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Abstract

Purpose Use of alcohol and other substances is a multifaceted issue impacting young people across multiple life domains.
This paper aims to elucidate patterns of substance use and associated demographic and clinical factors among young people
seeking treatment for their mental health.

Methods Young people (12-25 years old) were recruited from five youth-specific primary mental health (“headspace”)
services in Australia. Self-reported substance use and harms in the past 3 months were measured using WHO-ASSIST. Net-
work analyses were conducted to evaluate interrelationships between use and harms associated with different substances.
Subgroups were then identified based on whether participants reported using high centrality substances, and associated
demographic and clinical factors were assessed with multinomial logistic regression.

Results 1107 youth participated. 70% reported use of at least one substance in the past 3 months, with around 30% of those
reporting related health, social, legal or financial problems. Network analysis highlighted substantial interconnections between
use and harm indicators for all substances, with amphetamine-type stimulants (ATS) and cannabis being high central sub-
stances. Higher levels of substance use and harms were reported in subgroups with ATS or cannabis use and different risk
factors were associated with these subgroups.

Conclusions Findings highlight the importance of screening for substance use in youth primary mental healthcare settings,
offering a key opportunity for early intervention. Clinicians should be aware of the inner connections of use and harms of
different drugs and the role of cannabis and amphetamine use as a marker for more substance use profiles.

Keywords Alcohol and substance use - Alcohol and drug use - Substance use harms - Youth mental health - Mental ill-
health
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Introduction

Use of alcohol and other substances is complex and mul-
tifaceted, with substance use problems related to many
individual, social and environmental factors [1]. Substance
use may be particularly problematic during adolescence
and early adulthood due to factors such as increased
risk-taking behaviours and underdevelopment of execu-
tive functions [2]. Early substance use is associated with
polysubstance use [3], as well as several long-term harms,
including substance use disorders, cognitive difficulties,
behavioural issues, interrupted education and social func-
tioning, financial and legal problems, and morbidity and
early mortality [4].

Problematic substance use also commonly co-occurs with
mental ill-health (broad term referring to mental illness and
mental health problems). In the general Australian popula-
tion, the 2019 National Drug Strategy Household Survey
(NDSHS) indicated that people with a mental ill-health
were twice as likely to smoke cigarettes daily and 1.7 times
as likely to have used any illicit substance in the past year
compared to their peers without mental ill-health [5]. This
discrepancy may be larger among young people. The 2017
Australian Secondary Students’ Alcohol and Drug Survey
(ASSAD) found students with a diagnosis of mental disor-
der were three to six times more likely to report using illicit
drugs compared to those without mental ill-health [6]. Simi-
lar trends were also observed in other countries such as the
UK and the USA [7, 8]. The link between substance use and
mental ill-health is related to shared underlying risk factors
(e.g. chronic stress, trauma and adverse childhood experi-
ences) and possible bidirectional causal associations [9—11].

It is critical to understand substance use in youth with
mental ill-health given its high prevalence, as well as the
negative impact substance use can have on functioning,
treatment adherence and the effects of psychotropic med-
ications [12]. Substance use may also contribute to the
development and/or worsening of severe mental ill-health
such as psychosis and suicide risk [13].

Although substance use is frequently examined in popu-
lation surveys and cohorts, studies focusing on substance
use in young people with emerging mental ill-health are
less common [14]. In clinical settings, although substance
use might be acknowledged, it may not be seen as seri-
ous enough to warrant the attention given limited mental
health service resources. However, this represents a sig-
nificant missed window of opportunity for early identifica-
tion and intervention for substance use-associated harms
in this high-risk population [15]. Hence, there is a need to
increase understanding of patterns of substance use and
associated risk factors in this population to guide targeted
early intervention and treatment approaches.
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There is also an opportunity for new methodologies to
better capture the nature of substance use in young peo-
ple. Overall patterns of substance use and associated harms
may be difficult to evaluate due to interactions between dif-
ferent substances [16]. Traditionally, latent class analysis
has been used to classify individuals into distinct groups
[17, 18]. However, this method only evaluates possible sub-
groups with different substance-using patterns and does not
reveal independent associations between the use of different
substances.

As an alternative, network analysis allows the evalua-
tion of direct and indirect associations among factors [19,
20]. This technique is increasingly applied, however, to our
knowledge, only one study by Rhemtulla and colleagues
[21] has adopted this method, albeit in an adult population
(to evaluate associations between symptoms of substance
use disorder for an individual substance but not between
substance types). Network analysis is particularly useful
in evaluating complex systems to gain an understanding of
influential factors within the system.

Here, we applied network analysis to explore links
between use and harms (e.g. health, social, legal or finan-
cial problems) associated with different types of substance
use in young people seeking help for mental ill-health. The
specific aims of the study were to: (i) report prevalence and
patterns of substance use in a large cohort of young people
seeking primary mental health care for emerging mental
ill-health; (ii) examine interrelationships between the use
and harms associated with different substances; (iii) explore
demographic and clinical correlates associated with the
use of substances that plays a more central role among all
substances.

Method
Design and participants

This analysis is a part of a larger project focused on develop-
ing better outcomes measures for young people with mental
ill-health, see details elsewhere [22]. In brief, young people
(12-25 years old) were recruited from five youth-focused
primary mental health clinics (headspace services) in Aus-
tralia between September 2016 and April 2018 (three met-
ropolitan and two regional centres). headspace is a unique
primary healthcare setting developed in Australia to pro-
vide accessible, evidence-based, youth-friendly, and inte-
grated care for mental health problems in young people aged
12-25 years [23]. All young people presenting for the first
time with mental health and/or substance use issues were
eligible to participate. The study questionnaire included a
range of self-report demographic, clinical and functioning
measures assessed both at baseline and 3-month follow-up
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[22]. Here we report only on baseline data and measures
pertinent to this analysis.

Measures

Substance use and associated harms were assessed using
the World Health Organization Alcohol, Smoking, and
Substance Involvement Screening Test-Version 3, WHO-
ASSIST 3.0 [24]. This measures the frequency of use (past 3
months and lifetime) of substances in ten categories: tobacco
products, alcoholic beverages, cannabis, cocaine, ampheta-
mine-type stimulants (ATS), inhalants, sedatives or sleeping
pills, hallucinogens, opioids, and other substances) and five
associated harm indicators (see Table S1 in Supplementary
Material). The total summed score for each substance cat-
egory represents the past 3-month risk of harmful use [24].
The frequency of substance use over the past 3 months rep-
resented participants’ recent use patterns.

Primary diagnoses based on the Diagnostic and Statisti-
cal Manual of Mental Disorders fifth edition (DSM-5) [25]
were obtained from participants’ medical records. Due to
the early intervention nature of headspace services, sub-
threshold diagnoses were also included. The Patient Health
Questionnaire (PHQ-9) [26] was used to measure depressed
mood and somatic symptoms related to depression over the
past 2 weeks. Generalised anxiety symptoms during the
past 2 weeks were measured with the Generalised Anxi-
ety Disorder (GAD-7) scale [27]. Four other clinical symp-
tom measurements which may be associated with different
substance use profiles were also evaluated, including the
ten-item Rumination Response Scale (RRS-10; rumination)
[28], the Pittsburgh Sleep Quality Index (PSQI; sleep qual-
ity and disturbances) [29], the Clinical Anger Scale (CAS;
anger) [30], and the Prodromal Questionnaire—16 (PQ-16;
psychosis risk) [31].

Procedure

Informed consent was obtained from the young person and
a parent/guardian for those aged < 18 years. Following con-
sent, participants completed a comprehensive questionnaire
(via tablet) under the supervision of a research assistant.
A medical file review by research assistants provided addi-
tional clinical information such as diagnosis.

Statistical analysis

Analyses were conducted using R version 4.0.2 (2020-06-
22) and versions of packages used are provided in Table S2.
Detailed statistical procedures and statistical packages and
functions used are provided in Supplementary Material and
a brief summary is included below.

Evaluation of prevalence of use and harm

Prevalence of different types of substance use, polysubstance
use and associated harms in the past 3 months were first exam-
ined by demographic subgroups.

A zero-order correlation network

A zero-order correlation network analysis was conducted to
understand overlaps between all substance use and harm indi-
cators. Multidimensional Scaling (MDS) network plot was
used to visualise pairwise tetrachoric correlations (r,) or the
presence of use/harms of individual drugs (binary variable).
This plot has a direct graphical interpretation, with the shorter
distance representing a stronger association, thereby provid-
ing an overview of possible clusters and overall connectivity
between the variables (represented by nodes on the network)
[20].

Partial correlation network and centrality measures

To account for both direct and indirect links between the use
of different substances, the Gaussian graphical models (un-
regularised using the Glasso algorithm and stepwise model)
was used to estimate the partial correlation (r,,) network of
ASSIST substance-specific risk score (sum score for each sub-
stance log-transformed as nodes) [19]. The centrality of differ-
ent substances was measured using local centrality indicators
(strength, expected influence) and global centrality indicators
(betweenness, and closeness) of the nodes on the network [32].
In our analysis, the local centrality measurements represent the
strength of overall direct associations of a particular substance
on the use and harms of other substances, whereas global cen-
trality measurements identify substances with higher bridging
effect (connecting nodes between sub-clusters).

Variables associated with high centrality substances

We further classified the cohort into subgroups based on
whether the participants used high centrality substances.
Multinomial multivariable logistic regression models were
used to evaluate which demographic and clinical factors were
associated with different types of substance use. Missing data
(around 5%) were addressed using multiple imputation [33].
Multiple comparison adjustments were not conducted to avoid
increases in type Il error rate [34] for this exploratory study.

Results
The cohort of 1107 young people has been described else-

where [22]. The median age of participants was 18 years
(IQR 16, 20), and 65% were females. Approximately, a third
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of participants reported LGBTIQA+ (lesbian, gay, bisexual,
transgender, intersex, queer/questioning) status. Over three-
quarters of participants presented with a primary diagnosis
of anxiety and/or depression, and only 2% had a primary
diagnosis of substance use disorder.

Substance use patterns

Overall, 70% of participants reported some substance use
in the previous 3 months (see Table 1), with 63% reportedly
consuming alcohol, 33% smoking tobacco and 31% using an
illicit substance(s). Rates of any substance use were almost
doubled in 18-25 years old compared with 12—17 years old.
Overall rates of substance use were comparable between
males and females (sex at birth) with males slightly more
likely to engage in polysubstance use (use of more than one
substance in past 3 months). Participants of LGBTIQA+ sta-
tus reported higher rates of alcohol and illicit substance use.
Harms associated with substance use were also common.
About half of the cohort reported urges to use at least one
substance in the past 3 months, and about one-fifth or more
reported health, social, legal or financial problems, failure
to meet normal expectations, or concerns from close others
about their substance use.

Association networks

In the zero-order tetrachoric network (see Fig. 1), there were
substantial links between use/harms of different substances
(mean r, = 0.44, see Figure S1 in Supplementary Material).
Additional sub-clusters were observed, including tobacco,
cannabis and hallucinogens; ATS and cocaine. Opiates use/
harms were closely linked to use/harms associated with ATS
and sedatives. The partial correlation network and associ-
ated centrality indicators are plotted in Figs. 2 and S2. After
controlling for possible confounding effects between sub-
stances, the association between most pairs of substances
was retained (all r;, > 0) with strong links between: (i)
tobacco and cannabis (r,=0.48); (ii) ATS and hallucinogens
(r,=0.3); (iii) tobacco and alcohol (r,=0.28); (iv) ATS and
cocaine (r,=0.26); (v) and sedatives and opiates (r,=0.21).

ATS risk score had the highest local (strength and
expected influence) and global (betweenness and closeness)
centrality on the network, followed by cannabis with high
local centrality. The closeness centrality of cannabis use was
slightly lower than hallucinogens.

Considering the high centrality role of ATS and cannabis,
we divided the total cohort into four groups for further anal-
ysis, namely: (i) ATS use (may also use other substances;
n=284); (ii) cannabis use without ATS (may also use other
substances; n=223); (iii) use of substances other than can-
nabis and ATS, which was a group with primarily alcohol
and/or tobacco use (subsequently referred to as alcohol/

@ Springer

tobacco use, n=435); (iv) no recent substance use (n=7325).
The substance use and harm patterns of these groups, as
shown in Tables 2 and S3, suggest clear increases in the
number of substances used, frequency of using, and associ-
ated harms from the primarily alcohol/tobacco use group to
the ATS use group.

Associations with demographic and clinical
variables

Demographic and clinical variables that characterise the
four substance use groups are presented in Table S4. The
four groups had varying profiles across demographic factors.
Multivariable associations between demographic and clini-
cal measures and the four substance groups, estimated using
multinomial logistic regression, are provided in Table 3.
Compared with participants who reported no substance use,
those who reported substance use were older. The relative
risk of ATS use (compared with no substance use) was sub-
stantially higher among those presenting to regional cen-
tres (RRRAdj=3.13; 95% CI 1.79-5.48) and among those
working only (RRR 4 =8.41 relative to study only; 95% CI
3.18-22.22). In addition, cannabis use was associated with
LBGTIQA +status (RRR4;=1.66; 95% CI 1.06-2.59),
which was not observed for other groups. Compared to the
no substance use group, the cannabis group also had higher
levels of clinical anger (RRR4;=1.37 per one SD change
in CAS; 95% CI 1.08-1.74), and the alcohol/tobacco group
had slightly poorer sleep (RRR ,4;=1.28 per one SD change
in PSQI; 95% CI 1.02-1.59).

Comparisons of both cannabis and ATS with alcohol/
tobacco use are provided in Table S5, showing few distin-
guishing factors. Cannabis use is distinguished from alcohol/
tobacco used by being male, LGBTIQA + status, primary
diagnosis of depression and anxiety or other (compared to
depression), and higher anger. ATS use was differentiated
from alcohol/tobacco use by older age and other diagnosis
(compared to depression).

Discussion

Substance use and associated harms are complex phenom-
ena and new statistical methods can help to understand their
interrelationships. In this analysis, we used a novel statisti-
cal approach—network analysis—to examine interconnec-
tions between the use and harms of different substances, as
well the topology of the substance-using network, to gain
an understanding of substance use profiles in young people
first presenting to primary youth mental health services. The
results reveal the high frequency and significant interconnec-
tions of the use of different substances and their associated
harms, and show that ATS and cannabis played more central



1461

Social Psychiatry and Psychiatric Epidemiology (2023) 58:1457-1467

swojqoid [eroueuy Jo [eS9[ Te100s ‘Yieay 03 pa,

JOY0d[E puE 008qO} SUIPN[OXD SyjuOW ¢ Jsed AU} UI OUBISANS JUO URY) DIOW JO IS(),

[OYooTe puE 000eq0) SUTpN[OUT SYJUOW ¢ Jsed oY) UT 2dULISqNS SUO ULY) JIOW JO 3S(),

PIoY 1x93 991 ® se pajiodar sem jnq sdnois oueisqns LSISSV-OHM Urew ay) Aq parnyded Jou St yolyam S0urisqns 19Y30 10 SJUB[EYUI ‘SIANEPIS SPN[OUL SI0UBISNS J9YIQ0,

sprordo pue suaSouron[rey ‘aures0d ‘SIqRUUEd ‘S IV SOPN[OUT 20ULISqNS IO,

SUIOOUOD PAsnEd J0J () pue uone3dadxo fewsou payre) 10y O ‘swejqoid o3 pa[ 10j O
asn 0) 931n 10J (O ‘(JOYOOI[e pue 000eq0o} SUIPN[OXd) asn ddouerisqnsA[od 10f Gy (JoYyod[e pue 090eqo) Surpnour) asn ddueisqnsA[od 10§ O ‘(J9YI0 JO SJUB[RYU] ‘SOATIEPAS) asn SnIp I9YJo 10j ()G ‘asn
SSNIp JIOI[[T IO G “osn [OYOITE IO Q¢ “9sn 0098q0) 10} 76 * +VOLLIDT I0F §9 ‘YIIIq Je Xs I0J | opnjoul ejep SUISSIJA 1$a} parenbs-1y) woiy payewnse anjea d Yiim (%) U o1e pajuasaid sonsnels

9LE0 (%S0 SL (%) 791 S10°0 (%L2) 101 (%00) 6€1 100°0> (%60) €L1 (%¥1) L9 (%T0) 0¥C SUIOOUOD pasne))

o (%€0) 89 (%81) €61 12L0 (%02) SL (%61) 0£1 100°0> (%92) 181 (%11 ¥S (%61) SOT suone)oadxs [ewIou pafreq

950 (%SO vL (%€0) 991 1200 (%L2) 101 (%02) T#1 100°0> (%TE) 061 (%11 TS (%€20) THT Swdpqoid 0y p]

9€0'0 (%8 VLT (%IS)69€  YET0 (%6%) S81 (%¥S) ¥LE 100°0> (%69) 01% (%1€) 6¥1 (%S) 65 asn 0} a311)
asn 3nip Aue y)m pIJRIOOSSE SULIBH

(%91) 8% (%€1) 96 (%91) 8§ (%€1) L8 (%61 ¥11 (%8'9) T¢ (%¥1) 9¥1 asn SnipAjod

(%L7) 6L (%12 TS1 (%T0) T8 (%€7) 851 (%LT) 651 (%L1) 18 (%€20) 0¥C A[uo Snip suo Sursp

(%L TLT  (%99) SLY (%29) £€T (%49) evt (%¥9) 91¢ (%9L) 09€ (%¥9) 9.9 asn SnIp oN
€00 00 100°0> n:osoo_m pue 0008q0) SUTPN[IXI) SN 2UBISqNSA[O

(%8P) b1 (%1¥) 96T (%€P) 091 (%TY) 88T (%SS) e (%90) STl (%TY) 6¥1 asn Snipjod

(%82) €8 (%820) ¥0T (%€0) L8 (%1€ 11T (%¥€) 00T (%12) 86 (%87) 86T A[uo Snip suo Sursp

(%¥0) €L (%1¢) LTt (%¥€) 621 (%82) 161 (%11) 89 (%€$) TSt (%0¢) 0T€ asn SnIp oN
€50°0 S10°0 100°0> ,2sn 2oueISqNSA[0g
S600  (%LD)6b (%21) 68 8€9°0 (%21) 9% (%¥1) €6 100°0> (%L1) 001 (%$°8) O (%€1) 0F1 98N dUEISqNS 1YIQ
0200 (%99 801  (%627) LOT  90t°0 (%2¢) 0TI (%0€) £0T 100°0> (%0¥) €T (%61) 06 (%1¢€) € SN AOUBISQNS JOT[[
6200 (%69 90T (%29 v¥r  +00°0 (%LS) TIT (%99) TSt 100°0> (%28) 18% (%6€) ¥81 (%£9) $99 asn [OYOd[Y
PLIO (%L 601  (%TETET  1TT0 (%9¢) €€1 (%T€) 81T 100°0> (%EP) 16T (%12) 001 (%€€) 15¢€ asn 0008qO,

onead  (Jog=u) ok (8cL=u)ON onpead (68c=u)N (LIL=u)orwdg anpad (L09=u)Sc-81 (00S=u) L1-TI

smeIs +vOLLIDT YHIQ JE X 98V (LOTT=N) [[e32AQ OUSLIBIBIRYD

x3s pue dnoi3 o3e £q a1eo yireoy [ejuowr 10§ Sunuesaid ojdoad SunoA £(] | Jo d[yoid asn dourIsqns Yuow-¢ Ised | d|qel

pringer

a's



1462

Social Psychiatry and Psychiatric Epidemiology (2023) 58:1457-1467

Tobacco

1: Use (33.3%)

2: Urge to use (25.8%)

3: Led to problems* (10.6%)

4: Failed normal expections (3%)
5: Caused concerns (9.2%)

Alcohol

6: Use (62.8%)

7: Urge to use (39.6%)

8: Led to problems* (13.3%)

9: Failed normal expections (12.1%)
10: Caused concerns (9.9%)

Cannabis

11: Use (26.7%)

12: Urge to use (19.7%)

13: Led to problems* (7.7%)

14: Failed normal expections (7.5%)
15: Caused concerns (7.3%)

Cocaine

16: Use (3.3%)

17: Urge to use (1.1%)

18: Led to problems* (1%)

19: Failed normal expections (0.4%)
20: Caused concerns (0.7%)

o o0o0o0oO0

ATS

21: Use (8%)

22: Urge to use (4.2%)

23: Led to problems* (2.4%)

24: Failed normal expections (1.8%)
25: Caused concerns (2.8%)

Sedatives

26: Use (10.9%)

27: Urge to use (6.4%)

28: Led to problems* (1.5%)

29: Failed normal expections (2%)
30: Caused concerns (1.6%)

Hallucinogens

31: Use (5%)

32: Urge to use (2.1%)

33: Led to problems* (0.9%)

34: Failed normal expections (0.8%)
35: Caused concerns (0.9%)

oooo0o0

Fig. 1 Network plot of zero-order tetrachoric correction between
different substance use and harm indicators (dichotomised to “Yes”
or “No” from frequency). Links were displayed when there was evi-

. 1: Tobacco
. 2: Alcohol
3

: Cannabis
4: Cocaine

5: ATS
. 6: Sedatives
7: Hallucinogens

8: Opiates

Fig.2 Partial correlation network plot of log-transformed WHO-
ASSIST substance-specific risk scores. Line thickness indicates
strength of estimated partial correlations
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Opiates

36: Use (3.6%)

37: Urge to use (1.3%)

38: Led to problems* (0.4%)

39: Failed normal expections (0.5%)
40: Caused concerns (0.6%)

dence of pairwise association (p<0.05 using Fisher’s exact test).
*Led to health, social, legal or financial problem

roles with higher overall associations with use and harms of
other substances.

The prevalence of substance use in this cohort was
considerably higher than the general population. Find-
ings from the 2019 Australian NDSHS show that only 8%
of 14-19 years old and 24% of 20-29 years old have ever
smoked cigarettes, whereas, in our sample, rates of tobacco
use in the past 3 months for 12—17 years old and 18-25 years
old were 21% and 43%, respectively [5, 35]. The prevalence
of illicit substance use in the past year was reported as
15.9% for 14-19 years old and 31% for 20-29 years old in
the national sample [5], whereas 19% of 1217 years old and
40% of 18-25 years old in our sample reportedly used an
illicit substance in the past 3 months. Past 3-month ATS use
(8%) was also much higher compared with national figures
(0.9% for 1419 years old and 2.4% for 20-29 years old in
the past year) [9].

While most participants were still at the early stage
of mental ill-health [22], the interconnections observed
between all substance use and harm indicators were substan-
tial. Polysubstance use has been widely reported in youth
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Table 2 Patterns of substance use of 1107 young people presenting for mental health care by substance use group
Characteristic Overall (N=1107) Alcohol/tobacco Cannabis (n=223) ATS (n=84) p value
(n=435)
Number of substances used 1(0,2) 1(1,2) 3(2,3) 5(4,6) <0.001
Tobacco use 351 (33%) 123 (29%) 158 (73%) 70 (83%) <0.001
Alcohol use 665 (63%) 393 (91%) 191 (87%) 81 (96%) 0.042
Cannabis use 282 (27%) 0 (0%) 223 (100%) 59 (70%) <0.001
Cocaine use 35 (3.3%) 6 (1.4%) 8 (3.7%) 21 (25%) <0.001
ATS 84 (7.6%) 0 (0%) 0 (0%) 84 (100%) -
Sedative use 115 (11%) 56 (13%) 29 (13%) 30 (36%) <0.001
Hallucinogens use 52 (5.0%) 4(0.9%) 18 (8.3%) 30 (36%) <0.001
Opioids use 38 (3.6%) 8 (1.9%) 12 (5.6%) 18 21%) <0.001
Highest reported frequency of using any substance <0.001
Never 302 (31%) 0 (0%) 0 (0%) 0 (0%)
Once or twice 186 (19%) 157 (39%) 25 (13%) 4 (5.9%)
Monthly 119 (12%) 87 (22%) 29 (15%) 3(4.4%)
Weekly 166 (17%) 92 (23%) 54 (27%) 20 (29%)
Daily or almost daily 193 (20%) 63 (16%) 89 (45%) 41 (60%)
Harms associated with any substance use
Urge to use 559 (52%) 279 (64%) 197 (88%) 81 (96%) <0.001
Led to problems® 242 (23%) 88 (20%) 100 (45%) 54 (64%) <0.001
Failed normal expectations 205 (19%) 74 (17%) 83 (37%) 48 (57%) <0.001
Caused concerns 240 (22%) 89 (20%) 93 (42%) 58 (69%) <0.001

Statistics presented are median (IQR) and n (%) with statistical tests of Kruskal-Wallis test and chi-square test of independence. Participants
were grouped according to ATS use (may use other substances), cannabis use without ATS (may use other substances), primarily alcohol and
tobacco (use other substance use without cannabis or ATS) and no substance use. Missing data include 40 for substance use group and number
of substances used, 52 for tobacco use, 48 for alcohol use, 50 for cannabis use, 57 for cocaine use, 54 for sedative use, 59 for Hallucinogens use,
57 for opioids use, 141 for highest reported frequency of using any substance, 40 for urge of use, 40 for led to problems, 40 for failed normal

expectation and 40 for caused concerns

*Led to health, social, legal or financial problems

populations [36, 37]; however, the interplay between differ-
ent substances has rarely been evaluated. Recent develop-
ments in network analysis allow us to better understand the
dynamic interactions among symptoms [38].

Some substance-using sub-clusters were identified in
the zero-order substance use and harm correlation network,
such as the connection between cannabis with tobacco and
hallucinogens as well as the connection between ATS with
cocaine, hallucinogens and opiates. These major connections
remain strong in the partial correlation network, which indi-
cates that these links were not being confounded by other
substance use [39]. Although these links could be associated
with common underlying factors, it is also possible that early
interventions and treatment for one substance may directly
impact other substance use by young people. However, lon-
gitudinal data are required to confirm the potential causal
associations.

Among all the substance groups evaluated, ATS had the
highest centrality followed by cannabis. The high central-
ity, in this content, indicates stronger and wider independ-
ent correlations with other substances. In this cohort, ATS

use was a marker of the severe end of substance use with
young people in this group frequently using other substances
(such as cannabis, cocaine, hallucinogens and opiates) and
experiencing social and functional impairment associated
with their substance use. Similar findings are also observed
from cohorts of young people from the general community
[40, 41]. Although there was no strong evidence suggesting
clinical symptoms were associated with ATS use when other
factors were considered, this could be a result of a lack of
statistical power due to the small sample size in this group.

Cannabis use also had an important role in the over-
all substance use network with strong links, particularly
with tobacco and hallucinogens. In our cohort, 69% (114
out of 166) of daily tobacco smokers also used canna-
bis, which is substantially higher compared to non-daily
tobacco smokers (18%). These unequal rates are equivalent
to an unadjusted odds ratio of 9.8, which is much higher
compared with estimates from the general population [42,
43]. Although the link between cannabis and tobacco use
has been well established (e.g. gateway effect of tobacco,
common co-administration pattern with forms such as

@ Springer
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Table 3 Multinomial multivariable logistic regression predicting substance use group membership

Alcohol/tobacco vs. no substance use Cannabis vs. no substance use

ATS vs. no substance use

RRR,q; (95% CI) p value RRR,q; (95% CI) p value RRR,; (95% CI) p value

Age in years 1.36 (1.27-1.46) <0.001 1.33 (1.23-1.44) <0.001 1.58 (1.42-1.77) <0.001
Sex at birth

Female Ref Ref Ref

Male 0.67 (0.46-0.98) 0.037 1.00 (0.66-1.51) 0.996 0.87 (0.48-1.57) 0.651
LGBTIQA+

No Ref Ref Ref

Yes 1.05 (0.70-1.58) 0.806 1.66 (1.06-2.59) 0.027 0.92 (0.48-1.78) 0.807
Region

Metro Ref Ref Ref

Regional 1.96 (1.35-2.83) <0.001 1.95 (1.30-2.92) 0.001 3.13 (1.79-5.48) <0.001
Education and employment status

Studying only Ref Ref Ref

Working only 4.03 (1.99-8.15) <0.001 3.46 (1.64-7.33) 0.001 8.41 (3.18-22.22) <0.001

Studying and working 3.02 (1.95-4.67) <0.001 2.01 (1.22-3.32) 0.007 3.56 (1.57-8.04) 0.002

Not studying or working 1.39 (0.77-2.50) 0.272 1.98 (1.08-3.64) 0.028 3.08 (1.25-7.59) 0.015
Primary diagnosis

Depression Ref Ref Ref

Anxiety 0.66 (0.39-1.13) 0.129 0.80 (0.42-1.52) 0.492 0.94 (0.38-2.32) 0.901

Depression and Anxiety 0.88 (0.52-1.48) 0.633 1.44 (0.78-2.63) 0.241 0.97 (0.41-2.27) 0.942

Other 0.71 (0.40-1.23) 0.221 1.36 (0.71-2.60) 0.348 2.09 (0.88-4.99) 0.097
PHQ-9 0.87 (0.65-1.17) 0.358 0.88 (0.63-1.22) 0.444 1.09 (0.69-1.73) 0.708
GAD-7 0.86 (0.66-1.11) 0.235 0.86 (0.65-1.15) 0.323 0.81 (0.53-1.23) 0.314
RRS-10 1.06 (0.84-1.34) 0.607 1.06 (0.82-1.36) 0.656 1.40 (0.97-2.01) 0.071
PSQI 1.28 (1.02-1.59) 0.032 1.05 (0.82-1.34) 0.705 1.10 (0.77-1.57) 0.594
CAS 1.08 (0.86-1.35) 0.514 1.37 (1.08-1.74) 0.009 1.09 (0.79-1.51) 0.582
PQ-16 1.23 (1.00-1.52) 0.049 1.12 (0.89-1.41) 0.334 1.25 (0.90-1.73) 0.177

RRR4;: relative risk ratio estimated using multivariate multinomial logistic regression with missing data imputed via MICE. Participants were
grouped according to ATS use (may use other substances), cannabis use without ATS (may use other substances), primarily alcohol and/or
tobacco (use substances other than cannabis or ATS) and no substance use, and PHQ-9 (The Patient Health Questionnaire), GAD-7 (Generalised
Anxiety Disorder), RRS-10 (Rumination Response Scale), PSQI (Pittsburgh Sleep Quality Index), CAS (Clinical Anger Scale) and PQ-16 (Pro-
dromal Questionnaire) total scores were standardised for ease of comparison

blunts, spliffs or vaping, and shared genetic predisposi-
tions and environmental factors) [44, 45], this link seems
to be stronger among young people with mental ill-health,
warranting further investigation. Co-use, particularly co-
administration, of cannabis and tobacco can lead to a
greater level of harms [45, 46]. The co-use pattern may
also become more significant in recent years with vaping
devices becoming more popular and accessible [47, 48].
Targeted interventions, particularly delivered in mental
health care settings, are needed.

Interestingly, although the primarily alcohol/tobacco
group presented with the lowest level of substance use and
harms among all three substance use subgroups, harms such
as “lead to problems” and “failed normal expectations” were
commonly reported. This indicates the high vulnerability
of substance use-related harms in the mental health help-
seeking youth.

@ Springer

Considering the central role of ATS and cannabis, we
further divided the population into four groups and assessed
how demographics and clinical factors were associated with
substance-using patterns. Results suggest that substance use
groups were most strongly related to non-clinical factors.
Living in regional areas was found to be one of the most
important predictors of using substances, particularly ATS.
At the population level, rates of cannabis and ATS use were
only slightly higher in regional areas compared with met-
ropolitan areas [5, 49]. In our cohort, less than 6% of par-
ticipants from metropolitan areas used ATS compared with
more than 15% from regional areas. This substantive differ-
ence suggests the need for improved integration of care for
substance and mental health, particularly in regional areas
of Australia.

Another important issue to note is that substance use
was associated with engagement in education and/or
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employment. Those who were working or both studying
and working were found more likely to use substances; this
was found consistently in models adjusted for other factors
such as age and sex. The relative risk ratio of using ATS
relative to no substance use was more than 7 times higher
in the working only group compared with the studying only
group after controlling for confounding factors such as age.
Although this high risk may relate to access to money, it is
also possible that substance use, particularly ATS use, was
related to exposure through workplaces or early school dis-
engagement in this population [40].

There are some limitations of the study. The prevalence of
substance use and harms in this cohort may be biased due to
participation bias or response bias [22]. Our sample shared
some similarities and differences with headspace samples
reported previously, but overall it was largely representa-
tive of the patient characteristics [22]. However, care must
be taken in interpreting the results. The findings may not
generalise to other populations in Australia and other coun-
tries. For example, a high proportion (30%) of young people
reported an LGBTIQA + status, which, although comparable
to 26% in the national headspace data [50], may be higher
compared with other health service settings. The sample
also does not represent young people seeking help, but do
not have access to care. However, the analytical framework
provided here can be replicated in other datasets. Only cross-
sectional data were used to evaluate connections between
substance use variables, which limits our ability to under-
stand the directions of the network and longitudinal causal
associations between substance use. Cross-sectional data
also cannot differentiate between-individual relationships
and within-individual relationships [32], which suggests
that the observed associations may reflect either substance
using preferences between people or temporal variations in
drug of choice.

Clinical implications

We found that at first presentation to youth primary men-
tal health services, rates of comorbid substance use were
disproportionally high compared to the general population.
Moreover, a substantive subset of young people presenting
for care reported frequent use of a range of substances, as
well as clinically relevant harms associated with their use.
Despite this, only about 2-3% of headspace clients present
primarily for alcohol and other substance use [51]. This
reveals the need for screening and integrated care for both
substance use and mental health to accommodate the diverse
needs of young people presented in the primary mental
healthcare setting. As this high discrepancy may also be a
result of a lack of willingness to disclose to clinicians, meth-
ods for substance use screening and assessment in clinical

services should be co-designed with young people’s involve-
ment. More integrated care could also leverage the ready
presentation of young people with substance use for mental
health care to facilitate early intervention for substance use
problems. Clinicians should also be aware that cannabis and
ATS use could be a marker for more complex and multifac-
eted substance-using patterns, warranting a focus on targeted
treatments for these substances.
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