by the 16 to 17-year-olds. Further the 16 to 17-year-
olds comprised only a small fraction of the 16 to 65-year-olds (3.5%).
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Conclusion and implications

Declines in average quantities were driven mainly by declines in heavy drinkers across the
survey waves. This was found for both adolescents (16 to 17-year-olds) and the wider
population (16 to 65-year-olds). Although declines occurred among the heavier drinkers,
most were still consuming around six or more drinks on a typical drinking occasion at wave
3. The decline among the adolescents who were heavier drinkers did not appear to be
explained by a collective shift of drinking or be reflective of wider changes among the
population. While some policy, social mechanisms and use of tobacco or cannabis
measures predicted belonging to a heavy drinker trajectory, changes in these variables over
the survey waves did little to explain membership to the trajectory with the greatest rate of
decline among adolescents (or adults).

To date there is no consensus in the research literature about why adolescents’
consumption has been declining. The findings of this study are in keeping with the literature.
This raises broad and important questions of what measures future research needs to
investigate. Possible future directions, drawn both from the findings of this study and the
wider literature, include changes in youth culture towards alcohol, such as drinking and
intoxication losing their symbolic power as a rite of passage into adulthood, or a culture of
alcohol maturity in which adolescents are maturing out of the tendency to drink heavily more
quickly than in past generations.

The findings from the trajectory analysis may provide some support for a culture of early
alcohol maturity. Heavier drinking declined as 16 to 17-year-olds reached 20 to 21-years-old
which is earlier than has generally been found in previous research. There may also be a
need to go beyond alcohol-specific factors in our search for the answers and look at broader
societal changes. For example, a comprehensive pattern of lifestyle changes of which
alcohol is one component, a more in-depth assessment of the effects of social media, or a
better understanding of generational differences. Adolescents in the current global context
are experiencing threats of climate and economic influences. These types of broader cultural
and societal shifts may operate cross-country as well, which may provide clues; as while we
have seen declines in adolescent drinking in New Zealand, this trend has also been
occurring in many other high-income countries.

26



References

Alcohol Healthwatch. (2018). New Zealand Health Survey 2017/18: Alcohol use. Retrieved
from http://www.ahw.org.nz/Portals/5/Resources/Fact%20Sheet/AHW _Factsheet
NZ_Health_Survey_2017_18.pdf.

Andersen, A., Rasmussen, M., Bendtsen, P., Due, P., & Holstein, B. E. (2014). Secular
trends in alcohol drinking among Danish 15 year-olds: Comparable representative
samples from 1988 to 2010. Journal of Research on Adolescence, 24, 748-756.
doi:10.1111/jora.12082.

Babor, T., Caetano, R., Casswell, S., Edwards, G., Giesbrecht, N., Graham, K., et al. (2010).
Alcohol: No ordinary commodity research and public policy (2nd ed.). Oxford, UK: Oxford
University Press.

Ball, J., Sim, D., Edwards, R., Fleming, T., Denny, S., Cook, H., & Clark, T. (2019). Declining
adolescent cannabis use occurred across all demographic groups and was accompanied
by declining use of other psychoactive drugs, New Zealand, 2001-2012. New Zealand
Medical Journal, 132(1500), 12-24.

Baska, T., Madarasova-Geckova, A., Baskova, M., & Krajcovi¢, A. (2016). Decline in alcohol
use among adolescents in Slovakia: A reason for optimism? Public Health, 139, 203-208.
doi:10.1016/j.puhe.2016.08.003.

Bhattacharya, A. (2016). Youthful abandon: Why are young people drinking less? London,
UK: Institute of Alcohol Studies. Retrieved from
http://www.ias.org.uk/uploads/pdf/IAS%20reports/rp22072016.pdf.

Boden, J. M., Newton-Howes, G., Foulds, J., Spittlehouse, J., & Cook, S. (2019).
Trajectories of alcohol use problems based on early adolescent alcohol use: Findings
from a 35 year population cohort. International Journal of Drug Policy, 74, 18-25.
doi:10.1016/j.drugpo.2019.06.011.

Brunborg, G. S., Andreas, J. B., & Kvaavik, E. (2017). Social media use and episodic heavy
drinking among adolescents. Psychological Reports, 120, 475-490.
doi:10.1177/0033294117697090.

Brunborg, G. S., Bye, E. K., & Rossow, |. (2014). Collectivity of drinking behavior among
adolescents: An analysis of the Norwegian ESPAD data 1995-2011. Nordic Studies on
Alcohol and Drugs, 31, 389-400. doi:10.2478/nsad-2014-0030.

Casswell, S., Huckle, T., & Pledger, M. (2002). Survey data need not underestimate alcohol
consumption. Alcoholism Clinical and Experimental Research, 26, 1561-1567.
doi:10.1111/j.1530-0277.2002.tb02456.x.

Casswell, S., Huckle, T., Wall, M., & Yeh, L-C. (2014). International Alcohol Control study:
Pricing data and hours of purchase predict heavier drinking. Alcoholism Clinical and
Experimental Research, 38, 1425-1431. doi:10.1111/acer.12359.

Casswell, S., Pledger, M., & Pratap, S. (2002). Trajectories of drinking from 18 to 26:
Identification and prediction. Addiction, 97, 1427-1437. doi:10.1046/j.1360-
0443.2002.00220.x.

Chambers, T., Stanley, J., Signal, L., Pearson, A. L., Smith, M., Barr, M., & Ni Mhurchu, C.
(2018). Quantifying the nature and extent of children’s real-time exposure to alcohol
marketing in their everyday lives using wearable cameras: Children’s exposure via a
range of media in a range of key places. Alcohol and Alcoholism, 53, 626-633.
doi:10.1093/alcalc/agy053.

27



Clark, T., Fleming, T., Bullen, P., Denny, S., Crengle, S., Dyson, B., et al. (2013). Youth’12
overview: The health and wellbeing of New Zealand secondary school students in 2012.
Auckland, NZ: University of Auckland.

Deng, Y., Hillygus, S., Reiter, J., Si, Y., & Zheng, S. (2013). Handling attrition in longitudinal
studies: The case for refreshment samples. Statistical Science, 28, 238-256.
doi:10.1214/13-STS414.

Fuller, E., & Hawkins, V. (2013). Smoking, drinking and drug use among young people in
England in 2013. London, UK: Health and Social Care Information Centre, Lifestyles
Statistics. Retrieved from
http://doc.ukdataservice.ac.uk/doc/7662/mrdoc/pdf/7662_sdd13_report.pdf.

Hallgren, M., Leifman, H., & Andréasson, S. (2012). Drinking less but greater harm: Could
polarized drinking habits explain the divergence between alcohol consumption and harms
among youth? Alcohol and Alcoholism, 47, 581-590. doi:10.1093/alcalc/ags071.

Huckle, T., Casswell, S., Mackintosh, A.-M., Chaiyasong, S., Pham V, C., Morojele, N., et al.
(2018). The International Alcohol Control study (IAC): Methodology and implementation.
Drug and Alcohol Review, 37(Suppl 2), S10-S17. doi:10.1111/dar.12650.

Huckle, T., Huakau, J., Sweetsur, P., Huisman, O., & Casswell, S. (2008). Density of alcohol
outlets and teenage drinking: Living in an alcogenic environment is associated with higher
consumption in a metropolitan setting. Addiction, 103, 1614-1621. doi:10.1111/j.1360-
0443.2008.02318.x.

Jernigan, D., Noel, J., Landon, J., Thornton, N., & Lobstein, T. (2017). Alcohol marketing and
youth alcohol consumption: A systematic review of longitudinal studies published since
2008. Addiction, 112(Suppl 1), 7-20. doi:10.1111/add.13591.

Jones, B., Nagin, D., & Roeder, K. (2001). A SAS procedure based on mixture models for
estimating developmental trajectories. Sociological Methods & Research, 29, 374-393.
doi:10.1177/0049124101029003005.

Lin, E.-Y., Casswell, S., You, R. Q., & Huckle, T. (2012). Engagement with alcohol marketing
and early brand allegiance in relation to early years of drinking. Addiction Research and
Theory, 20, 329-338. doi:10.3109/16066359.2011.632699.

Livingston, M., & Callinan, S. (2017). Changing attitudes to alcohol in Australia. Journal of
Studies on Alcohol and Drugs, 78, 844-852. doi:10.15288/jsad.2017.78.844.

Livingston, M., Callinan, S., Raninen, J., Pennay, A., & Dietze, P. M. (2018). Alcohol
consumption trends in Australia: Comparing surveys and sales-based measures. Drug
and Alcohol Review, 37(Suppl 1), S9-S14. doi:10.1111/dar.12588.

Meiklejohn, J., Connor, J., & Kypri, K. (2012). One in three New Zealand drinkers reports
being harmed by their own drinking in the past year. New Zealand Medical Journal, 125,
28-36.

National Health and Medical Research Council. (2009). Australian guidelines to reduce
health risks from drinking alcohol. Canberra, AU: Commonwealth of Australia.

Norstrom, T., & Svensson, J. (2014). The declining trend in Swedish youth drinking:
Collectivity or polarization? Addiction, 109, 1437-1446. doi:10.1111/add.12510.

Oldham, M., Callinan, S., Whitaker, V., Fairbrother, H., Curtis, P., Meier, P., et al. (2019).
The decline in youth drinking in England—is everyone drinking less? A quantile
regression analysis. Addiction, 115, 230-238. doi:10.1111/add.14824.

28



Pape, H., Rossow, |., & Brunborg, G. (2018). Adolescents drink less: How, who and why? A
review of the recent research literature. Drug and Alcohol Review, 37(Suppl 1), S98-
S114. doi:10.1111/dar.12695.

Pennay, A., Holmes, J., Toérrénen, J., Livingston, M., Kraus, L., & Room, R. (2018).
Researching the decline in adolescent drinking: The need for a global and generational
approach. Drug and Alcohol Review, 37(Suppl 1), S115-S119. doi:10.1111/dar.12664.

Raggatt, M., Wright, C., Dietze, P., Pennay, A., Caluzzi, G., & Lim, M. (2019). Correlates of
reduced alcohol consumption among a sample of young Australians. Alcohol and
Alcoholism, 54, 525-531. doi:10.1093/alcalc/agz057.

Raitasalo, K., Simonen, J., Tigerstedt, C., Makela, P., & Tapanainen, H. (2018). What is
going on in underage drinking? Reflections on Finnish European school survey project on
alcohol and other drugs data 1999-2015. Drug and Alcohol Review, 37(Suppl 1), S76-
S84. doi:10.1111/dar.12697.

Raninen, J., & Livingston, M. (2018). Exploring the changing landscape of youth drinking—
we are still drawing the map. Drug and Alcohol Review, 37(Suppl 1), S6-S8.
doi:10.1111/dar.12808.

Raninen, J., Livingston, M., & Leifman, H. (2014). Declining trends in alcohol consumption
among Swedish youth—Does the theory of collectivity of drinking cultures apply? Alcohol
and Alcoholism, 49, 681-686. doi:10.1093/alcalc/agu045.

Stats NZ. (2019, 26 November). Infoshare. Retrieved 20 December, 2019, from
http://archive.stats.govt.nz/infoshare/.

Stockwell, T., Zhao, J., & MacDonald, S. (2014). Who under-reports their alcohol
consumption in telephone surveys and by how much? An application of the ‘yesterday
method’ in a national Canadian substance use survey. Addiction, 109, 1657-1666.
doi:10.1111/add.12609.

Torrénen, J., Roumeliotis, F., Samuelsson, E., Kraus, L., & Room, R. (2019). Why are young
people drinking less than earlier? Identifying and specifying social mechanisms with a
pragmatist approach. International Journal of Drug Policy, 64, 13-20.
doi:10.1016/j.drugpo.2018.12.001.

Toumbourou, J., Rowland, B., Ghayour-Minaie, M., Sherker, S., Patton, G., & Williams, J.
(2018). Student survey trends in reported alcohol use and influencing factors in Australia.
Drug and Alcohol Review, 37(Suppl 1), S58-S66. doi:10.1111/dar.12645.

White, V., Azar, D., Faulkner, A., Coomber, K., Durkin, S., Livingston, M., et al. (2018).
Adolescents' alcohol use and strength of policy relating to youth access, trading hours
and driving under the influence: Findings from Australia. Addiction, 113, 1030-1042.
doi:1010.1111/add.14164.

Windle, M. (2020). Maturing out of alcohol use in young adulthood: Latent class growth
trajectories and concurrent young adult correlates. Alcoholism Clinical and Experimental
Research, 44, 532-540. doi:10.1111/acer.14268.

World Health Organization. (2014). Behaviours affecting current and future health—tobacco
use. Retrieved from http://apps.who.int/adolescent/second-
decade/section4/page8/Tobacco-use.html.

Zeebari, Z., Lundin, A., Dickman, P. W., & Hallgren, M. (2017). Are changes in alcohol
consumption among Swedish youth really occurring ‘in concert’? A new perspective using
quantile regression. Alcohol and Alcoholism, 52, 487-495. doi:10.1093/alcalc/agx020.

29



Appendices

Appendix 1
Appendix 2
Appendix 3

Appendix 4

Full description of multiple imputation
Participant demographics
Models predicting heavier quantity trajectory membership

Change in measures over the survey waves predicting trajectory membership

30



Appendix 1: Full description of multiple imputation

Multiple imputation via chained equations was used to control for any bias due to attrition
(Deng et al., 2013). This was done separately for the 16 to 19-year-old sample and the 16 to
65-year-old sample. Respondents who completed a survey at wave 1 were imputed for any
future waves, if they had missing data, to allow for a complete longitudinal sample 2011
through 2015 (or 2012 through 2015 in the case of the adolescent sample). All data,
including replenishment samples, were used to inform the imputation (replenishment
samples were not included directly in the analysis, only to inform the imputation). Models
were built to impute the data (using all variables outlined in the measures section). The
imputation models identified people that were lost to follow-up (binary variable) as well as
missing observations measured at the baseline time (wave 1) (eg, social supply variables).
Imputation was undertaken for all variables included in the analysis, except for age that was
fully recorded over the three waves.

One hundred imputed datasets were used for each sample (aged 16 to 17 and 16 to 65).
The number of imputations recommended depend on the particular dataset and modelling
strategy (or complexity of the outcome to analyse). There are some rules based on response
rate but only point estimates are reliable. Also, a small number of imputations might not be
adequate for inferential goals (confidence intervals and p values). Our strategy was trying to
keep the relative efficiency (a compromise between the fraction of missing information and
the number of imputations) high, ie, close to 1 (or 0.99).

Full description of trajectory analysis (Aim 3)

The trajectory analysis focused on quantity of alcohol consumed on a typical drinking
occasion given this measure is related to acute harm. Further, the only increase in frequency
of drinking found in Aim 1 & 2 was for the 16 to 17-year-olds and this was most likely
because they became legally able to purchase by the second and third surveys.

A trajectory analysis of quantity of alcohol consumed on a typical drinking occasion was
implemented using the method of Jones et al. (2001) considering a censored normal
distribution for the outcome. In this method, a trajectory is represented by a polynomial of
order three, or less, that relates the variables of interest to time. The user specifies the
number of trajectories to fit the data and the order of the polynomial for each trajectory.
Trajectory parameters are estimated, and individuals are assigned to a trajectory group on a
probability basis. Trajectory groups are not pre-specified.

To determine the number of trajectories, between two and six trajectory groups were tested
in the models. More than six groups were not tested as they became not significant (groups
with almost zero frequency). Constant, linear and quadratic trajectories were fitted. Cubic
trajectories were not significant given the low number of waves involved.
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We estimated the trajectories assuming a censored normal distribution for the log of typical
occasion quantity. Different trajectories (groups) were estimated depending on the
subsample analysed. Bayesian Information Criterion (BIC) was used for model selection
among fitted models in a specific subsample.

Note that this full process was repeated over the imputed datasets. Point estimates,
standard errors, confidence intervals and p values were obtained using PROC MIANALYSE
in SAS 9.4, after adapting the output generated by the estimation of the trajectory groups.

Trajectory analysis was conducted for males and females separately to understand if
trajectories differed between these groups.

Trajectory analysis was undertaken in SAS 9.4 by implementing the Proc Traj SAS macro
(see Jones et al., 2001).

Once the respondents had been assigned to a trajectory group, ordinal logistic regression
models were used to find variables to predict group membership. As the assumption of
proportionality did not hold, adjacent-category logit regression models were used when
modelling more than two groups.

Socio-demographic variables, policy measures, social mechanisms and other health
behaviours observed at the first wave were used to predict whether a respondent belonged
to a trajectory group with heavier consumption. Additionally, some interactions were tested
among the socio-demographic covariates, but they were not significant. Performance of the
logistic models was assessed by checking the proportional odds assumption (that was
rejected in almost all the samples, the exception was the youth male sample since only two
trajectory groups were estimated) and the Hosmer-Lemeshow test. If there were problems of
convergence in the estimation procedure (for example, due to categories without frequency
for some predictors), this covariate was not included in the model. Ethnicity in the youth male
sample could not be included in the model because the category “Pasifika people” was very
low in frequency. But overall, ethnicity is a “risk factor” for heavier drinking. All other
variables were available for each sample.

A second set of logistic regression models was used for assessing if the changes in these
measures were related to trajectory membership (specifically the trajectory that showed the
greatest rate of decrease). The estimated trajectory membership (groups) was treated as the
outcome.

For each predictor measured over the three waves we considered four "change" categories:
two of no change in their preferences/behaviour, ie, those that did not like/did not consume
or did like/did consume (000 or 111) over the three waves, and those that reported
disliking/not consuming or liking/consuming at the last wave (xx0 or xx1). For example, a

32



respondent who liked alcohol advertising over the three waves was categorised as 111, and
someone that did not like alcohol advertising at all over the study period was categorised as
000. Changes in late purchasing of alcohol were assessed only for the years 2011 and 2013,
as in 2015 it was illegal to purchase and consequently numbers were too small for analysis.
Satisfaction with health was excluded from the youth male sample as category “000” had
very few observations. Otherwise all other variables were available for each sample.

All the analyses were carried out by gender and by combining the model results over
approximately 100 imputed datasets.
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Appendix 2: Participant demographics

Table 1: Demographic composition of the 16 to 65 and 16 to 17-year-old samples.

Demographic composition

Demographic composition

of 16 to 65-year-olds Percent of 16 to 17-year-olds Percent
Age group Age group
16-17 3.5 16-17 100
18-19 5.2
20-24 8.4
25-44 44
45-54 20.5
55+ 18.5
Gender Gender
Female 50.4 Female 47.6
Male 49.6 Male 52.4
Prioritised Ethnicity Prioritised Ethnicity
Maori 10.2 Maori 11.7
Pasifika 3.7 Pasifika 7
Asian 7.1 Asian 7
NZ European 791 NZ European 74.3
Education Education
Low 9.8 Low 18.9
Medium 45.9 Medium 81.1
High 44.3 High -
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Appendix 3: Models predicting heavier quantity trajectory membership

Table 2: Model results for 16 to 17-year-olds predicting heavier quantity trajectory membership.

. Quantity consumed on a typical
Young drinkers aged 16 to 17 Lo .
drinking occasion

Group trajectories Men Women
# Groups 2 3

. o) . 0,
% groups G1:32%, G2:68%  CO 6G/g’_ 35%44 ,
Effect Men Women

Age at baseline

Education: Medium vs low

Maori vs NZ European +
Pasifika vs NZ European

Asian vs NZ European -

Policy-related variables

Time to purchase alcohol: less than
5 mins vs more than 5 mins

Notice alcohol adverts
Like alcohol adverts
How affordable is alcohol

Frequency of being asked for identification:
All/most of the time vs
Sometimes/occasionally

Supplied alcohol by parent
Supplied alcohol by relative

Supplied alcohol by friend + +

Other variables

Received help for drinking

Tobacco use + +
Cannabis use last six months +

Satisfaction with own health

Notes.

e Where cells are blank this is because estimates were not statistically significant.

e Where cells = + this denotes a statistically significant positive association.

e Where cells = - this denotes a statistically significant negative association.

e The trajectories were estimated assuming a censored normal distribution for the log of quantity of alcohol
consumed on a typical drinking occasion. Estimates do not need to be transformed for interpretation.
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Table 3: Model results for 16 to 65-year-olds predicting heavier quantity trajectory membership.

Quantity consumed on a typical

Drinkers aged 16 to 65 - .
drinking occasion

Group trajectories Men Women
# Groups 3 5
G1: 5%, G2: 40%,
% groups G1: 30%, G2: 53%, G3: 41%, G4: 11%,
G3: 18% G5: 3%
Effect Men Women
Age - -

Education: Medium vs low -
Education: High versus low - -
Maori vs NZ European + +
Pasifika vs NZ European + +

Asian vs NZ European - -

Policy-related variables

Time to purchase alcohol: less than 5 mins vs
more than 5 mins

Notice alcohol adverts

Like alcohol adverts + +
How affordable is alcohol

Purchase alcohol off-premises after 11pm +

Purchase alcohol on-premises after 3am

Other variables

Received help for drinking

Tobacco use + +
Cannabis use last six months + +

Satisfaction with own health -

Notes.

e Where cells are blank this is because estimates were not statistically significant.

e Where cells = + this denotes a statistically significant positive association.

e Where cells = - this denotes a statistically significant negative association.

e The trajectories were estimated assuming a censored normal distribution for the log of quantity of alcohol
consumed on a typical drinking occasion. Estimates do not need to be transformed for interpretation.
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Appendix 4: Change in measures over the survey waves predicting

trajectory membership

Table 4: Model estimates for 16 to 17 and 16 to 65-year-olds predicting if change in variables
across the survey waves predict membership to trajectory with greatest rate of decrease.

Parameter Estimates

Estimate Std Error 95% Conf Limit

P-value

Youth 16-17 male - Treajectory group 2
(declined) vs group 1
Parameter Estimates (98 Imputations)

Parameter Tobacco Estimate Std Error 95% Conf Limit
Intercept 0.323 0.203 -0.075 0.720
tobacco_new 111+xx1  1.595 0.646 0.325 2.865
tobacco_new xx0 2.031 0.951 0.166 3.896
Note: satisfactionhealth could not be

included, category 000 very few obs.

Youth 16-17 female - group 3 (declined) vs groups 1+2

Parameter Estimates (100 Imputations)

Parameter Tobacco Cannabis Estimate Std Error 95% Conf Limit
Intercept -0.734 0.363 -1.448 -0.021
tobacco 111 1.808 0.920 0.002 3.614
tobacco xx0 0.460 0.610 -0.737 1.657
tobacco xx1 0.647 0.670 -0.669 1.962
cannabis 111 0.830 0.740 -0.622 2.281
cannabis xx0 1.377 0.600 0.200 2.555
cannabis xx1 0.530 0.496 -0.443 1.503
Note: satisfactionhealth could not be

included, category 000 very few obs.

16-65 years male - group 3 (declined) vs groups 1+2

Parameter Estimates (100 Imputations)

Parameter Late purchasing Tobacco Cannabis Estimate Std Error 95% Conf Limit
Intercept -1.553 0.153 -1.855 -1.251
onoff1113 01 0.560 0.388 -0.203 1.323
onoff1113 10 0.648 0.228 0.200 1.096
onoff1113 11 0.678 0.302 0.086 1.270
tobacco 111 0.798 0.209 0.388  1.207
tobacco xx0 0.316 0.218 -0.112 0.744
tobacco xx1 0.574 0.237 0.108 1.039
cannabis 111 0.962 0.297 0.378 1.546
cannabis xx0 0.596 0.212 0.181 1.011
cannabis xx1 0.448 0.217 0.023 0.874
16-65 years female - group 4 (declined)

vs groups 1+2+3 - group 5 not included

Parameter Estimates (95 Imputations)

Parameter Late purchasing tobacco cannabis Estimate Std Error 95% Conf Limit
Intercept -3.034 0.449 -3.923 -2.145
onoff1113 01 0.299 0.725 -1.124 1.722
onoff1113 10 0.884 0.445 0.009 1.758
onoff1113 11 0.245 0.818 -1.360 1.850
tobacco 111 1.417 0.343 0.743  2.090
tobacco xx0 1.162 0.333 0.507 1.816
tobacco xx1 1.005 0.424 0.172 1.838
cannabis 111 1.227 0.585 0.078 2.376
cannabis xx0 0.849 0.368 0.127 1.572
cannabis xx1 0.766 0.417 -0.053 1.584

P-value
0.112
0.0139*
0.0329*

P-value
0.044
0.0498*
0.451
0.335
0.262
0.0219*
0.286

P-value
<.0001
0.150
0.0046*
0.0249*
0.0001*
0.148
0.0158*
0.0013*
0.005*
0.0388*

P-value
<.0001
0.680
0.0476*
0.765
<.0001*
0.0005*
0.0182*
0.0364*
0.0213*
0.067

Notes. Estimates are regression coefficients. Where imputations are less than 100, a few were removed due to
some convergence problems in the estimation of the parameters. This is because there were low or zero
frequencies in some categories. The outcome is the trajectory group membership.

37



Full description of findings: Did change in variables across the three
survey waves predict membership to the trajectory with the greatest rate
of decrease?

Males, 16 to 17-year-olds

Among young male smokers, those who stopped smoking tobacco by 2015 were 7.6
times more likely than non-smokers to be in Group 2 (heavier drinkers) relative to
Group 1.

Those who were tobacco smokers in all waves or reported smoking by 2015 (these
two groups were combined in the analysis due to low numbers) were five times more
likely than non-smokers to be in Group 2 relative to Group 1.

No changes in the other variables included in the model predicted membership to
Group 2.

Females, 16 to 17-year-olds

Among cannabis users, those who stopped by 2015 were four times more likely than
non-cannabis users to be in Group 3 (relative to Group 1 and 2).

Young females who smoked tobacco consistently (each wave 2012, 2013 and 2015)
were 6 times more likely to be in Group 3 relative to non-smokers.

Males, 16 to 65-year-olds

Among late purchasers of alcohol, those who stopped purchasing late by wave 2
(2013) were 1.9 times more likely than non-late purchasers to be in Group 3 (relative
to the other groups).

Consistently purchasing late, however, was also associated with being in Group 3
(1.9 times more likely relative to non-late purchasers).

Respondents who consistently smoked tobacco ie, at each wave or smoked by wave
3 (2015) were more likely to be in Group 3 (relative to respondents who were non-
smokers in each wave). This was not the case, however, for respondents who had
stopped smoking by wave 3.

Cannabis use was related to membership in Group 3 whether respondents changed
their cannabis use across the waves or consistently used cannabis at each wave.

Females, 16 to 65-year-olds

Females who purchased late in wave 1 but stopped by wave 2 were 2.4 times more
likely than non-late purchasers to be in Group 4 (relative to the other groups).
Tobacco smoking was associated with being in Group 4 relative to non-smokers (this
was the case whether respondents changed their tobacco smoking across the waves
or consistently smoked tobacco at each wave).

Cannabis users, relative to non-cannabis users, were more likely to be in Group 4
(excluding those who used cannabis by wave 3 in 2015).
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