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The prevention of risky adolescent substance use is critical. Limited age-appropriate, school-based programs
target adolescents aged 16-19 years, despite this representing the age of initiation and escalation of substance
use. The Illicit Project is a neuroscience-based, harm reduction program targeting late adolescents, designed to
address this gap. The current study aims to evaluate the program’s effectiveness in reducing risky substance use
and related harms among late adolescents. A cluster randomised controlled trial was conducted involving 950
students (Mage = 15.9 years SD = 0.68; 60% Female) from eight secondary schools in Australia. Five schools
received The Illicit Project program, and three schools were randomised into the active control group (health
education as usual). All students completed a self-report survey at baseline and 6-months post-baseline and
intervention students completed a program evaluation survey. Outcomes include alcohol and substance use,
alcohol related harms and drug literacy levels (knowledge and skills). At 6-months post baseline, individuals in
the intervention group were less likely to engage in weekly binge drinking (OR = 0.56), high monthly alcohol
consumption (OR = 0.56), early onset cannabis use (OR = 0.35), risky single occasion cannabis use (OR = 0.48),
MDMA use (OR = 0.16) or nicotine product use (OR = 0.59) compared to the control group. Students in the
intervention group were less likely to have experience alcohol related harms (OR = 0.57) and more likely to have
higher drug literacy scores (p = 2.44) at follow-up. These preliminary results support the effectiveness of The

Illicit Project. Further follow-up is required to determine the durability of the results over time.

1. Introduction

Alcohol, cannabis and illicit substance use are major contributors of
global morbidity and mortality, and harm falls disproportionately on
young people (Griswold et al., 2018; Peacock et al., 2018). Adolescence
10-19 years) is a critical developmental period marked the onset of risk
taking, such as substance use (Patton et al., 2016; Debenham et al.,
2021a). Although early adolescents (12-14 years) are driving global
downward trends in alcohol consumption (Kraus et al., 2018; Kerr et al.,
2013; Meng et al., 2014), middle and late adolescents (15-19 years)
continue to consume substances in risky quantities (Callinan et al., 2020;
Statistics ABo, 2017). Risky/binge drinking, defined as five or more
standard drinks per day (NHMRC, 2020), is the most common form of
alcohol consumption in this age group. Over one quarter (26%) of
Australians aged 16-17 years have engaged in risky drinking in the past
fortnight, over one in ten (11%) have engaged in risky drinking in the
past week, one in eight (16%) report monthly cannabis use and 4%
report past month MDMA use (Guerin NaW, 2017). The harm from

substance is cumulative (Hamidullah et al., 2020; Degenhardt et al.,
2018)and adolescent onset use is linked to pervasive harm spanning
cognitive, social, and physiological domains. As the foundation for
future health, adolescent prevention requires urgent public health
support.

The school environment is an effective and efficient place to reach
large numbers of young people and the cost of implementation is low
(Tancred et al., 2018). In Australia, mandatory health curricula ensure
students in Years 8-10 (ages 13-16) receive substance use education,
however senior students in Years 11-12 (ages 16-18) are not guaranteed
the same education — despite this being the average age of initiation and
escalation of substance useGuerin NaW, 2017; Xu et al., 2020;15 (Guerin
NaW, 2017; Xu et al., 2020). Consequently, there are few programs
targeting late adolescents (Tremblay et al., 2020)and late adolescent
substance use prevention is lacking (Debenham et al., 2019).

The evidence for substance use prevention is mixed (Foxcroft and
Tsertsvadze, 2012; Faggiano et al., 2014; Onrust et al., 2016). A sys-
tematic review reported that older adolescents benefited from the social
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influence approach, peer-resistance skills, personal goal development,
self-control training and social problem solving (Onrust et al., 2016).
High-risk adolescents responded positively to strategies around self-
control and the biopsychosocial model of behaviour change (Onrust
et al., 2016). Meta-analyses suggest prevention programs are associated
with small reductions in the frequency and quantity of substance use
rather than reducing the overall prevalence of use (Strgm et al., 2014;
Hennessy and Tanner-Smith, 2015). The finding, that prevention pro-
grams are more effective at reducing risky use, over single time use,
suggests harm reduction targets should be a key consideration in the
development of school-based interventions. Exploring new and inno-
vative methods to engage young people in substance use harm reduction
within the school environment is urgently required (Debenham et al.,
2019).

The Illicit Project is an age-appropriate, harm reduction program that
leverages neuroscience to reduce the harms of substance use. Delivered
to young people (aged 15-19 years), the program aims to improve drug
literacy, which can be understood as the knowledge, skills and strategies
required to identify and minimise substance use harms and seek support
when necessary (Debenham et al., 2020). The Illicit Project has been
piloted as a facilitator-delivered, face-to-face program and demon-
strated high acceptance and credibility among students and teachers
(Debenham et al., 2020). Following the pilot, the program underwent
web-based adaptation to improve implementation and potential scal-
ability (Debenham et al., 2021b). The current study aims to evaluate the
effectiveness of The Illicit Project in reducing alcohol and other substance
use, alcohol related harms and drug literacy levels in late adolescents.

2. Methods
2.1. Study design

A cluster randomised controlled trial (cRCT) was conducted in sec-
ondary schools across New South Wales, Australia in 2020-2021.
Schools were recruited and randomly allocated to the intervention
group or the active control group using block randomisation in R to
avoid contamination between groups by an external researcher (Uschner
et al.,, 2018). The five schools (seven cohorts; Mage = 15.8) in the
intervention group completed The Illicit Project program during class
over a 6-week period at the end of 2020. The three schools (six cohorts;
Mage = 16.1) in the active control group completed health education as
usual. All participants completed self-report surveys at baseline and 6
months post-baseline. Ethics approval for the study was received from
the University of Sydney Human Research Ethics Committee (2020/
053) and the State Education Research Applications Process (2020237).
The trial follows the Consolidated Standards of Reporting Trials (CON-
SORT) statement is registered with the Australian New Zealand Clinical
Trials Registry (ACTRN12620000805976). Further information on the
study protocol have been reported elsewhere (Debenham et al., 2021b).

2.2. Participants and procedure

Eighty-two independent and state schools were invited to participate
in the study and nine schools agreed to partake. Both passive parental
consent and active student consent were required for participation, and
one school required additional active parental consent. A trusted online
data collection platform (REDCap) was used to generate unique identi-
fiers for each participant to enable data linkage across time whilst
ensuring confidentiality (Harris et al., 2019). Five schools were
randomly allocated to the intervention group and four schools were
randomly allocated to the active control group. Before the trial began,
one school withdrew from the active control group due to scheduling
issues. The final baseline sample included 950 participants from eight
schools.
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2.3. The Illicit Project intervention

Students in the intervention group received The Illicit Project, a the
three-class, web-based program during class time. The Illicit Project is an
interactive, neuroscience-based harm reduction program that aims to
upskill young people in substance use harm minimisation. The evidence-
based program encourages rapid skill development in areas including
but not limited to peer resistance training, normative education, harm
reduction with alcohol, MDMA and cannabis (Stockings et al., 2016),
help seeking, neuroscience and supporting friends (Foxcroft and
Tsertsvadze, 2012; Faggiano et al., 2014). The program adopts a
strengths-based approach to inspire young people to protect and nurture
a healthy brain during protracted neurodevelopment. The three mod-
ules: 1) Alcohol and the Developing Brain; 2) MDMA, Cannabis Use, and
Harm Reduction; and 3) Mental Health and Wellbeing, are comprised of
interactive activities, case studies, quizzes, goal setting, interviews with
neuroscientists, drug experts and a representative group of young people
from around Australia (see Appendix A for key program outcomes). The
program promotes inclusion and diversity through the representation of
individuals from key ethnic groups and gender and sexual identities in
the interviews, animations and activities. A pilot study of the face-to-
face version confirmed The Illicit Project is both feasible and credible
in the school environment (Debenham et al., 2020). For access to the
program see www.theillicitproject.com and for illustrations see Fig. 1.

2.4. Control group

Schools in the active control group implemented health education as
usual, which falls under the New South Wales Personal Development,
Health and Physical Education curriculum and the Life Ready
curriculum.

2.5. Outcome measures

Self-report surveys were administered to all students to collect de-
mographic data (e.g., sex, age and grades) and primary outcomes
(substance use, alcohol harm and drug literacy levels). All included
measures are well-validated scales that reflect developmentally relevant
patterns of substance use consumption as described below.

Alcohol and illicit substance use were measured through quantity and
frequency, adapted from the Alcohol, Smoking and Substance Use
Involvement Screening Test (ASSIST; (Humeniuk et al., 2008). Risky
alcohol consumption (which at the time of the survey was defined as
having over 5 standard drinks per day) was measured through the self-
report item ‘how often did you have 5 or more standard alcoholic drinks
on one occasion in the past 6 months?’ and dichotomised into weekly
and monthly use (yes/no). Average monthly consumption was calcu-
lated by multiplying a frequency item ‘how often did you consume a
standard alcoholic beverage in the past 6 months?’ by a quantity item
‘on average how many standard alcoholic drinks would you consume on
a typical occasion when you are drinking alcohol?” and high monthly
alcohol consumption was quantified as consuming a total of 20 or more
standard drinks per month (yes/no). The frequency of cannabis use was
quantified as monthly (yes/no) and average quantity of cannabis use
was assessed as risky if individual consumption surpasses one joint per
occasion (yes/no). Exposure to MDMA, nicotine-products, metham-
phetamine, non-medical prescription medication and polysubstance use,
will be assessed through any use in the past 6 months (yes/no).

Alcohol related-harms were measured by the 18-item, Rutgers Alcohol
Problem Index scale, which demonstrates acceptable internal consis-
tency (o« = 0.85) (Neal et al., 2006; Earleywine et al., 2008). Greater
harms are reflected by higher scores and will be examined by measuring
those experiencing over one harm (yes/no).

Total Drug Literacy scores were measured through summing responses
from a 20-item true or false knowledge scale and a 6-item attitude scale
where students completed items such as ‘how confident are you in
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Fig. 1. Graphics from The Illicit Project program.

minimising the harms of substances?’ on a five-point Likert scale from
not at all to extremely. Both scales were adapted from the School Health
and Alcohol Harm Reduction Project (McBride et al., 2004)and
demonstrate acceptable internal consistency (a = 0.67) (Debenham
et al., 2020). Higher scores reflect greater drug literacy levels and the
drug literacy scale was also administered in The Illicit Project pilot study
(Debenham et al., 2020).

2.6. Sample size calculations

Based on power calculations for cRCTs using multi-level mixed effect
regression models, this trial required three schools per arm, with at least
60 students per school, to achieve 80% power and a standardized,
between-group mean difference of 0.3 (p = 0.05) at the end of the trial
(Heo and Leon, 2009). Based on similar school-based trials, we expected
10% school dropout and the average year group size to be 100 students,
therefore we aimed to recruit eight schools and 800 students to the
study.

2.7. Statistical analysis

Multilevel mixed effect regression models, which account for clus-
tering at the school level were used to determine the effectiveness of the
intervention. Multilevel models are the preferred technique to analyse
hierarchical data as they account for both fixed and random effects do
not assume students from the same school have independent outcomes
(Molenberghs and Verbeke, 2006). For the present analysis, two level
models which account for clustering at the school level and baseline
scores were applied, with multilevel logistic regressions modelling cat-
egorical outcomes (alcohol use, cannabis use, MDMA use, nicotine use,
methamphetamine use, polysubstance use and alcohol harms) and
multilevel linear regressions modelling continuous outcomes (drug lit-
eracy scores). Effect sizes for categorical outcomes are reported as odds
ratios (OR) with 95% confidence intervals (CI) and as unstandardised
beta coefficients with 95% CI for continuous outcomes. Missing data
resulted from attrition (those who participated in the study at baseline
but either changed schools or declined follow-up) and unavailability
(those who remained in the study at follow-up but did not partake in
outcome measurement). To determine whether baseline outcomes pre-
dict missingness at follow-up, chi-square tests for categorical outcomes,

one-way analysis of variance for continuous outcomes and Mann-
Whitney U for nonnormally distributed continuous outcomes were
conducted. Multiple imputations were conducted to assess the robust-
ness of the results against missing data, under the assumption that data
were missing at random (see Appendix B for details). All data analysis is
conducted on the intention-to-treat sample in Stata version 17 (Stata-
Corp, 2021).

3. Results
3.1. Participant characteristics and baseline equivalence

The final sample included 950 students from eight schools in New
South Wales (Mage = 15.9 years, SD = 0.68, 60% female, 94% born in

Australia). See Table 1 for baseline characteristics of the sample and
Table 2 for the frequency of outcome variables over time by trial group.

Table 1
Baseline characteristics of the sample.

The Illicit Project n = Control n = Total Sample N =
681 269 950
Gender (% 455/681 (67%) 140/269 60%
Female) (52%)
Mean Age (SD) 15.8 (0.6) 16.1 (0.7) 15.9 (0.7)
Average grades
90-100% 12% 13% 12%
80-89% 29% 29% 29%
70-79% 24% 28% 25%
60-69% 14% 15% 15%
59% or below 21% 15% 19%
Year Group
Year 10 71% 54% 67%
Year 11 11% 26% 15%
Year 12 18% 20% 18%
School Type
Independent 2 0 2
State 3 3 6
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Table 2
Outcome prevalence over time.
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May 2020), with retention being higher in the control (68%) compared
to the intervention group (51%) (see Fig. 2). Missingness was primarily
due schools being unable to schedule in-class follow-up survey occasions

Primary Outcomes Timepoint Intervention Control
- . N and relying on students to complete the survey outside of school time,
Monthly binge drinking % (n) Baseline 19% 33% . ..
6 months  20% 35% due to the impact of COVID-19. Missing data analyses revealed that
Weekly binge drinking % (n) Baseline 3% 4% students missing at follow-up, were more likely to be male (OR = 2.5,
6 months 3% 7% 95% CI 1.91-3.25), be in the intervention group (OR = 1.6, 95% CIL:
High monthly alcohol consumption % (n) ~ Baseline 8% 14% 1.2-2.2) and have lower grades at baseline F(5953) = 19.61, p = 0.00).
6 months 10% 19% Missi tudents tended to be “high isk” . 1 d lit
Monthly cannabis use (%) n Baseline 9% 9% issing students tended to be “higher ris > sco1j1ng ower on drug lit-
6 months 7% 9% eracy (F(1,927) = 15.38, p = 0.0001), having higher odds of monthly
High quantity cannabis use (multi puff) Baseline 18% 23% binge drinking (OR = 1.5, 95% CI 1.12-2.05), monthly alcohol con-
) 6 moflths 17% 28% sumption (OR = 2.0, 95% CI 1.30-3.11), single occasion risky cannabis
Early onset cannabis use (<16 years) gasehtﬁ 1;2;“ 135” use (OR = 1.67, 95% CI 1.21-2.32), early onset-cannabis use (OR = 2.1,
months (] (]
Nicotine product use % (n) Baseline 22% 26% 95% CI 1.49-3.03), MDMA use (OR = 2.0, 95% CI 1.14-3. 45) and
6 months 23% 36% experiencing alcohol related harms (OR = 1.4, 95% CI 1.10-1.90).
MDMA use % (n) Baseline 6% 6% Missingness was not predicted by weekly binge drinking (p = 0.07) or
6 months 2% 9% nicotine use (p = 0.124).
Methamphetamine use % (n) Baseline 2% 3%
6 months 1% 3%
Polysubstance use % (n) Baseline 6% 4% 3.3. Intervention effecm over time
6 months 5% 4%
Alcohol harms % (n) Baseline 30% 41% A L
6 months  27% 42% 3.3.1. Risky alcohol and illicit substance use
Mean Drug Literacy (SD) Baseline 22.6 24.3 At 6-months post baseline, primary analysis indicated the interven-
6 months 259 24.0

Baseline N = 950; 6-months N = 532.

3.2. Retention

tion group had reduced odds of weekly binge drinking (OR = 0.38, 95%
CI 0.15-1.01), high monthly alcohol consumption (OR = 0.56, 95% CI
0.32-0.98), early-onset cannabis use (OR = 0.35, 95% CI 0.17-0.72) and
high quantity cannabis use (OR = 0.48, 95% CI 0. 0.25-0.92), compared
to the control group. By comparison, multiple imputations indicate the
intervention group had reduced odds of early-onset cannabis use

Of the 950 participants who completed the baseline survey (October-
December 2019), 60% completed the 6-month follow-up survey (April-

compared to control (OR = 0.10, 95% CI 0.01-0.79), however no dif-

ferences between weekly binge drinking, high monthly alcohol

Recruitment

Recruited
n =9 School
n= 970 students

|

l Randomisation l
r T

1 School withdrew

Allocated to intervention Allocated to control

11 student dropouts (no _ (scheduling)
n=5 schools n=4 schools »
porental consent) n= 692 students n=278 students 9 ""dec":):s'::;“" (no

l Baseline l
. /

'
Consent & Baseline
n=5 schools
n= 681 students

Total baseline
n= 8 schools
n=950 participants

Consent & Baseline
n=3 schools
n= 269 students

l Intervention l
{ ) J

The lllicit Project [
intervention
Module 1

T

The lllicit Project
intervention
Module 2

T

Health education as
usual

The lllicit Project
intervention + evaluation
Module 3

v Follow-up l
v v

6-month follow-up
assessment
Completed n=350 (51%)

18 student dropouts
n=1 withdrew i
n=17 left the school

é-month follow-up
assessment
Completed n= 182 (68%)

Total 6 months
n= 8 schools
n=532 participants (60%)

Fig. 2. CONSORT flow chart of participant recruitment and retention.



J. Debenham et al.

consumption and single occasion risky cannabis use were evident be-
tween groups (see Appendix B). Students in the intervention group had
reduced odds of past 6-month MDMA use compared to control (OR =
0.16, 95% CI 0. 0.05-0.49), which was consistent in multiple imputation
analysis (OR = 0.23, 95% CI 0.05-0.97; see Appendix B). In the primary
analysis the intervention group had reduced odds of nicotine product
use compared to control (OR = 0.59, 95% CI 0.35-0.98), however this
was not consistent in multiple imputation analysis (OR = 0.66, (5%
CI0.30-0.70). There were no differences between groups in reports of
monthly binge drinking, monthly cannabis use, methamphetamine use
or polysubstance use at the 6-month follow-up.

3.3.2. Alcohol-related harms

Primary analysis indicated that students in the intervention group
had lower odds of experiencing alcohol related harms at follow-up (OR
=0.57, 95% CI 0.35-0.92; see Table 3), however this was not supported
by multiple imputation analysis (OR = 0.61, 95% CI 0.57-1.38; see
Appendix B).

3.3.3. Drug literacy levels

The intervention group were more likely to score higher in drug
literacy than students in the control group at follow-up (p = 3.05, 95%
CI 1.73-4.36p = 0.000; see Table 3), which was consistent in multiple
imputation analysis (f = 2.16, 95% CI 1.19-3.12; see Appendix B).

4. Discusion

This is the first RCT to evaluate the effectiveness of a neuroscience-
based harm reduction program, The Illicit Project, in secondary schools.
The primary analysis and multiple imputation sensitivity analysis,
indicate that at the 6-month assessment occasion, the intervention group
was associated with reduced odds of early-onset cannabis use, past 6-
month ecstasy use and increased likelihood of scoring high in drug lit-
eracy compared to the active control group. These important findings
represent a large step away from the “just say no” abstinence-based
approach to substance use prevention and provide an age-appropriate
method to minimise harm in late adolescents, being a harm reduction
approach. Harm reduction recognises that some people will engage in
substance use and provides strategies to reduce the physiological and
psychological harms associated with use (Stockings et al., 2016). This
approach addresses both proximal and distal harms of substances and
can incorporate mental health and wellbeing strategies. These promising
results contribute to a growing evidence-base that prevention invest-
ment should span over the entire breadth of development for young
people (Das et al., 2016).

Cannabis is the most commonly used illicit substance and prevention
is a national priority. It is one of the substances that the most Australians
seek help for and use peaks during adolescence and early adulthood

Table 3

Results from multilevel regression models at 6-month follow-up.
Multilevel logistic regression models OR 95% CI p-value
Monthly binge drinking 0.61 0.31-1.18 0.14
Weekly binge drinking 0.38 0.15-1.01 0.05*
High monthly alcohol consumption 0.56 0.32-0.98 0.04*
Monthly cannabis use 1.26 0.55-2.89 0.58
High quantity cannabis use 0.48 0.25-0.92 0.02*
Early onset cannabis use 0.35 0.17-0.72 0.00*
Nicotine product use 0.59 0.35-0.98 0.04*
MDMA use 0.16 0.05-0.49 0.00*
Methamphetamine use 0.44 0.09-2.13 0.31
Polysubstance use 1.86 0.58-5.99 0.30
Alcohol harms 0.57 0.35-0.92 0.02*
Multilevel linear regression models B 95% CI p-value
Drug Literacy 3.05 1.73-4.36 0.00*

OR, odds ratio; *significant outcome at p < 0.05.
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(Australian Institute of Health and Welfare, 2015). The Illicit Project’s
large positive impact on reducing the odds of early-onset cannabis use,
compares to an umbrella review and a meta-analyses of school-based
prevention programs which report programs to have an average 17%
risk reduction for cannabis sue outcomes (RR = 0.83, 95% CI:
0.69-0.99) (Das et al., 2016; Porath-Waller et al., 2010). Early cannabis
use initiation is associated with a 30% increase in the likelihood of
developing substance use dependence later in life (Marmet et al., 2021;
Perkonigg et al., 2008)and the promising prevention results demon-
strated in the current study may help reduce the burden of cannabis use
disorder. The intervention had no impact on monthly cannabis use over
the 6-month follow-up period, however longer-term follow-up such as
12- and 24-month survey occasions, may be required to detect changes.

The Illicit Project demonstrated beneficial effects in reducing the odds
of MDMA use, which compares to a well-validated program targeting
middle-adolescents, known as the Climate Schools: MDMA and Emerging
Drugs module, which demonstrated a 10 fold reduction in the likelihood
of MDMA use intention among young people (Champion et al., 2016).
Considering the recent inquest into MDMA-related festival deaths and
the Coroner’s recommendation for school-based MDMA education;
these results could be of high public health interest (Hughes et al.,
2019). The program had no impact on polysubstance use or metham-
phetamine use, potentially owing to the extremely low prevalence rates
in this age group and further follow-up will be required to explore this
relationship overtime.

Despite promising preliminary results across the majority of primary
outcomes, the findings must be considered within the context of several
limiting factors. First, retention at the 6-month follow-up was lower than
anticipated due to difficulties with school scheduling and analyses
revealed that high-risk students and students in the intervention group
were more likely to be missing at follow-up. The three schools with
scheduling issues all belonged to the intervention group and had 73%
unavailability at follow-up, compared to the five schools with scheduled
in-class survey completion, which had 25% unavailability at follow-up,
which is within international standards (Lloyd et al., 2017). Although
missingness of high-risk adolescents is common (Cook et al., 2002), the
differential attrition may introduce bias to the results and limit the
validity and generalisability of the results. The research team imple-
mented rigorous retention strategies and worked closely alongside
schools, however without scheduled in-class survey completion time
missingness for this age group is expected to be high (Clary et al., 2021).
It is likely that the global COVID-19 pandemic placed extreme pressure
on school scheduling, which may explain some of the missing data.
Nonetheless, reduced odds of early onset cannabis use and recent ecstasy
use, and increased drug literacy scores were robust against missing data,
which supports the validity and reliability of these three findings
(Bondarenko and Raghunathan, 2016). Second, the trial relies on self-
report measures of substance use, which despite demonstrated vali-
dated may lead to underestimations of volume consumption (Williams
and Nowatzki, 2005). Finally, the current study presents the short-term
results to the trial and continued follow-up will be important to deter-
mine whether results are sustained over time, particularly as substance
use is expected to increase as students leave school. The current trial
includes several strengths, including diverse sampling across New South
Wales, including independent and state schools and the novel web-based
delivery which upholds high program fidelity.

5. Conclusion

Delaying the onset and reducing the risky use of substances is an
effective way to reduce the significant health costs of substance-related
harms. High quality evaluation trials, with consistent replication are
required to warrant widespread implementation and although the pre-
sent study provides compelling results to support the effectiveness of The
Illicit Project, high levels of missing data limit the generalisability of the
results. Further follow-up is currently underway and results from the 12-
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and 24-month follow-up occasions will be important in refining and
adapting the program to different target groups. In addition, pending
further follow-up results, implementation trials will be required to
inform the upscale of the program. It is important to continue to develop
and test multidimensional prevention strategies for adolescents
throughout the course of development and into adulthood.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
JD is the developer of The Illicit Project, a program that will be made
freely available pending the results of this trial.

Funding

This study was funded by an Australian Covid-19 Federal Health
grant. The study sponsor played no role in the design of this study, data
collection, analysis, interpretation or in writing this manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.pmedr.2022.101706.

References

Peacock, A., Leung, J., Larney, S., Colledge, S., Hickman, M., Rehm, J., Giovino, G.A.,
West, R., Hall, W., Griffiths, P., Ali, R., Gowing, L., Marsden, J., Ferrari, A.J.,
Grebely, J., Farrell, M., Degenhardt, L., 2018. Global statistics on alcohol, tobacco
and illicit drug use: 2017 status report. Addiction. 113 (10), 1905-1926.

Griswold, M.G., Fullman, N., Hawley, C., et al., 2018. Alcohol use and burden for 195
countries and territories, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016. The Lancet. 392 (10152), 1015-1035.

Patton, G.C., Sawyer, S.M., Santelli, J.S., Ross, D.A., Afifi, R., Allen, N.B., Arora, M.,
Azzopardi, P., Baldwin, W., Bonell, C., Kakuma, R., Kennedy, E., Mahon, J.,
McGovern, T., Mokdad, A.H., Patel, V., Petroni, S., Reavley, N., Taiwo, K.,
Waldfogel, J., Wickremarathne, D., Barroso, C., Bhutta, Z., Fatusi, A.O., Mattoo, A.,
Diers, J., Fang, J., Ferguson, J., Ssewamala, F., Viner, R.M., 2016. Our future: a
Lancet commission on adolescent health and wellbeing. The Lancet. 387 (10036),
2423-2478.

Debenham, J., Birrell, L., Champion, K., Lees, B., Yiicel, M., Newton, N., 2021a.
Neuropsychological and neurophysiological predictors and consequences of
cannabis and illicit substance use during neurodevelopment: a systematic review of
longitudinal studies. The Lancet Child & Adolescent. Health. 5 (8), 589-604.

Kraus, L., Seitz, N.-N., Piontek, D., Molinaro, S., Siciliano, V., Guttormsson, U., Arpa, S.,
Monshouwer, K., Leifman, H., Vicente, J., Griffiths, P., Clancy, L., Feijao, F.,
Florescu, S., Lambrecht, P., Nociar, A., Raitasalo, K., Spilka, S., Vyshinskiy, K.,
Hibell, B., 2018. ‘Are The Times A-Changin’? Trends in adolescent substance use in
Europe. Addiction (Abingdon, England). 113 (7), 1317-1332.

Kerr, W.C., Greenfield, T.K., Ye, Y.u., Bond, J., Rehm, J., 2013. Are the 1976-1985 birth
cohorts heavier drinkers? Age-period-cohort analyses of the National Alcohol
Surveys 1979-2010. Addiction (Abingdon, England). 108 (6), 1038-1048.

Meng, Y., Holmes, J., Hill-McManus, D., Brennan, A., Meier, P.S., 2014. Trend analysis
and modelling of gender-specific age, period and birth cohort effects on alcohol
abstention and consumption level for drinkers in Great Britain using the General
Lifestyle Survey 1984-2009. Addiction (Abingdon, England). 109 (2), 206-215.

Callinan, S., Pennay, A., Livingston, M., Kuntsche, E., 2020. Patterns of alcohol
consumption in 16 cohorts of Australian young adults aged 15-24 between 2001 and
2016. Addiction. 115 (8), 1452-1458.

Statistics ABo. Apparent Consumption of Alcohol, Australia. Canberra: Australian Bureau
of Statistics; 2017.

NHMRC, 2020. Australian Guidelines to Reduce Health Risks from Drinking Alcohol.
Commonwealth of Australia, Canberra. National Health and Medical Research
Council.

Guerin NaW, V. . ASSAD 2017 Statistics & Trends: Australian Secondary Students’ Use of
Tobacco, Alcohol, Over-the-counter Drugs, and Illicit Substances. Cancer Council
Victoria.; 2018.

Hamidullah, S., Thorpe, H.H.A., Frie, J.A., Mccurdy, R.D., Khokhar, J.Y., 2020.
Adolescent Substance Use and the Brain: Behavioral, Cognitive and Neuroimaging
Correlates. Frontiers in Human Neuroscience. 14 https://doi.org/10.3389/
fnhum.2020.0029810.3389/fnhum.2020.00298.s001.

Degenhardt, L., Charlson, F., Ferrari, A., Santomauro, D., Erskine, H., Mantilla-
Herrara, A., Whiteford, H., Leung, J., Naghavi, M., Griswold, M., Rehm, J., Hall, W.,
Sartorius, B., Scott, J., Vollset, S.E., Knudsen, A.K., Haro, J.M., Patton, G., Kopec, J.,
Carvalho Malta, D., Topor-Madry, R., McGrath, J., Haagsma, J., Allebeck, P.,
Phillips, M., Salomon, J., Hay, S., Foreman, K., Lim, S., Mokdad, A., Smith, M.,
Gakidou, E., Murray, C., Vos, T., 2018. The global burden of disease attributable to

Preventive Medicine Reports 26 (2022) 101706

alcohol and drug use in 195 countries and territories, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. The Lancet Psychiatry. 5 (12),
987-1012.

Tancred, T., Paparini, S., Melendez-Torres, G., Thomas, J., Fletcher, A., Campbell, R.,
et al., 2018. A systematic review and synthesis of theories of change of school-based
interventions integrating health and academic education as a novel means of
preventing violence and substance use among students. Systematic reviews. 7 (1),
1-22.

Xu T, Tomokawa S, Gregorio JER, Mannava P, Nagai M, Sobel H. School-based
interventions to promote adolescent health: A systematic review in low- and middle-
income countries of WHO Western Pacific Region. PLoS ONE. 2020;15(3):e0230046-

e

Tremblay, M., Baydala, L., Khan, M., Currie, C., Morley, K., Burkholder, C., Davidson, R.,
Stillar, A., 2020. Primary substance use prevention programs for children and youth:
a systematic review. Pediatrics. 146 (3) https://doi.org/10.1542/peds.2019-2747.

Debenham, J., Newton, N., Birrell, L., Askovic, M., 2019. Alcohol and other drug
prevention for older adolscents: it’s a no brainer. Drug and Alcohol Review. 38,
327-330.

Foxcroft, D.R., Tsertsvadze, A., 2012. Cochrane Review: Universal school-based
prevention programs for alcohol misuse in young people. Evidence-Based Child
Health: A Cochrane Review Journal. 7 (2), 450-575.

Faggiano, F., Minozzi, S., Versino, E., Buscemi, D., 2014. Universal school-based
prevention for illicit drug use. (Review).

Onrust, S.A., Otten, R., Lammers, J., Smit, F., 2016. School-based programmes to reduce
and prevent substance use in different age groups: What works for whom?
Systematic review and meta-regression analysis. Clinical Psychology Review. 44,
45-59.

Strem, H.K., Adolfsen, F., Fossum, S., Kaiser, S., Martinussen, M., 2014. Effectiveness of
school-based preventive interventions on adolescent alcohol use: a meta-analysis of
randomized controlled trials. Substance abuse treatment, prevention, and policy. 9
), 1-11.

Hennessy, E.A., Tanner-Smith, E.E., 2015. Effectiveness of brief school-based
interventions for adolescents: A meta-analysis of alcohol use prevention programs.
Prevention Science. 16 (3), 463-474.

Debenham, J., Birrell, L., Champion, K., Askovic, M., Newton, N., 2020. A pilot study of a
neuroscience-based, harm minimisation programme in schools and youth centres in
Australia. BMJ open. 10 (2), e033337. https://doi.org/10.1136/bmjopen-2019-
033337.

Debenham, J., Birrell, L., Champion, K., Newton, N., 2021b. Study protocol for a cluster
randomised controlled trial of The Illicit Project, a digital, neuroscience-based
substance use intervention for secondary school students. Contemporary Clinical
Trials. 107, 106467. https://doi.org/10.1016/j.cct.2021.106467.

Uschner, D., Schindler, D., Hilgers, R.-D., Heussen, N., 2018. randomizeR: an R package
for the assessment and implementation of randomization in clinical trials. J Stat
Softw. 85 (8), 1-22.

Harris, P.A., Taylor, R., Minor, B.L., Elliott, V., Fernandez, M., O’Neal, L., McLeod, L.,
Delacqua, G., Delacqua, F., Kirby, J., Duda, S.N., 2019. The REDCap consortium:
Building an international community of software platform partners. Journal of
biomedical informatics. 95, 103208. https://doi.org/10.1016/.jbi.2019.103208.

Stockings, E., Hall, W.D., Lynskey, M., Morley, K.I., Reavley, N., Strang, J., Patton, G.,
Degenhardt, L., 2016. Prevention, early intervention, harm reduction, and treatment
of substance use in young people. The Lancet Psychiatry. 3 (3), 280-296.

Humeniuk, R., Ali, R., Babor, T.F., Farrell, M., Formigoni, M.L., Jittiwutikarn, J., de
Lacerda, R.B., Ling, W., Marsden, J., Monteiro, M., Nhiwatiwa, S., Pal, H.,
Poznyak, V., Simon, S., 2008. Validation of the alcohol, smoking and substance
involvement screening test (ASSIST). Addiction. 103 (6), 1039-1047.

Neal, D.J., Corbin, W.R., Fromme, K., 2006. Measurement of alcohol-related
consequences among high school and college students: application of item response
models to the Rutgers Alcohol Problem Index. Psychological assessment. 18 (4),
402-414.

Earleywine, M., LaBrie, J.W., Pedersen, E.R., 2008. A brief Rutgers Alcohol Problem
Index with less potential for bias. Addictive behaviors. 33 (9), 1249-1253.

McBride, N., Farringdon, F., Midford, R., Meuleners, L., Phillips, M., 2004. Harm
minimization in school drug education: final results of the School Health and Alcohol
Harm Reduction Project (SHAHRP). Addiction. 99 (3), 278-291.

Heo, M., Leon, A.C., 2009. Sample size requirements to detect an intervention by time
interaction in longitudinal cluster randomized clinical trials. Statistics in medicine.
28 (6), 1017-1027.

Molenberghs, G., Verbeke, G., 2006. Models for Discrete Longitudinal Data. Springer
Science & Business Media.

StataCorp. Stata Statistical Software: Release 17. College Station: TX: StataCorp LLC;
2021.

Stockings, E., Hall, W.D., Lynskey, M., Morley, K.I., Reavley, N., Strang, J., Patton, G.,
Degenhardt, L., 2016. Prevention, early intervention, harm reduction, and treatment
of substance use in young people. The Lancet. Psychiatry. 3 (3), 280-296.

Das, J.K., Salam, R.A., Arshad, A., Finkelstein, Y., Bhutta, Z.A., 2016. Interventions for
adolescent substance abuse: An overview of systematic reviews. Journal of
Adolescent Health. 59 (4), S61-S75.

Australian Institute of Health and Welfare. Burden of tobacco use in Australia: Australian
Burden of Disease Study 2015. Canberra ATHW; 2019.

Porath-Waller, A.J., Beasley, E., Beirness, D.J., 2010. A meta-analytic review of school-
based prevention for cannabis use. Health Educ Behav. 37 (5), 709-723.

Marmet, S., Studer, J., Wicki, M., Gmel, G., 2021. Cannabis use disorder trajectories and
their prospective predictors in a large population-based sample of young Swiss men.
Addiction. 116 (3), 560-570.


https://doi.org/10.1016/j.pmedr.2022.101706
https://doi.org/10.1016/j.pmedr.2022.101706
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0005
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0005
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0005
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0005
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0010
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0010
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0010
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0015
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0020
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0020
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0020
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0020
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0025
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0025
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0025
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0025
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0025
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0030
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0030
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0030
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0035
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0035
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0035
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0035
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0040
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0040
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0040
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0050
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0050
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0050
https://doi.org/10.3389/fnhum.2020.0029810.3389/fnhum.2020.00298.s001
https://doi.org/10.3389/fnhum.2020.0029810.3389/fnhum.2020.00298.s001
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0065
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0070
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0070
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0070
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0070
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0070
https://doi.org/10.1542/peds.2019-2747
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0085
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0085
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0085
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0090
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0090
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0090
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0095
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0095
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0100
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0100
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0100
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0100
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0105
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0105
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0105
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0105
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0110
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0110
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0110
https://doi.org/10.1136/bmjopen-2019-033337
https://doi.org/10.1136/bmjopen-2019-033337
https://doi.org/10.1016/j.cct.2021.106467
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0125
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0125
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0125
https://doi.org/10.1016/j.jbi.2019.103208
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0135
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0135
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0135
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0140
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0140
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0140
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0140
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0145
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0145
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0145
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0145
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0150
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0150
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0155
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0155
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0155
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0160
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0160
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0160
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0165
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0165
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0175
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0175
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0175
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0180
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0180
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0180
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0190
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0190
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0195
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0195
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0195

J. Debenham et al.

Perkonigg, A., Goodwin, R.D., Fiedler, A., Behrendst, S., Beesdo, K., Lieb, R., Wittchen, H.-
U., 2008. The natural course of cannabis use, abuse and dependence during the first
decades of life. Addiction. 103 (3), 439-449.

Champion, K.E., Newton, N.C., Stapinski, L.A., Teesson, M., 2016. Effectiveness of a
universal internet-based prevention program for ecstasy and new psychoactive
substances: a cluster randomized controlled trial. Addiction. 111 (8), 1396-1405.

Hughes, C., Barratt, M., Ferris, J., Winstock, A., 2019. Australian Music Festival
Attendees: A National Overview of Demographics, Drug use Patterns, Policing
Experiences and Help-Seeking Behaviour. National Drug and Alcohol Research
Centre, UNSW, Sydney, Australia.

Lloyd, J., McHugh, C., Minton, J., Eke, H., Wyatt, K., 2017. The impact of active
stakeholder involvement on recruitment, retention and engagement of schools,
children and their families in the cluster randomised controlled trial of the Healthy

Preventive Medicine Reports 26 (2022) 101706

Lifestyles Programme (HeLP): a school-based intervention to prevent obesity. Trials.
18 (1), 1-11.

Cook, T.D., Campbell, D.T., Shadish, W., 2002. Experimental and Quasi-Experimental
Designs for Generalized Causal Inference. New York Houghton Mifflin Boston, MA.

Clary, K.L., Reinhart, C.A., Kim, H.J., Smith, D.C., 2021. Improving Recruitment
Procedures for School-Based Surveys: Through the Lens of the Illinois Youth Survey.
Journal of school health. 91 (3), 250-257.

Bondarenko, I., Raghunathan, T., 2016. Graphical and numerical diagnostic tools to
assess suitability of multiple imputations and imputation models. Statistics in
medicine. 35 (17), 3007-3020.

Williams, R.J., Nowatzki, N., 2005. Validity of adolescent self-report of substance use.
Substance use & misuse. 40 (3), 299-311.


http://refhub.elsevier.com/S2211-3355(22)00013-4/h0200
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0200
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0200
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0205
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0205
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0205
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0210
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0210
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0210
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0210
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0215
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0215
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0215
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0215
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0215
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0220
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0220
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0225
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0225
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0225
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0230
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0230
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0230
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0235
http://refhub.elsevier.com/S2211-3355(22)00013-4/h0235

	Effectiveness of a neuroscience-based, harm reduction program for older adolescents: A cluster randomised controlled trial  ...
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Participants and procedure
	2.3 The Illicit Project intervention
	2.4 Control group
	2.5 Outcome measures
	2.6 Sample size calculations
	2.7 Statistical analysis

	3 Results
	3.1 Participant characteristics and baseline equivalence
	3.2 Retention
	3.3 Intervention effects over time
	3.3.1 Risky alcohol and illicit substance use
	3.3.2 Alcohol-related harms
	3.3.3 Drug literacy levels


	4 Discusion
	5 Conclusion
	Declaration of Competing Interest
	Funding
	Appendix A Supplementary data
	References


