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Abstract

Background and Aims—Changes in cannabis legalization and availability in Australia
necessitate monitoring use and attitudes. We estimated age-period-cohort effects of past-year
cannabis use and attitudes toward criminalization and legalization.

Design—Analysis of six waves of the Australian National Drug Strategy Household Survey
(NDSHS) every 3 years (2001-2016).

Setting and participants—The study was nationally representative of Australian households
using multistage random sampling, totaling 145168 respondents 18—79 years old. Data were
collected using telephone, face-to-face, and drop-and-collect. Sample sizes per analysis varied
based on data availability (~107000-127000 per model).

Measurements—Six waves of data for past-year cannabis use (by sex and education), attitudes
toward criminalization and legalization.

Findings—Past-year cannabis use decreased in young adults ages 18-35 from 2001-2016
(25.1%-18.6%) and increased in middle adults ages 36-55 (8.6%-10.1%) and older adults ages
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56-79 (0.6%—3.0%). We observed a positive period effect and negative cohort effect for recent
cohorts for past-year use (e.g. 1955 cohort had 1.41 (95% CI: [1.11, 1.70]) increased log odds vs.
1998 cohort had —2.86 (95% ClI: [-3.17, —2.55]) increased log odds) compared with the mean
across years. Results were consistent by sex and varied by education. We observed a negative
period effect for criminalization favorability (0.14 (95% CI: [0.003, 0.28]) increased log odds in
2001 vs. —0.31 (95% CI: [-0.45, —0.17]) increased log odds in 2016) and positive cohort effect for
recent cohorts. Last, we observed a positive period effect for legalization support (-0.03 (95% ClI:
[-0.20, 0.14]) increased log odds in 2001 vs. 0.38 (95% CI: [0.22, 0.55]) increased log odds in
2016) and negative cohort effect for recent cohorts.

Conclusion—Cannabis use appears to be increasing in Australia among adults over 35, while
decreasing among adolescents and young adults. Legalization support also appears to have been
increasing since 2007, signaling discordance between use and attitudes among adolescents and
young adults, and potentially predicting increases in use over time.

Keywords
Age-period-cohort; Australia; cannabis; cannabis policy; legalization; time trends; Australia

INTRODUCTION

In 2016, cannabis was the most commonly used illegal substance in Australia, with 10.4% of
Australians 14 years or older reporting past-year use [1]. However, from 2001-2016 past-
year cannabis use has generally declined among those aged 14-39 but either increased or
remained stable for those ages 40 or older [1]. These differential age patterns within larger
population trends suggest that cohort effects may influence recent cannabis use trends.

Laws regarding cannabis access have changed variably across countries. The United States
(US) states are increasingly legalizing cannabis use [2], and in 2018, Canada passed the
Cannabis Act, legalizing adult-only cannabis use nationwide [3]. However, Australian
cannabis laws and policies have changed more slowly [4]. Several Australian states
decriminalized cannabis use in the 1980s—1990s [5], and in 2019 the Australia Capital
Territory became the first territory to legalize adult cannabis use [6]. However, cannabis use
remains illegal under federal law [6]. Public knowledge of legislation adds further
complexity. AUS study found that adolescents had lower knowledge of medical cannabis
laws (MCL) than adults, adjusting for state-level cannabis use prevalence, MCL enactment,
and open dispensaries [7]. Accumulating evidence indicates that cannabis use is changing at
different rates than policy and attitude changes [8], suggesting that drivers of each should be
considered as separate time-varying processes.

Examining age-period-cohort trends in cannabis use and attitudes toward use is critical to
understanding how these outcomes portend changes in use over time. Existing research
indicates that attitudes toward cannabis among young cohorts are becoming more favorable
with no comparable changes in use [8], suggesting different underlying processes by age,
period, and cohort. Age-period-cohort (APC) models identify particular cohorts at historical
time periods that have high rates of use and allow us to examine how environmental changes
affect health outcomes through period and/or cohort effects. Period effects refer to the
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variance over time in exposures that affect all age groups; for example, changes in cannabis
legalization may manifest as period effects as they may influence access, availability, and
use across age. Cohort effects refer to variance over time in exposures that affect age groups
differently; for example, baby-boomers in the United States had higher rates of cannabis use
in adolescence compared with previously born and later-born cohorts, coinciding with global
political events and drug access, and these cohorts have maintained a unique rate of use
through adulthood [9-11]. Existing APC analyses in several countries indicate that cannabis
use trends have been driven by period and cohort effects to varying degrees. For example,
US data indicate that past-month cannabis use increased in recent years, and 1950s cohorts
had higher past-month use compared to 1940s cohorts [12]. However, age effects remained
the strongest determinant of use, with peaks in young adulthood [12]. Another US study
found that recent cannabis use increases were driven mostly by period effects, with both men
and women exhibiting increases in recent years [13]. Frequent cannabis use also increased
among US adolescents in recent decades with recent cohorts having a lower increase in use
than older cohorts, consistent across sex, parental education, and race/ethnicity [14]. Other
studies corroborate these observed cohort trends by sex. A meta-regression analysis of birth
cohorts from 1941-1995 in 30 countries indicated sex convergence in cannabis use among
recent cohorts [15]. Outside of the United States, an age-period-cohort analysis of past-year
cannabis use in Germany revealed significant negative age effects comparable across sex,
with no significant period or cohort effects, and that education had a negative influence on
past-year cannabis use among men [16]. Additional studies have examined APC effects of
legalization support. US adults have shown increases in legalization support beginning in the
early 1990s coupled with steep declines in support as age increases and minimal cohort
effects [17,18].

The evolving legal landscape of cannabis use in Australia warrants up-to-date APC analyses
to monitor changes in use and legalization support. Furthermore, previous studies indicate
that there may exist age-related trends in cannabis use [1,19]. The present study uses
nationally representative data for 18—79 year-olds from the Australian National Drug
Strategy Household Survey (NDSHS) (2001-2016) to examine past-year cannabis use trends
and legalization attitudes. We use hierarchical age-period-cohort (HAPC) models to parse
APC effects at the population level. We also conduct subgroup analyses by sex to test
whether, similar to the United States [13], both men and women would exhibit increases in
cannabis use observed through similar period effects. Last, we conduct subgroup analyses by
educational attainment to test whether cannabis use trends among individuals with lower
educational attainment would remain unchanged as observed in other studies [20], exhibited
through flatter period effects.

METHODS

Data

We obtained data from NDSHS, a nationally representative household-level survey of
Australians aged 14+. Australian Institute of Health and Welfare (AIHW) conducts this
survey every 3 years since 1985 and uses multistage random sampling with stratification by
state, territory, and part of state [1]. Methods of data collection changed over time, including
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telephone, face-to-face, and drop-and-collect. The 2004 survey used different data collection
methods, and differences in prevalence of lifetime cannabis use were minimal (31.9%-
35.2%), suggesting pooled analyses will produce consistent estimates [21]. Weights were
assigned to produce a representative sample of English-speaking Australians residing in
private dwellings and incorporated geographical stratification, household size, age, and sex
[22]. Survey response rates were relatively consistent across the study period, ranging from
46.0% in 2004 to 51.6% in 2007 [1,21,23]. Non-response rates for variables used in our
analysis were low, with the highest percentage of missingness pertaining to the question on
education (4.0%). Participants with missing data were excluded.

We excluded respondents aged 80+ because of the lack of disaggregated age data in some
survey waves and less than 18-year-olds as there were not enough cohort years to reliably
estimate cohort effects. Therefore, the overall sample used six survey waves from 2001-
2016, comprising 145168 respondents. Sample sizes for analyses varied based on
availability of data and ranged from ~107000-127000 per model.

Cannabis use—The NDSHS contains questions on cannabis use and attitudes toward use.
Past-year cannabis use was estimated from the question: “Have you used marijuana/cannabis
in the past 12 months? Yes/No”. Support for cannabis use criminalization was assessed
using the question: “Do you think the possession of small quantities of marijuana/cannabis
for personal use should be a criminal offense, that is, should offenders get a criminal record?
Yes/No/Don’t know”. Support for cannabis use legalization was assessed using the question:
“To what extent would you support or oppose the personal use of marijuana/cannabis being
made legal? Strongly support/Support/Neither support or oppose/Oppose/Strongly oppose/
Don’t know enough to say”. Minor wording changes occurred after 2001 in cannabis use
questions; in 2001 cannabis was described as “marijuana (or cannabis)” and thereafter
“marijuana/cannabis”. In addition, “don’t know” became an option for the latter two
questions after 2001. These responses were dropped for consistency across years. Last, the
question on legalization support was not asked of all respondents in 2007 and was omitted
for those completing the survey using the computer-assisted telephone interviewing (CATI)
phone interview (15.2% of the sample).

Period and birth cohort—Period was defined as the year in which the survey was
conducted: 2001, 2004, 2007, 2010, 2013, and 2016. Cohort was calculated as survey year
(period) minus the respondent’s age that year. To mitigate the effects of recall bias among
older cohorts, we combined cohort years 1922-1940. All other cohorts were analyzed as
individual years. Both period and cohort were modeled as categorical variables.

Sociodemographics—Sex (male vs. female), age (examined categorically in descriptive
analyses and continuously in HAPC modeling), and education (completed vs. did not
complete 12th grade) were included as covariates.
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Descriptive analyses were conducted to summarize age-specific trends of past-year cannabis
use from 2001-2016. We then conducted APC analysis, which historically has been
challenging as a result of the “identification problem” that occurs because of linear
dependency of these variables (period = cohort + age) [24-28]. HAPC models circumvent
this issue by modeling cross-classified random effects in which age and other individual-
level data are considered fixed effects and periods and birth cohorts are considered random
effects [24-28]. Therefore, the three variables are not assumed to be additive or linear as
they would in a conventional regression, with all three variable simultaneously in the model.
Rather, age effects are assumed to be fixed effects describing the overall variation in the
outcome attributable to age, whereas period and cohort effects are random variables that
describe overall variation in the intercept of the model across periods and cohorts [28].
Numerous demonstrations suggest that APC models can be estimated that allow period and
cohort effects to be appropriately identified [24-28]. In considering how to interpret effects,
the period effect indicates the overall change across time, controlling for age, and cohort
variation. The cohort effect indicates how much that magnitude of change varies by birth
cohort (averaged across ages). Therefore, a negative cohort effect suggests that period effect
magnitude was more negative for that birth cohort compared to the mean of all birth cohorts.
We estimated HAPC models of past-year cannabis use, attitudes toward criminalizing use,
and attitudes toward supporting legalization, adjusting for the aforementioned covariates. We
also conducted stratified analyses for past-year use by sex (controlling for age and
education) and by education (controlling for sex and age) to compare with trends in other
studies [14-16]. HAPC analyses were conducted in SAS, version 9.4 [29]. Graphs were
generated in ggplot2 [30] in R.

Furthermore, we estimated the median odds ratio (MOR) to provide an estimate of effect
sizes of period and cohort variation. MOR provides an intuitive measure of group-level
effect size [31] and is equal to or greater than one [31,32]. If MOR is one, there is no
difference in cannabis use outcomes among individuals in different periods or cohorts. MOR
larger than one indicates that the prevalence of cannabis use outcomes differs by period and
cohort and that controlling for individual-level covariates, period, and cohort are associated
with differences in cannabis use outcome prevalence. The covariance for the MOR indicates
the degree of correlation within two individuals from the same birth cohort that is not
attributable to individual-level shared risk factors. We used the period and cohort covariance
parameters from the HAPC models with the formulae from Merlo et a/. to estimate MOR

(MOR — e\/Z X Area Level Variance o 0.6745) [31]

HAPC models have been criticized as being sensitive to modeling assumptions [33,34],
namely that period and cohort effects are governed by mechanisms that are roughly similar
between groups and independently operate within groups, and these effects are distributed
independently of individual-level regressors [27]. Failure to satisfy these assumptions will
result in misleading estimates. Although all regression models are sensitive to modeling
assumptions [35], to test our models’ robustness we conducted sensitivity analyses using the
Clayton and Schifflers approach for estimating APC effects [36,37], which has been
performed on many other data [14,38-42]. In this approach, we estimated a parameter for
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the linear effect of age and the sum of the linear effects across time of period and cohort
effects (termed “drift”). We estimated first and second-derivatives of the drift and regressed
them on period and cohort to estimate relative risks for each. We chose 1959 as the reference
cohort and 2007 as the reference period because they are the mid-points of each distribution,
respectively. Modeling was conducted using “apc.fit” in the “Epi” R package [43].

The analysis was not pre-registered and the results should be considered exploratory.

Approximately 11% of participants reported past-year cannabis use in 2016. Prevalence of
past-year cannabis use was highest among 18-22 year-olds and lower in older groups (Fig.
1). Over time, cannabis use decreased in young adults ages 18-35 (25.1%-18.6%) and
increased in middle-aged adults ages 36-55 (8.6%—10.1%) and older adults ages 56—79
(0.6%-3.0%). Overall prevalence of past-year use was 13.9% for males and 8.0% for
females. By education, overall prevalence of past-year use was 11.7% for those who
completed 12th grade and 9.8% for those who did not.

Past-year cannabis use

Figure 2 describes period and cohort effects in cannabis use prevalence (Supporting
Information Fig. S1 provides predicted probabilities by age). Overall, there is a positive
period effect and a strong negative cohort effect for recent cohorts. Older cohorts had 1.18
(95% CI: [0.88, 1.48]) to 1.41 (95% CI: [1.12, 1.71]) increased log odds of recent cannabis
use to the overall mean, but recent cohorts had —2.08 (95% CI: [-2.38, —1.78]) to —2.86
(95% ClI: [-3.17, —2.55]) increased log odds to the overall mean.

Table 1 provides the period and cohort effects MOR, overall and by sex and education. The
period effect MOR in past-year cannabis use was 1.37 (period covariance = 0.19, 95% CI:
[0.07, 1.15]). Therefore, individuals from different periods with shared demographics had a
median of 1.37 increased odds of heterogeneous cannabis use compared with individuals in
the same period; in short, cannabis use clustered by period independently of individual-level
odds of use. The cohort effect MOR in past-year cannabis use was 1.58 (cohort covariance =
1.29, 95% CI: [0.91, 1.95]). Therefore, the heterogeneity between cohorts was 1.58 higher
than the individual odds of cannabis use among two individuals randomly chosen from
different cohorts. In other words, cohorts shared odds of cannabis use that was not attributed
only to individual-level factors. Results for past-year cannabis use were consistent by sex,
with an increasing period effect, and declining cohort effect (Fig. 3) and relatively stable
MOR (Table 1). However, we observed a larger cohort effect for those who completed 12th
grade (Fig. 4), consistent with MOR (MOR = 2.93 vs. MOR = 1.34) and non-overlapping
cohort covariance confidence intervals (95% CI: [5.13, 10.92] vs. 95% CI: [0.37, 0.78]).

Similar to the HAPC method, sensitivity analyses using the Clayton and Schifflers approach
[36,37] revealed an increasing period effect in more recent periods and decreasing cohort
effect in more recent cohorts, with consistency by sex but varying cohort effects by
education (Supporting Information Figs. S2, S3, and S4).
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Attitudes toward criminalization

Figure 5 describes period and cohort effects for the prevalence of favoring criminalization.
We observed a negative period effect and positive cohort effect for recent cohorts. Whereas
older cohorts had —0.08 (95% CI: [-0.12, —0.04]) to —0.22 (95% CI: [-0.26, —0.18])
decreased log odds of favorable attitudes to the overall mean. The most recent cohort had
0.53 (95% CI: [0.50, 0.57]) increased log odds to the overall mean. The period effect MOR
was 1.14 (period covariance = 0.03, 95% CI: [0.01, 0.18]), and the cohort effect MOR was
1.06 (cohort covariance = 0.02, 95% CI: [0.02, 0.03]) (Table 1).

Sensitivity analyses also revealed decreasing period effect in more recent periods and
increasing cohort effect in more recent cohorts (Supporting information Fig. S5).

Attitudes toward supporting cannabis legalization

Figure 6 describes period and cohort effects for the prevalence of cannabis legalization
support. We observed a positive period effect beginning in 2007 and a negative cohort effect
for recent cohorts compared to older cohorts, especially those born in the 1950s. Older
cohorts had 0.08 (95% ClI: [0.01, 0.14]) to 0.35 (95% CI: [0.29, 0.41]) increased log odds of
supporting legalization to the overall mean, but the most recent cohort had -0.82 (95% Cl:
[-0.88, —0.75]) increased log odds to the overall mean. The period effect MOR was 1.17
(period covariance = 0.04, 95% CI: [0.02, 0.26]), and the cohort effect MOR was 1.10
(cohort covariance = 0.06, 95% CI: [0.04, 0.09]) (Table 1).

Sensitivity analyses also revealed decreasing period effect in more recent periods and
increasing cohort effect in more recent cohorts (Supporting Information Fig. S6).

DISCUSSION

This study is the first to use nationally representative Australian data to examine APC effects
of past-year cannabis use and legalization attitudes. We document increasing period effects
in past-year use and decreasing cohort effects. These results are consistent with descriptive
data indicating mid-life increases in use in Australia. Past-year use increased alongside
favorable attitudes toward cannabis, with notable exceptions. We observe declining trends in
criminalization support, particularly among 1950s and 1960s birth cohorts, with more
restrictive attitudes among recent cohorts, although the cohort effect levels off after 1990.
We also see increases in legalization support since 2007. However, recent cohorts’
legalization support was lower than mid-20th century cohorts.

These results are similar to APC effects observed in other countries. US studies found an
increasing period effect for past use in later survey years, especially among mid-20th
century birth cohorts [12,13], with the strongest cohort effect for past-month use observed
among the 1950 cohort [12]. Similarly, cannabis use increased dramatically in cohorts born
post-1945 compared to pre-1945 [13]. These results are consistent with a historical
liberalization of cannabis use in the 1960s—1970s across countries, including the United
States [44], the United Kingdom [45], Canada [46], and Australia [47], coinciding with these
cohorts’ transition into young adulthood. Our results also indicate that these cohorts
decreasingly favored criminalization and increasingly supported legalization, consistent with

Addiction. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kaur et al.

Page 8

increasing use among Australian youth in the 1970s [47]. In sum, our results along with the
aforementioned studies indicate that as people born in the mid-20th century entered
adulthood, their rates of cannabis use and legalization support increased, in an overall
political environment that favored decriminalization.

Other results from our study also support existing findings. Our subgroup analysis of past-
year cannabis use indicates little variation in period and cohort effects by sex; given that
gender differences in cannabis use has been declining in recent cohorts [9,15], these data
indicate that period and cohort effects are similar within gender groups, suggesting that
convergence in gender differences are potentially because of slope acceleration in the cohort
effect rather than qualitative differences in period and cohort effects. Analyses focused on
testing potential gender by cohort interactions are an important next step. We observed
stronger positive period effects and stronger negative cohort effects among those who
completed 12th grade, suggesting that past-year cannabis use is increasing faster in this
group, but the magnitude of increase is not as strong among the youngest cohorts. The
minimal period and cohort effect among those who did not complete 12th grade is consistent
with an Australian study that found that frequent cannabis use rates have remained
unchanged in this group [20]. Therefore, our results along with other studies [20,48] suggest
that educational attainment may differentially predict trends in cannabis use. In addition, we
found a positive period effect for cannabis legalization support, consistent with two US
studies [17,18]. However, we found a negative cohort effect for recent cohorts, whereas the
aforementioned studies found minimal cohort effect [17,18]. The reasons why cannabis use
is declining in younger cohorts remain unknown but is a pattern observed for other
substances such as alcohol [49], and externalizing behaviors such as deviance and crime
[50], suggesting that cannabis use patterns can be generalized to other behaviors. As trends
in cannabis use continue being uncovered, assessing commonality in risk factors for other
substance use is critical.

These results suggest a dismantling of the expected parallel relationship between cannabis
use and legalization attitudes. \We observe decreasing past-year use among young adults and
increasing legalization support, albeit a slower increase than among older adults. This is
consistent with US data that show increases in adolescent cannabis use have not
accompanied rapid decreases in risk perception, signaling discordance portending increases
in adolescent use over time [8]. Less restrictive attitudes may foreshadow future increases in
use, especially within the context of other substance use trends. Historically, alcohol [51,52]
and tobacco use [52] have been associated with an increased risk for subsequent cannabis
use. However, alcohol and tobacco use are declining in Australia [1] and, therefore,
adolescents have lower risk for cannabis use initiation. This may reflect the dampening of
potential cannabis use increases that would have occurred if alcohol and tobacco use
increased [53]. Nevertheless, as attitudes toward cannabis become favorable and availability
increases [4,6], decreases in tobacco and alcohol use may be insufficient in decreasing youth
cannabis use. Although cannabis decriminalization may have social benefits such as
decreased drug-related arrests [54,55], assessment of potential relationships between
increased availability and increased harms associated with use is critical. For example, data
from the United States indicate that MCL and dispensaries were associated with traffic
fatality reduction [56]. However, MCL have also been associated with increased risk of
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cannabis use disorder [57,58] and their associations with reducing prescription opioid
mortality have been inconsistent and inconclusive [59].

Our study has several limitations. We used cross-sectional surveys and did not have
longitudinal information on the life course of individuals from varying birth cohorts, which
is ideal for HAPC modeling. The data are also self-reported and, therefore, may be
susceptible to recall and reporting bias. The survey instrument experienced slight wording
changes over time, leading to possible inconsistencies in question interpretations. Although
alternative explanations for the large cohort covariance for 12th grade completion are
possible, we did not have sufficient information for different educational cut-points to test
alternative hypotheses. It is also possible that other concurrent trends not addressed in this
study may affect cannabis use trends. Standard errors for cross-classified random effects
models did not incorporate the complex survey design weights, which may affect confidence
interval ranges. Last, high-risk populations, such as incarcerated or homeless individuals,
were not reached in the household survey and were excluded.

The ever-changing landscape of cannabis legalization and availability necessitate the
monitoring of changes in use and attitudes toward legalization. This study provides evidence
that although variance in past-year cannabis use prevalence is increasing over time,
prevalence is decreasing among recent cohorts. Variance in legalization support prevalence
is also increasing, signaling discordance between use and attitudes among young adults
portending a rise in use in this group as cannabis becomes increasingly legalized.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Trends in Past-year Cannabis Use by Age Category
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Figure 1.
Trends in past-year cannabis use by age group in six waves of the Australian National Drug

Strategy Household Survey from 2001-2016
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Figure 2.
Hierarchical age-period-cohort estimates of period and cohort effects of past-year cannabis

use among 18- to 79-year-olds in six waves of the Australian National Drug Strategy
Household Survey from 2001-2016
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Figure 3.
Hierarchical age-period-cohort estimates of period and cohort effects of past-year cannabis

use among 18- to 79-year-olds by sex in six waves of the Australian National Drug Strategy
Household Survey from 2001-2016
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Figure 5.
Hierarchical age-period-cohort estimates of period and cohort effects of favorable attitudes

toward criminalizing cannabis possession and personal use among 18- to 79-year-olds in six
waves of the Australian National Drug Strategy Household Survey from 2001-2016
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Figure 6.
Hierarchical age-period-cohort estimates of period and cohort effects of favorable attitudes

toward cannabis legalization among 18- to 79-year-olds in six waves of the Australian
National Drug Strategy Household Survey from 2001-2016
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