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One specific instantiation of the storm-and-stress view of adolescence is the 

idea that “normal” adolescence involves high-risk substance use behaviors. 

However, although uptake of some substance use behaviors is more common 

during adolescence than other life stages, it is clear that not all adolescents 

engage in risky substance use—and among those who do, there is much 

variation in emotional, behavioral, and contextual precursors of this behavior. 

One such set of predictors forms the internalizing pathway to substance use 

disorder, whereby internalizing symptoms in childhood such as negative affect 

and anxiety set off a chain of consequences culminating in high-risk substance 

use in late adolescence. However, findings linking internalizing symptoms to 

substance use are mixed, and it is clear that this link varies across adolescents 

and contexts. One heretofore unanswered question is whether and how 

geographic location, specifically whether the adolescent lives in an urban or 

rural location, moderates this link. The current report is a secondary analysis 

of data from the Longitudinal Study of Australian Children (LSAC; N  = 2,285), 

in which we examined the link between internalizing symptoms in childhood 

and initiation of substance use through age 19. Using a multiple event process 

survival mixture model (MEPSUM), we identified three trajectories of substance 

use initiation in adolescence: one (65.7% of the sample) characterized by near-

complete abstinence until late adolescence, another (27.2%) by earlier initiation 

of alcohol, nicotine, and cannabis, and another (7.2%) by early initiation of these 

substances and later initiation of more hazardous drugs such as cocaine and 

methamphetamine. Although childhood externalizing symptoms increased the 

risk of being in the second or third class, internalizing symptoms decreased risk 

when rural and non-rural adolescents were considered together. Few effects of 

rurality were found, but the negative relationship between internalizing at age 10 

and high-risk substance use was only observed among non-rural adolescents. 

This finding, which was inconsistent with our initial predictions that rurality might 

confer higher risk for substance use, instead suggests a potentially protective 

effect of internalizing symptoms for engagement in risky substance use which 

may differ based on an adolescent’s geographical context.
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Introduction

Internalizing pathways to high-risk 
substance use in rural and non-rural 
adolescents

Substance use can have deleterious effects on adolescents, 
including the risk of progression to substance use disorder (SUD) 
in adulthood (McCabe et al., 2022). However, not all adolescents 
develop harmful forms of substance use, and not all contexts 
present equal levels of risk (Miech et al., 2022). Adolescence is a 
period of increased sensitivity to the uptake of health risk 
behaviors, due in part to increased risk taking during this period, 
but cognitive, affective, behavioral, and situational factors interact 
to produce increased levels of risk (Romer et  al., 2017). The 
current study focuses on one potential pathway to substance use, 
through internalizing symptomatology throughout childhood and 
early adolescence, and examines the question of which 
environmental contexts are most conducive to this pathway 
unfolding. In particular, given recent evidence that adolescents in 
rural contexts may face different health risks than their urban 
counterparts (e.g., Jiang et al., 2016), we examine the question of 
whether and how internalizing and externalizing symptomatology 
interact with geographic location to produce different patterns of 
substance use initiation across adolescence. We  first review 
pathways from negative affect to unhealthy substance use in 
adolescence from a developmental psychopathology framework, 
and then examine the evidence for different risk pathways among 
rural vs. urban youth.

Negative affect and substance use in 
adolescence

A “storm and stress” framework, which has permeated both 
popular views of adolescents and academic theory and research 
(Montemayor et al., 1990; Buchanan and Bruton, 2016), highlights 
adolescence as a uniquely challenging time. In a critical review, 
Arnett (1999) argues that storm-and-stress theories are generally 
united by three domains in which adolescents struggle: negative 
mood or affect, conflict with parents, and engagement in risky 
behaviors. It is clear, however, that these issues do not manifest to 
the same extent, or interact with one another, in the same way 
across individuals and contexts (Arnett, 1999; Hollenstein and 
Lougheed, 2013). Other ways of conceptualizing risk in 
adolescence, such as the developmental psychopathology 
framework, or the “4T approach” (Hollenstein and Lougheed, 
2013), allow for more individual differences based on person and 
environment. Researchers working from such perspectives have 
sought to identify configurations of traits and experiences that 
drive adolescents toward and away from healthy development 
(Sroufe and Rutter, 1984; Cicchetti, 2010).

Within the study of health risk behaviors such as risky substance 
use, one commonly identified pathway begins with externalizing 

symptoms in childhood. The externalizing pathway to substance use 
is marked by a pattern of dysregulated behavior beginning in 
childhood, which is associated with an escalating pattern of negative 
consequences throughout adolescence. These consequences, 
including academic underachievement, interpersonal difficulties, 
and association with delinquent peers, have been consistently 
associated with substance use both separately and in combination, 
providing robust evidence for this externalizing pathway (Zucker 
et al., 2011; Englund and Siebenbruner, 2012).

A smaller literature links childhood internalizing symptoms, 
such as anxiety and depressed mood, to the development of 
substance use disorder. Under this pathway, negative affect may 
both directly motivate substance use (i.e., self-medication) and 
indirectly predict it over time through mediators such as difficulty 
socializing and loneliness (Hussong et al., 2011). Evidence for this 
pathway is somewhat more complicated than for the externalizing 
pathway, with mixed results concerning the connection between 
internalizing symptoms and substance use after controlling for 
co-occurring externalizing symptoms (Colder et al., 2010; Hussong 
et  al., 2017). Indeed, there is even some evidence that some 
internalizing symptoms, particularly anxiety, may be  negatively 
related to substance use (Pardini et al., 2004, 2007; Fischer et al., 
2012; Colder et al., 2013; Hersh et al., 2013; Scalco et al., 2014).

To the extent that internalizing symptoms in childhood are 
related to substance use during adolescence, it is clear that this 
association does not unfold in the same way for all adolescents. In 
particular, it can be hard to disentangle the effects of internalizing 
and externalizing symptoms, given the frequency with which 
internalizing and externalizing symptoms co-occur (Angold et al., 
1999). Indeed, there is evidence for an “externalizing branch” of the 
internalizing pathway, whereby internalizing symptoms in childhood 
(e.g., depressed mood, shyness) predispose one to some externalizing 
behaviors later on (e.g., fighting, acting out in school), which more 
proximally predict unhealthy substance use. This pathway has been 
documented cross-culturally in adolescent samples from 12 different 
countries (Rothenberg et al., 2020). Additionally, there is evidence 
that aspects of an adolescent’s social context moderate the effects of 
internalizing symptoms on substance use both at a stable and time-
varying level (Hussong et  al., 2018, 2020). Low levels of social 
integration and high levels of coping motives may strengthen the tie 
between negative affect and substance use behavior (Cole et al., 
2022). Affective and contextual moderators of this pathway need to 
be elucidated, in order to further understand which environments 
may be more conducive to this connection.

One of the main concerns with respect to substance use in 
adolescence is what constitutes high-risk substance use behavior. 
The Centers for Disease Control and Prevention defines it “as any 
use by adolescents of drugs with a high risk of adverse outcomes, 
such as injury, criminal justice involvement, school dropout, and 
loss of life” (CDC, 2022). However, this is a broad designation, 
which may refer to high quantity or frequency of substance use, 
using substances in dangerous situations (e.g., driving while 
intoxicated), early initiation of substance use, or the use of drugs 
such as opioids, cocaine, MDMA, or methamphetamine. Note that 
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we refer to the category of drugs other than alcohol, nicotine, and 
cannabis as “more hazardous” drugs hereafter, on the basis of their 
low base rates in adolescence and perceived danger to personal and 
public health. We avoid the term “hard drugs” and acknowledge the 
imprecision in our own terminology (Janik et al., 2017).

There is evidence that earlier initiation of more hazardous 
drugs is linked to greater probability of developing substance use 
disorder in adulthood (Hser and Anglin, 2010). It is thus useful to 
examine an adolescent’s pattern of substance use initiation across 
multiple substances. This task may be  accomplished using 
statistical models for the onset of multiple event processes. One 
such set of models is the multiple event process survival mixture 
(MEPSUM) model, which finds groups of individuals on the basis 
of multivariate patterns of hazard processes, in this case the 
initiation of the use of different substances (Dean et al., 2014). 
Multiple research teams have applied the MEPSUM model to 
substance use initiation, finding different groups of adolescents 
based on patterns of substance use onset (Dean et  al., 2015; 
Richmond-Rakerd et al., 2016). A commonly found set of patterns 
includes at least one group of adolescents who initiate the use of 
commonly used substances perceived as less hazardous to one’s 
health, such as alcohol, nicotine and marijuana, in mid-to late 
adolescence; at least one group of adolescents who initiate the use 
of these substances early in adolescence and the use of more 
hazardous drugs (e.g., cocaine, opioids) later on; and one group of 
adolescents who abstain from substance use across the entire time 
period. Membership to higher-risk classes is generally associated 
with certain demographic predictors, such as being male, as well 
as Big Five personality traits such as higher levels of extraversion 
and lower levels of agreeableness and conscientiousness, and 
externalizing symptoms (Richmond-Rakerd et al., 2016).

Risk mechanisms among rural youth

Within the United States, research supports variability in risk-
taking activities and frequency across geographic locations (Fahs 
et  al., 1999; Atav and Spencer, 2002). Despite the popular 
perception that urban environments are associated with increased 
risk, increasing attention to less explored areas suggests that some 
health risk behaviors may be  more common among rural 
adolescents. Using secondary data spanning 7th through 11th 
grade in five Upstate New York school districts, Atav and Spencer 
(2002) examined differences between rural, suburban, and urban 
students in their frequency of various risk behaviors. Results 
indicated that rural adolescents from the sample were more likely 
to smoke, drink alcohol, and use other drugs than were their 
urban and suburban counterparts. Jiang et al. (2016) also found 
increased use of substances such as alcohol and nicotine among 
rural adolescents ages 12 to 19 in Arizona, but decreased use of 
more hazardous drugs such as cocaine and MDMA, relative to 
their urban counterparts of the same age range (Jiang et al., 2016). 
Riding in a car with a drunk driver as well as possessing stronger 
feelings of leniency toward drinking alcohol have also been found 

to be  more common in rural areas within the United  States 
(Smalley et al., 2019). There are many possible mechanisms that 
produce differences between urban and rural adolescents in health 
risk behaviors. For instance, relative to urban adolescents, rural 
adolescents may have access to fewer leisure activities, both 
structured (e.g., school activities, sports) and unstructured (e.g., 
shopping, going to events), yielding more time in which to engage 
in risky behaviors (Hardre et al., 2009).

There are also reasons to believe that the links among 
internalizing symptoms, externalizing symptoms, and substance use 
are different among rural youth. One reason is that rural geographic 
locations may present unique environmental stressors that 
contribute to the development of internalizing and externalizing 
behaviors (Curtis et al., 2011). Limited available research suggests 
that rural adolescents may be particularly vulnerable to developing 
anxiety and aggression, which are associated with internalizing and 
externalizing symptomatology, respectively (Smokowski et  al., 
2013). These behaviors have been linked to unique demands from 
their environments, such as stigma surrounding various health 
issues (Spoth et al., 2001; Smokowski et al., 2013). Perceived stigma 
pertaining to discussing or seeking mental health resources has 
been identified as a particular issue in rural areas of Australia in part 
because of the lack of anonymity in communities with lower 
population densities (Boyd et  al., 2007; Brown et  al., 2015). 
Compared to urban communities, where large population numbers 
may permit a sense of privacy for individuals with health issues, 
rural communities often increase the sense of social visibility of its 
inhabitants. Stronger stigmas together with higher social visibility 
may exacerbate feelings of anxiety or anger in rural adolescents as 
there are fewer resources available to address these related needs 
without risk of communal disapproval or negative labeling 
(Schroeder et al., 2020). Thus, rural adolescents may face greater 
difficulties than non-rural adolescents in receiving diagnoses or 
treatment for mental-health-related issues and may be expected to 
be self-reliant and push through their problems independently of 
outside support (Keller and Owens, 2021). There is also often a 
general lack of accessibility of health resources in rural areas, both 
in the United States and Australia, which may present as fewer 
mental health clinicians, longer wait times, and lower availability of 
appointments (Boyd et al., 2011; Black et al., 2012). It is possible that 
these contextual effects also moderate the link between some 
externalizing psychopathology and substance use, for instance the 
restricted social networks and higher pressures for conformity may 
further contribute to rural youth modeling disruptive behaviors of 
others, such as participating in substance use, to avoid ostracization 
from their broader community (Cotter and Smokowski, 2016). 
However, given the robust link between externalizing and substance 
use, moderating effects of rurality may be less salient. By contrast, 
internalizing appears to be linked to substance use only in some 
individuals and under some circumstances; thus, environmental 
effects are of particular interest here.

Despite the growing evidence that rural adolescents may 
be uniquely vulnerable to engaging in certain risk behaviors as 
well as developing internalizing and externalizing symptomology 
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that is left untreated, the pathways at hand are certainly complex. 
Geographic setting is not expected to entirely explain these 
behaviors in adolescents, as adolescents in both rural and 
non-rural communities are at risk for negative outcomes from 
poverty (Crouch et  al., 2019) or unstable home environments 
(Tucker et al., 2018), among an array of other potential sources. It 
is especially important to distinguish the stressors associated with 
rurality from those associated with poverty. While in some places 
individuals in rural locations may be  of lower socioeconomic 
status than their urban counterparts, we  are interested in the 
unique context that rural environments represent, beyond their 
potential to overlap with poverty. To do so, we account for the 
socioeconomic status of adolescents in the sample in addition to 
their environment. Thus, our study is designed to better 
understand the role that geographic setting plays in risk 
and psychopathology.

The current study

In this study, we  were interested in the affective and 
psychopathological precursors of substance use initiation patterns, 
as well as the question of whether these precursors differ across 
geographic classification. We  hypothesized broadly that rural 
adolescents would be  at increased risk for an enhanced link 
between childhood internalizing or externalizing psychopathology, 
on the one hand, and a pattern of adolescent substance use 
characterized by early use of substances such as alcohol and 
tobacco, on the other. To test this hypothesis, we  applied a 
MEPSUM model to find different profiles of substance use 
initiation between the ages of 10 and 20. We assessed whether 
parent-and teacher-reported internalizing and externalizing 
symptoms in childhood predisposed adolescents to different 
patterns of substance use initiation, as well as whether this 
relationship differed in rural environments relative to urban ones.

These findings address the question of a storm and stress 
characterization of adolescence in at least two ways. First, to the 
extent that adolescent risk behaviors such as substance use are 
presaged by childhood patterns of mood or behavior, this would 
be inconsistent with the notion that adolescence is a discontinuous 
time of life, unique in its level of challenge and a result, primarily, of 
the biological changes underlying puberty and their sequelae. 
Second, a storm and stress characterization of adolescence predicts 
relatively universal change in maladaptive risk-taking at 
adolescence, although the timing of the changes might vary 
depending on the occurrence of biological changes or ubiquitous 
pressures for autonomy (Hall, 1904; Arnett, 1999; Buchanan and 
Bruton, 2016). If the developmental rates and trajectory of 
maladaptive substance use vary by childhood characteristics or 
context, such as geographical region, this would reduce the value of 
a storm and stress characterization, and be more consistent with a 
developmental psychopathology model, the latter of which puts 
more emphasis on individual differences, ranging from wellbeing 
to psychopathology, and is based on a combination of biological, 

individual, and contextual features rather than universal 
developmental changes (see also Hollenstein and Lougheed, 2013).

Materials and methods

Data come from Growing Up in Australia: Longitudinal Study 
for Australian Children (LSAC), an ongoing nationally representative 
longitudinal study of Australian children beginning in 2004. There 
are two cohorts, one of which was first measured at birth and the 
other of which was first measured at kindergarten; we used the 
kindergarten cohort due to its ability to capture the entire range of 
adolescence. We examine data from waves 4 (age 10) through 8 (ages 
18/19) based on the availability of our indicators of interest, 
described further below. Sampling and measurement procedures are 
described in detail elsewhere (Gray and Sanson, 2005).

Participants

The sample (N = 2,285) consists of all participants with data 
on substance use initiation at wave 8, as well as internalizing and 
externalizing symptoms at wave 4; of those originally assessed at 
wave 1, 45.9% of participants were retained in our sample. 
Demographic information for the sample is shown in Table 1. As 
shown, race and ethnicity were broken down according to whether 
participants were Aboriginal/Torres Strait Islanders or not. 
Information about the primary language spoken at home was also 
provided, indicating that a relatively small percentage spoke 
languages other than English at home. A majority of participants 
came from urban environments, and roughly 14.7% of participants 
came from rural environments; categories of urbanicity/rurality 
were operationalized as described below.

It is important to note that the 45.9% of the larger sample 
included in the current study were demographically different from 

TABLE 1 Demographic information for the analysis sample (N = 2,228).

  Percentage/mean (SD)

Male 50.33

Aboriginal/Torres Strait Islander 1.62

Language other than English spoken at home 6.66

Age at wave 8 in years 18.45 (0.503)

Socioeconomic status (SEP score) at wave 1 0.26 (0.97)

  Percentage initiated at any time over the study period

Alcohol 85.91

Cannabis 32.25

Hallucinogens 5.51

Inhalants 7.4

Cocaine 4.68

MDMA 11.95

Methamphetamine 2.31

Nicotine 44.72

Nonmedical use of prescription drugs 8.32
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the larger LSAC sample in a number of ways. Those who remained 
in the study at wave 8 were of higher socioeconomic status than 
those who did not participate in wave 8, t(4846.5) = −17.646, 
p < 0.001. Participants identifying as Aboriginal or Torres Strait 
Islander were less likely to be retained in the current sample, χ2 
(1) = 52.099, p < 0.001, as were those who reported speaking a 
language other than English at home, χ2 (1) = 37.87, p < 0.001. 
However, rural participants were no more or less likely to 
be retained, χ2(1) = 2.8682, p = 0.09, nor were male participants, χ2 
(1) = 0.49776, p = 0.4805.

Procedure

Data collection is described in detail elsewhere (Gray and 
Sanson, 2005). Children born between March 1999 and February 
2000 were randomly sampled within one of 311 randomly selected 
postcodes. Of the 18,800 families identified, 10,090 completed 
Wave 1 of the study; of these, 4,983 were in the kindergarten 
cohort studied here. After the initial assessment, follow-up 
assessments were conducted every 2 years, resulting in a total of 
nine possible waves of assessment at two-year intervals between 
the ages of four and 20 years. Each assessment entailed a battery 
of self-report measures to be answered by the study child’s primary 
parent, secondary parent if present, and the child’s educator. The 
self-report measures varied in length across waves, and consisted 
of a combination of face-to-face interviews, computer-assisted 
interviews, and self-report questionnaires. Informed consent was 
obtained from the child’s caregiver, and all procedures were 
approved by the Human Research Ethics Committee at the 
Australian Institute of Family Studies.

Measures

Childhood internalizing and externalizing 
symptoms

Internalizing and externalizing symptoms were assessed at 
waves 2–8. Because we are interested in predicting substance use 
initiation across adolescence prospectively, we use internalizing 
and externalizing indicators from wave 4 (age 10). The 
questionnaire was completed by the child’s primary parent, 
secondary parent (if present), and teacher. For the current study, 
responses from the primary parent are used.

Internalizing and externalizing symptoms were assessed 
using the Emotional Problems and Conduct Problems scales of 
the Strengths and Difficulties Questionnaire (Goodman and 
Goodman, 2009), respectively. Each of these was a five-item 
scale. For each item respondents were instructed to describe the 
child’s behavior over the past 6 months using one of three 
response options: not true, somewhat true, or certainly true. 
Internal consistency was satisfactory for internalizing 
symptoms (α = 0.72) but suboptimal for externalizing symptoms 
(α = 0.58).

Substance use initiation
At wave 8, adolescents were asked whether they used a number 

of different substances over the course of their life. If they said yes, 
they were asked at what age they first initiated use of that substance. 
For each substance, participants were asked whether they had used 
the substance; if they had, they were asked at what age they first 
initiated use. First use of alcohol was defined as the first full drink a 
subject took, and first cigarette use was defined as the first time a 
participant smoked any portion of a cigarette, even just a puff. 
Additionally, some substance use categories were generated by 
collapsing two or more larger categories. For instance, cannabis use 
was based on a participant’s response to a question about whether 
they had ever used marijuana or synthetic cannabis. The following 
substances were assessed: alcohol, cigarettes, cannabis (collapsed 
across cannabis and synthetic marijuana); methamphetamine 
(collapsed across ice and other methamphetamine); inhalants; 
cocaine; hallucinogens; MDMA; non-medical prescription drug use 
(collapsed across tranquilizers, painkillers, and stimulants).

Urbanicity/rurality
The Australian Statistical Geographical Standard (ASGS) has 

four categories for Section of State (SOS): major urban (urban 
centers with population > 100,000); other urban (urban centers 
with population between 1,000 and 99,000); bounded localities 
(areas other than urban centers with population > 500); and rural 
balance (areas with population < 500). Following the ASGS 
designation, we coded the first two categories as urban and the 
latter two categories as rural (Australian Bureau of Statistics, 
2016). This measure was administered at all waves; we use the 
measure from wave 4, when internalizing and externalizing 
symptoms were measured, here.

Socioeconomic status
Socioeconomic status was measured using a composite score 

calculated from each parent’s education level, income, and 
occupation status (Baker et  al., 2017). Occupation status was 
coded using the Australian and New  Zealand Standard 
Classification of Occupations (Australian Bureau of Statistics, 
2009). As with urbanicity/rurality, we  use the measure of 
socioeconomic status from wave 4.

Analytic plan

Data management was conducted using R, and models were 
fit using M-plus (Muthén and Muthén, 2017). All mixture models 
were estimated using the expectation maximization (EM) 
algorithm, which uses all available information (i.e., pairwise 
deletion) under the assumption that data are missing at random. 
Complex sampling was used in the original data collection, and 
therefore all analyses were conducted using longitudinal 
survey weights.

A multiple event process survival mixture model (MEPSUM; 
Dean et  al., 2014) was fit to each of the nine substance use 
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initiation variables described above. Indicators were collapsed into 
11 epochs corresponding to each year between ages 10 to 19. Data 
were coded such that each subject received a score of 0 for any 
epoch at which they had not initiated use of a given substance, and 
a score of 1 for the epoch in which they initiated the use of that 
substance, and all values afterward were set to missing. The 
number of classes was chosen after consulting the Bayesian and 
Akaike Information Criteria (BIC and AIC, respectively; Schwarz, 
1978; Akaike et al., 1998), as well as the Vuong Lo Mendell Rubin 
(V-LMR; Lo et al., 2001) likelihood ratio test. Lower values of the 
BIC and AIC indicate a better balance of fit and parsimony. The 
V-LMR tests the null hypothesis that a k-class model fits better 
than a k–1-class model; the chosen solution is the last one for 
which the test yields a significant result. Although we  would 
generally prefer to include the parametric bootstrap likelihood 
ratio test (BLRT), it is not able to be calculated when sampling 
weights are used. Note that we do not aim to reify these classes or 
imply that they are “real” in any sense—the main purpose of these 
classes is to generate data-driven classifications of substance use 
liability which can later be linked to predictors (i.e., a so-called 
indirect application of mixture modeling; Titterington et al., 1985).

After determining the number of classes, we  estimated the 
relationship between these classes and the following set of 
predictors: sex, Aboriginal/Torres Strait Islander background 
(ATSI), a binary indicator of whether a language other than English 
was spoken at home (LOTE), rurality, internalizing symptoms, and 
externalizing symptoms. We fit one model containing solely main 
effects, and another which also included two two-way interaction 
terms: the interaction between internalizing symptoms and rurality, 
and the interaction between externalizing symptoms and rurality. 
Thus, to avoid the configuration of classes changing with each 
re-fitting of the model, three-step estimation was used (Vermunt, 
2010; Asparouhov and Muthén, 2014). Thus, predictors did not 
affect the classes themselves.

Results

Substance use initiation rates are shown in the lower half of 
Table 1. When modeling the hazard of substance initiation, most 
functions had to begin after age 10 due to the extremely low rates of 
substance use initiation at earlier time points. This includes 
cannabis, for which there was negligible use before age 11; inhalants, 
MDMA, and amphetamines, for which there was negligible use 
before age 13; and cocaine and hallucinogens, for which there was 
negligible use before age 14. As shown, the rate of substance use 
initiation was generally quite low overall, with only alcohol, nicotine, 
and cannabis being tried by more than 25% of the sample by age 19.

The number of classes was selected after consulting the fit 
indices shown in Table 2. As shown, the BIC and LMR likelihood 
ratio test both favored a 3-class solution, whereas the AIC 
continued to improve with increasing classes. Disagreement 
among different criteria is common in class enumeration, and the 
BIC has (along with the bootstrap likelihood ratio test, which 

could not be used here due to complex sampling) been identified 
as a more reliable criterion than the AIC (Nylund et al., 2007). 
We therefore proceed with a 3-class solution, favoring the BIC and 
V-LMR over the AIC.

Three-class solution

Survival curves for substance use initiation under the 3-class 
solution are shown for each of the three classes in Figure 1.

Class 1, which describes roughly two thirds of the sample, was 
characterized by very low risk of substance use initiation across the 
study period. The risk of using any substances other than alcohol 
and nicotine was very low (< 5%) in this class. Both substances were 
initiated later than the other two classes; only at age 18 do members 
of this class have a more than 50% chance of having tried alcohol 
and a 20% chance of having tried nicotine. Note that, given that 
alcohol and tobacco are both legal to consume after age 18  in 
Australia, the typical member of this class engages exclusively in 
legal forms of substance use.

Class 2, which describes just over a quarter of the sample, is 
characterized by relatively early initiation of alcohol, tobacco, and 
cannabis use, with the initiation probability for these substances 
increasing rapidly between ages 13 and 16. Some more hazardous 
substance use is possible but relatively uncommon later on, with 
a roughly 25% chance of having tried MDMA by age 19 and a 
considerably lower (<15%) chance of having tried any other drug.

Finally, Class 3 was the smallest, describing roughly 7% of the 
sample. This class is characterized by early onset of alcohol, 
nicotine, and cannabis use, with risk beginning around age 12, 
culminating in an over 90% chance of having tried these 
substances by age 16. Later in adolescence, the risk for initiating 
MDMA, hallucinogens, and cocaine increases, with overall risk 
exceeding 50% by age 19. All substances have an over 25% 
initiation probability by age 19 in this class.

Taken together, the classes seem to increase somewhat 
continuously in overall substance use liability. They range from a 
majority of youth who do not engage in substance use except for 
late-onset experimentation with alcohol and nicotine (Class 1); 

TABLE 2 Fit statistics for classes with different numbers of solutions.

Num. 
classes

VLMR

AIC BIC χ2(73) p-value

1 31133.1 31,546

2 28007.8 28839.3 3271.299 <0.001

3 27259.6 28509.6 894.279 0.0012

4 27022.7 28691.2 391.784 0.2132

Akaike information criterion, Bayesian information criterion, and Vuong Lo Mendell 
Rubin test results for solutions with 1, 2, 3, and 4 classes. Note that the VLMR test 
comparing adjacent classes has 73 degrees of freedom, as a K-class solution has 73 more 
parameters than a K − 1-class solution in this case. Further note that a 5-class solution 
did not converge, and it is not considered further. The bolded text in table is in reference 
to our decision to utilize the 3-class solution, versus a 1, 2, or 4-class solution, to 
examine substance use initiation in our sample.
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to relatively early users of alcohol, nicotine, and tobacco who by 
and large do not engage in other substance use (Class 2); to those 
who initiate the use of alcohol, nicotine, and cannabis early, and 
move onto less normative, more hazardous forms of substance 
use later on (Class 3).

Predictors of class membership

Table 3 shows results from two multinomial logistic regression 
models predicting latent class membership from demographic 
predictors (male, ATSI, SES, LOTE), rurality, internalizing and 
externalizing symptoms at age 10. The left half of the table shows 
a model with only main effects; the right half shows a model with 
two-way interactions between rurality and both internalizing 
and externalizing.

As shown, there were relatively few demographic predictors of 
class membership. Speaking a language other than English at home 
was associated with a higher probability of membership to Class 1 
compared to Class 2 or Class 3. Identifying as Aboriginal/Torres 

Strait Islander was associated with an increased probability of being 
in Class 3 relative to Class 2 or Class 1. However, note that the 
percentage of ATSI participants was extremely low, suggesting that 
this finding is likely an artifact in our sample. Rurality did not 
predict class membership in any regression model.

Considering rural and non-rural adolescents together in the 
main effects model, childhood externalizing symptoms were 
generally associated with increased overall substance use liability. 
Adolescents who had been high in externalizing at age 10 were 
more likely to be  in Classes 2 or 3 than Class 1. By contrast, 
childhood internalizing symptoms appeared to exert the opposite 
effects; subjects high in internalizing were less likely to be  in 
Classes 2 or 3 than Class 1. However, the model including two-way 
interactions complicates this finding, with a two-way interaction 
between rurality and internalizing symptoms in predicting 
membership to Class 1. Figure  2 shows predicted class 
membership probabilities for rural and non-rural participants at 
the 25th and 75th percentiles of internalizing (corresponding to a 
score of 0 and 3 respectively). Among non-rural adolescents, high 
levels of internalizing symptoms appear to be associated with an 

FIGURE 1

Probability of initiating use of each substance for each class.
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increased probability of being in Class 1 than either Classes 2 or 
3, suggesting a somewhat lower probability of the use of alcohol, 
nicotine, and cannabis. As shown in Figure 1, this effect was not 
present among rural adolescents, with subjects high in 
internalizing symptoms actually being 1.8% less likely to be in 
Class 1 than their low-internalizing counterparts.

Discussion

The current analysis investigated the links between different 
patterns of adolescent substance use initiation and childhood 

internalizing and externalizing symptoms among rural and 
non-rural adolescents. Using a subset of the Longitudinal Study of 
Australian Children dataset, we applied survival mixture modeling 
to substance use initiation data between ages 10–19 and found 
three classes, which ranged in severity from near-abstinence 
(Class 1); to early initiation of alcohol, nicotine, and cannabis with 
some potential use of more hazardous drugs later (Class 2); to 
initiation of more hazardous drug use before the end of 
adolescence (Class 3). Rurality itself did not affect the probability 
of class membership, giving no evidence of geographical region 
impacts on substance use initiation patterns in this sample. 
However, more childhood externalizing was linked to a higher 

TABLE 3 Logistic regression parameters predicting class membership.

Main effects model Interaction model

Estimate 95% CI Estimate 95% CI

Lower Upper Lower Upper

Class 2 vs. Class 1

Intercept −0.584 ** −0.811 −0.357 −0.562 ** −0.799 −0.325

LOTE −0.923 * −1.699 −0.147 −0.93 * −1.704 −0.156

SES 0.043 −0.098 0.184 0.041 −0.100 0.182

Male −0.114 −0.371 0.143 −0.119 −0.378 0.140

ATSI −1.299 −2.965 0.367 −1.288 −2.950 0.374

Internalizing −0.155 ** −0.237 −0.073 −0.185 ** −0.277 −0.093

Externalizing 0.114 * 0.014 0.214 0.139 ** 0.035 0.243

Rural −0.024 −0.385 0.337 −0.126 −0.702 0.450

Internalizing x Rural 0.203 † −0.011 0.417

Externalizing x Rural −0.207 −0.536 0.122

  Class 3 vs. Class 1

Intercept −2.521 ** −2.937 −2.105 −2.466 ** −2.891 −2.041

LOTE −0.088 −0.921 0.745 −0.109 −0.936 0.718

SES 0.12 −0.111 0.351 0.115 −0.118 0.348

Male 0.132 −0.258 0.522 0.121 −0.267 0.509

ATSI 1.219 * 0.200 2.238 1.213 * 0.241 2.185

Internalizing −0.123 * −0.227 −0.019 −0.168 ** −0.293 −0.043

Externalizing 0.236 ** 0.075 0.397 0.26 * 0.080 0.440

Rural 0.379 −0.199 0.957 0.153 −0.731 1.037

Internalizing x Rural 0.221 * 0.001 0.441

Externalizing x Rural −0.145 −0.510 0.220

  Class 3 vs. Class 2

Intercept −1.937 ** −2.388 −1.486 −1.903 ** −2.360 −1.446

LOTE 0.835 −0.278 1.948 0.822 −0.287 1.931

SES 0.078 −0.175 0.331 0.074 −0.179 0.327

Male 0.246 −0.195 0.687 0.24 −0.197 0.677

ATSI 2.519 ** 0.820 4.218 2.501 ** 0.821 4.181

Internalizing 0.033 −0.096 0.162 0.017 −0.136 0.170

Externalizing 0.122 −0.043 0.287 0.121 −0.063 0.305

Rural 0.403 −0.203 1.009 0.279 −0.652 1.210

Internalizing × Rural 0.018 −0.247 0.283

Externalizing × Rural 0.062 −0.338 0.462

LOTE, language other than English at home; ATSI, Aboriginal/Torres Strait Islander; SES, socioeconomic status. 
†p < 0.1; *p < 0.05; **p < 0.01.
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probability of membership in the higher-risk substance use 
classes. Conversely, more childhood internalizing was linked to a 
lower probability of membership in these classes, such that 
adolescents who were identified as having greater levels of negative 
affect at age 10 were less likely to engage in risky substance use. 
There was also a significant interaction, such that the inverse 
relationship between internalizing symptoms and class 
membership was only apparent in non-rural adolescents. Taken 
together, these findings indicate a potentially protective effect of 
internalizing symptoms on substance use, one which may 
be moderated by geographic location.

Although the classes found here are better considered as a 
data reduction mechanism than meaningful categorical entities, it 
is important to consider the patterns of substance use initiation 
they represent in the context of those found in other samples. One 
benefit of this comparison is that it might provide insight into 
patterns of substance use beyond adolescence. When applied to 
substance use initiation data across age ranges spanning from 
adolescence through age 30, MEPSUM models have yielded 
solutions with four (Richmond-Rakerd et al., 2016, using the Add 
Health dataset) and six classes (Dean et  al., 2015 using the 
NSDUH). Interestingly, the proportion of the sample in Class 1 
here (comprising 65.7% of the sample) resembles a combination 
of two classes in each of these studies: the “relative abstainers” and 

“early adulthood users” found by Richmond-Rakerd et  al., 
comprising a combined 61.1% of that sample; and “general 
abstainers” and “later soft drug use” found by Dean et  al., 
comprising a combined 62.4% of that sample. It may be the case 
that the abstainers in Class 1 further separate into two patterns of 
substance use as they move through adulthood. Similarly, 
comparison to other adolescent samples helps to generalize to 
racial groups not explicitly considered here. For instance, when 
comparing patterns of substance use initiation among Black and 
White adolescent girls in the United States, Sartor et al. (2022) 
found differences between groups in the configuration of classes, 
but in both samples relative abstainers comprised just under 60% 
of the sample. We were not able to directly compare Black and 
White adolescents here, but this provides some indirect evidence 
of the generalizability of this pattern.

With respect to affective precursors of substance use, our 
findings are not inconsistent with the generally mixed findings 
concerning the pattern of relationships between internalizing 
pathways and substance use (Hussong et al., 2017). Some findings 
link elevated state-or trait-level depressive or anxious symptoms to 
more substance use, whereas others essentially find the opposite—
that internalizing symptoms may actually be  associated with 
decreased substance use liability (Pardini et al., 2004, 2007; Fischer 
et al., 2012; Colder et al., 2013; Hersh et al., 2013; Scalco et al., 2014). 

FIGURE 2

Class membership probability based on internalizing symptoms.
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This study’s results are more consistent with the latter set of findings. 
More broadly, the finding that internalizing symptoms in childhood 
predict lower-risk patterns of substance use in adolescence is 
consistent with the hypothesis that internalizing symptoms exert a 
“braking effect” on deviant behavior (Masten et al., 2005; Burt et al., 
2008). It has been hypothesized that, in some children and 
adolescents, some internalizing symptoms such as anxiety and 
shyness are reflective of high levels of behavioral inhibition, which 
may keep adolescents from seeking out dangerous contexts and 
engaging in risk behaviors. There is further evidence that 
internalizing symptoms may prevent risk behaviors by being socially 
limiting, as internalizing symptoms sometimes entail decreased 
social competence (Rogosch et al., 2010). Thus, it may be the case 
that internalizing symptoms are associated with exclusion from 
social contexts, such as parties or informal unsupervised social 
gatherings, in which risky substance use is more likely.

Under this logic, the interaction with rurality, whereby the 
increased probability of abstinence among adolescents with high 
levels of internalizing symptoms was only present in non-rural 
youth, may reflect differences between rural and urban youth in 
the structure of adolescent social ecosystems. Rural adolescents 
report perceiving less access to illicit substances (e.g., cannabis, 
MDMA) but greater access to legal substances (e.g., tobacco, 
alcohol) than their urban counterparts (Warren et al., 2015), a 
finding which is consistent with the prevalence of actual substance 
use among these groups (Jiang et al., 2016). It might be the case 
that differences in access between rural and non-rural adolescents 
are responsible for a different pattern of relationships between 
negative affect and substance use in these groups. However, this is 
only one possibility and considerably more research needs to 
be done before ascribing meaning to the interaction observed here.

In particular, it is important to exercise caution in interpreting 
the direction of this interaction, particularly in concluding that 
internalizing symptoms exert a protective effect only among 
non-rural adolescence. First, the percentage of adolescents in the 
sample from a rural area is relatively low, as less than 15% of the 
sample was classified as rural. In addition, the overall sample reported 
skewed levels of internalizing symptomatology; there were low levels 
of internalizing among the entire sample. The findings of this study 
may have yielded some preliminary evidence of internalizing 
pathways playing out differently between rural and urban adolescents, 
but the analyses should be  replicated in a study with a larger 
percentage of rural adolescents and greater reports of internalizing 
psychopathology for further understanding of this phenomenon.

Cultural considerations of the current 
study

It is important to consider the current study in the context of its 
geographic location. Although the LSAC represents a contemporary, 
nationally representative study of Australian youth, inferences based 
on the LSAC sample may not generalize beyond the population 
from which it was drawn, namely Australian youth between 2004 

and 2021. Given that much research on rural adolescents has 
focused on U.S.-based and to a lesser extent Chinese samples, there 
may be features of the rural communities sampled in LSAC that are 
challenging to equate with prior findings. As an example, note that 
the use of opioids, one of the most frequently cited health issues in 
U.S. rural communities during this time period, was not even asked 
about in this study (except for the inclusion of heroin under the 
heading of “other drugs” in some questions). This may be due to the 
relatively low rates of opioid misuse and mortality in Australia 
relative to the U.S, and Canada (Brown and Morgan, 2019).

The study possesses a number of other differences in 
measurement from many U.S.-based samples, perhaps most notably 
the omission of a variable explicitly assessing race beyond ATSI 
designation. Although information about language spoken at home 
provides some insight into adolescents’ ethnic and cultural 
background, it is by no means a perfect proxy. Moreover, the 
information we do possess indicates that this sample may be quite 
ethnically homogenous, with only 1.62% of participants identifying 
as ATSI and only 6.66% speaking a language other than English at 
home. Another measurement issue arises with the definition of a 
rural area, which was defined here as anywhere other than an urban 
center. Though a population of 1,000 generally appears to be a lower 
bound on the definition of an urban center in the ASGS, some areas 
referred to “bounded localities,” which are generally suburban 
regions with a rural character, are also considered rural even if they 
had more than 1,000 residents. By contrast, the US Census Bureau 
defines a rural area as any falling outside an Urbanized Area (UA) 
or Urban Cluster (UC), effectively corresponding to a lower bound 
of 2,500 residents. Even beyond this difference, it is clear that social 
and cultural definitions of rurality contain information that is not 
captured by population size; we were not able to incorporate this 
level of nuance here.

A final difference between Australia and the United  States 
which may bear on the results is that both alcohol and tobacco are 
licit for individuals 18 years or older (Australian Government 
Department of Health, 2022), whereas the legal age for both is 21 in 
the U.S. Thus, the use of these substances by adolescents may 
be perceived differently around the globe, as indicated by stricter or 
looser age requirements. This may also be related to the fact that 
lifetime alcohol use was more prevalent in the current sample 
(85.91%) than in American 12th grade students sampled during the 
same years (58.5%), despite the prevalence of nicotine use being 
similar and the prevalence of cannabis use being lower (Johnston 
et al., 2022). Moreover, given that one of the classes noted here 
(Class 1) was characterized by a nonzero probability of alcohol and 
tobacco use after age 18, it may be the case that members of this class 
were motivated to only engage in legal substance use. It is unclear 
whether the same results would be observed in the United States or 
other countries in which the legal drinking age is 21.

Limitations of the current study

The current study was characterized by a number of 
limitations. First is the issue of generalizability. While the LSAC 
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sample is nationally representative of the population of Australian 
adolescents, only 45.9% of this larger sample were included in the 
current analysis. As noted above, members of the current sample 
were of higher socioeconomic status, less likely to identify as 
ATSI, and less likely to speak a language other than English at 
home than members of the original LSAC sample who were not 
included. While survey weights may partially account for this 
discrepancy, it is important to recognize the limited generalizability 
of the subsample of LSAC included here.

Measurement represents another potential issue. The internal 
consistency of the internalizing and externalizing indicators 
(which was generally around 0.6) was suboptimal, which may 
have attenuated our estimates of the relationships among these 
constructs. Additionally, the relatively long period recall window, 
spanning ages 10 to 19, raises the possibility that participants were 
biased in their estimates of substance use initiation (Parra et al., 
2003). A final critical caveat is that we investigated internalizing 
symptoms in childhood as opposed to adolescence. It may be the 
case that higher levels of internalizing symptoms in adolescence, 
reflecting greater levels of negative affect in that time period, are 
in some cases promotive of higher levels of substance use-related 
risk. Future research must investigate the contemporaneous links 
among these variables.

However, one clear conclusion emerges from research into 
internalizing pathways to substance use: risky substance use and 
negative affect are not experienced in the same way by all 
adolescents. Understanding the relationship between them, as well 
as person-and context-specific moderators of this relationship, 
will help us move toward understanding each adolescent’s 
unique experience.

Implications for characterizing 
adolescents

The findings of this study highlight limitations of a storm and 
stress characterization of adolescence. It is true, and consistent with 
the theory, that risk taking in the form of substance use increased 
across the adolescent years. Nonetheless, a minority of adolescents 
(34%, in Classes 2 and 3) engaged in substance use, especially 
hazardous substance use, prior to the legal age. Although early or 
dangerous substance use in one-third of a group is of concern, 
accurately characterizing adolescents requires that we take note of 
the 66% who do not fit this profile. The largest class of adolescents 
(Class 1) initiated substance use relatively late in adolescence, with 
probabilities of initiating alcohol use exceeding 50% around age 17, 
and their substance use was limited to alcohol and nicotine, 
substances that are legal in Australia at 18 years of age. Thus, 
normative substance use seems more accurately characterized as 
age-appropriate and not especially hazardous. Furthermore, the 
fact that childhood behaviors, and to some extent geographic 
setting, predicted adolescent substance use trajectories is 
inconsistent with a storm and stress characterization emphasizing 
discontinuous changes in risk behavior that are primarily driven by 

biological change. We replicated earlier work showing that earlier 
initiation of and more dangerous substance use in adolescence is 
predicted by higher childhood externalizing (e.g., Racz et al., 2017; 
Krahé, 2020; Schmidt et  al., 2021). Additionally, although 
childhood internalizing was less likely to predict adolescent 
substance use than was childhood externalizing, the results 
indicated that internalizing symptoms were potentially protective 
against substance use, an effect which was stronger in some settings 
than others. In other words, personal and contextual factors that 
promote participation in social settings increase the risk for 
hazardous substance use. In sum, we find evidence that adolescent 
substance use is at least somewhat continuous with childhood 
patterns of behavior mood or behavior, and modified by social 
context. These findings reduce the value of a storm and stress 
characterization and are more consistent with models of adolescent 
development that emphasize individual differences, contextual 
influences, and the interactions among these factors and biological 
influences (e.g., Cicchetti, 2010; Hollenstein and Lougheed, 2013).
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