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Highlights

What are the main findings?

e Adolescents with high access and sociocultural privilege had more negative urine
drug screens during treatment but were more likely to have an alcohol use disorder
(AUD) diagnosis and to use multiple substances.

e  Socioculturally disadvantaged adolescents had more emergency department visits

e  During adolescent substance treatment.

What are the implications of the main findings?

e These findings suggest the importance of assessing sociocultural factors at the outset
of adolescent substance treatment.

e  Future research should evaluate interventions to address sociocultural factors as a
way to improve outcomes and promote health equity.

Abstract

Background: Adolescent mental health and substance misuse is a growing issue, dispro-
portionately affecting diverse youth and those in low-resourced, high-stress environments.
Yet, despite recent advances in evidence-based practices for adolescent substance use,
perpetuating factors remain under-explored and marginalized, and underserved groups
continue to be underrepresented. The current study aimed to investigate sociocultural fac-
tors impacting substance misuse and treatment outcomes. Methods: Data from adolescents
receiving combined mental health and substance misuse treatment at a regional safety-net
hospital were analyzed. Using Latent Class Analysis (LCA), demographic variables includ-
ing insurance coverage, area deprivation, race, ethnicity, age, gender, court involvement,
and primary mental health diagnoses were used to identify unique adolescent subgroups
based on these different sociocultural risk factors. Identified classes were tested as pre-
dictors of treatment engagement, length of treatment, future service utilization, substance
misuse, and urine drug screen results. Results: Five unique subgroups were identified,
differentially impacting substance misuse, future service utilization, and treatment out-
comes. Conclusions: These results highlight the need for improved access to resources for
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adolescents who have been marginalized and traditionally underserved. Furthermore, the
identified subgroups can inform future research and practice.

Keywords: comorbidity; person-centered analyses; adolescence; substance use; mental
health; latent class analysis; sociocultural positionality

1. Introduction

The World Health Organization characterizes adolescence—the developmental period
between the ages of 10 and 19—as a critical time for intervention to improve lifelong
health [1]. Adolescent substance misuse is a highly prevalent [2—4] issue disrupting health
with numerous short- and long-term consequences including relational challenges, poor
school engagement, justice system involvement, and cognitive impairments [5-7]. Ado-
lescent substance misuse is also associated with increased risk of misuse in adulthood [8]
and is a leading cause of adolescent mortality [9-12]. Compounding this significant issue,
adolescent substance misuse and mental health concerns often co-occur [13]. Specifically,
based on national data reported in 2024, of adolescents with a substance use disorder,
2 out of 5 also had a mental health disorder [3]. Furthermore, adolescents with co-occurring
mental health concerns are more likely to engage in some types of substance misuse includ-
ing binge drinking and tobacco use [3]. The comorbidity of substance misuse and mental
health concerns amplify the negative outcomes for adolescents [14-17] and contribute to
the high mortality rates found in past research [9-12], amplifying the impact of adolescent
substance misuse and mental health concerns on society more generally [18].

Despite the obvious need for targeted and effective prevention and treatment options
and the recent advances in this area [19-21], combined substance misuse and mental health
concerns in adolescence continue to be an understudied and under-practiced area. Un-
fortunately, according to results from the 2024 National Survey on Drug Use and Health,
there continue to be major gaps in knowledge, with 93.3% of adolescents who qualify
for a substance use disorder not perceiving a need for treatment [3]. Similarly, access to
treatment for those who need it is lacking. In fact, while 9.3% of adolescents were in need
of substance use treatment in 2024, only 2.8% received treatment due to this knowledge
gap and to limitations in access [3]. Furthermore, of those with co-occurring substance
use and mental health concerns, 3 in 10 adolescents did not receive treatment for either
condition, and only 25% received treatment that addressed both conditions [3]. In other
words, less than one-third of adolescents in the United States with a dual diagnosis received
adequate care in 2024 [3]. This gap in access, though significant in all populations, dispro-
portionately impacts adolescents from traditionally underrepresented and underserved
backgrounds [22-25], who are also often at higher risk due to environmental factors includ-
ing resource scarcity [26,27]. While treatments that center sociocultural factors have been
created and have shown promise [21], it remains unclear if these treatments are serving
adolescents across diverse sociocultural groups and if there are ways to improve prevention
and intervention efforts based on individual sociocultural and diagnostic needs.

One way to begin filling this gap is to leverage person-centered approaches to better
understand the unique treatment risks, needs, and outcomes of different groups. Latent
class analysis (LCA) is one such approach that identifies unique subgroups driven by
data [28]. Although other clustering methods exist, LCA has emerged as a preferable
method as it allows for the data-driven classification of unobserved subpopulation group-
ings based on both categorical and continuous variables [28]. Indeed, latent class analysis
(LCA) has been applied widely to identify distinct subgroups and investigate the ways in
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which these subgroups predict outcomes [29]. Research has leveraged LCA to elucidate risk
and resilience related to substance misuse in adolescents attending primary care visits [30]
and seeking mental health treatment [31], with findings identifying older adolescents and
those who have poorer physical and mental health to be at a greater risk of substance
misuse and polysubstance use. However, the current literature centers a preventative
lens, not yet expanding to better understand the unique presentations and needs within
a treatment seeking population to improve and tailor intervention techniques. This next
step in research not only serves to advance future research efforts but can also be utilized
in clinical conceptualization and treatment alongside the American Society of Addiction
Medicine (ASAM) criteria which allows for person-centered treatment matching based on
an individual’s risk and relapse potential [32]. Furthermore, implications of adolescent
sociocultural and mental health factors on substance use, treatment engagement, and treat-
ment outcomes have yet to be explored, an important next step in understanding unique
risk factors and utilizing these factors to inform targeted prevention and treatment.

To address this gap, the current study employs LCA to identify subgroups of adoles-
cents in treatment for combined substance misuse and mental health concerns based on
sociocultural and diagnostic factors. Specifically, insurance coverage, area deprivation (a
calculation used to assess the social deprivation of an individual’s geographic area [33]),
race, ethnicity, age, gender, court involvement, and primary mental health diagnoses will
inform the data-driven classes which then can be used to predict substance misuse, treat-
ment engagement, outcomes, and future treatment utilization. The primary purpose of
the proposed LCA is to investigate the interplay between unique risk factors and thus
encourage a person-centered approach to clinical conceptualization and care. As LCA is
designed to be exploratory in nature and a person-centered analysis like the one presented
here has not been conducted prior, we do not have specific hypotheses regarding the char-
acteristics of defined groups or their outcomes. However, given the documented impact of
sociocultural risk factors on treatment engagement [22-25], we would expect classes with
higher sociocultural risk will display less treatment engagement overall.

2. Materials and Methods

Denver Health is Colorado’s safety-net healthcare system that serves almost
300,000 patients annually, of which almost 8% have a substance use disorder (SUD) [34].
We conducted a latent class analysis (LCA) to define subgroups of adolescents enrolled in
Denver Health’s Substance Abuse Treatment, Education, and Prevention (STEP) program.
STEP is an outpatient behavioral health and substance treatment program that specifically
works with adolescent patients, offering a variety of treatment options for adolescents
seeking combined mental health and substance use treatment. STEP provides traditional
outpatient therapy, an intensive outpatient program (IOP), psychiatric medication manage-
ment, and medication assisted treatment to those with an opioid use disorder [35]. As a
component of the state safety-net healthcare system, the majority of patients seen at STEP
are on Medicaid or uninsured [36]. Adolescents in STEP with elevated risk factors may also
utilize Denver Health’s other services including the inpatient psychiatric hospital, pediatric
emergency department, and inpatient withdrawal management program which provides
medication management and inpatient psychotherapy to adolescents in need of support
during substance withdrawal and at high risk of relapse [34,35].

Data for the current study were extracted using a retrospective chart review and was
approved for exemption by the Colorado Multiple Institutional Review Board. All STEP
patients aged 12-19 years who completed an intake assessment between 11 April 2016
(when the electronic health record (EHR) was first launched at Denver Health) and
31 July 2025, were eligible for inclusion in the current study. The patient-level cohort
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was extracted using Python v3.9 (Python Software Foundation, Beaverton, OR, USA) from
the EHR. A total of 1292 adolescents had an intake at STEP within our timeframe. Due
to the utilized time range, seasonality tests were conducted based on intake data. These
analyses illustrated predictable intake fluctuations yearly, suggesting intake date would
not significantly affect outcomes.

Following the initial data extraction, eight categorical indicators were selected and
dichotomized into one of two categories prior to identifying latent classes: race (non-White,
White), ethnicity (non-Hispanic, Hispanic), age group (<16 years, >16 years), insurance
type (public, private), gender (cisgender boy, cisgender girl), area deprivation index (ADI;
low/moderate, high), court involvement at intake (yes, no), and any mental health diag-
nosis at intake (yes, no). The non-White group included adolescents identifying as Black,
Asian, American Indian or Alaska Native, and/or Pacific Islander. Court involvement at
intake was defined as patients who were referred to STEP from law enforcement. ADI is
a patient-level calculation using metrics such as income, education, housing availability,
and employment. The ADI state decile rank places the least disadvantaged patients at a
score of 1 and the most disadvantaged patients at a score of 10. High ADI was defined as a
state decile rank greater than 7, with low/moderate defined as a rank less than or equal
to 7. Given the number of covariates included in the model, variables were dichotomized
to simplify model interpretation. Patients with other or unknown responses for any in-
dicator were excluded from the LCA due to small counts. Similarly, those with missing
indicator data were excluded from the latent class analysis and subsequent analyses to
ensure model accuracy. Collapsing subgroups that comprise less than 10% of the sam-
ple is a common practice in LCA modeling and promotes higher model parsimony [28].
However, although dichotomization and small subsample exclusion allowed for ease of
interpretation and larger subsamples, this approach also introduces bias, which could
impact class differentiation and generalizability. This exclusion resulted in a total sample of
1148 adolescents. All variables except for ADI were measured at the time of the patient’s
intake. Outcomes of interest included measurements of treatment engagement, hospital
service utilization, substance use disorder (SUD) diagnoses, and urine drug screen (UDS)
results. Treatment engagement outcomes included percent of STEP sessions attended,
percent of STEP sessions missed, number of intensive outpatient program (IOP) sessions
attended, average days between attended sessions, and number of gaps > 30 days between
sessions. Hospital service utilization outcomes included number of emergency department
(ED) visits, number of inpatient hospitalizations, and any withdrawal management visits
after intake. SUD outcomes included alcohol use disorder (AUD) diagnoses at intake,
opioid use disorder (OUD) diagnoses at intake, cannabis use diagnoses at intake, and
whether multiple SUD diagnoses were present at intake. A SUD diagnosis was determined
by the presence of an F1* ICD-10-CM code at patient intake (e.g., F10 codes for AUD, F11
codes for OUD, etc.). Stimulant use disorder (SUD) was not used as an explicit outcome
due to the low prevalence of stimulant use ICD-10 codes (F15) for this population. UDS
outcomes only include UDSs collected in the STEP clinic which are collected weekly for
each adolescent regardless of referral source (e.g., court referral). UDS outcomes included
percent of negative UDSs overall and percent of negative UDSs for the primary substance.
Primary substance for UDS results was determined based on whether a substance diagnosis
was the primary diagnosis on the patient’s intake. All outcomes were measured after the
initial STEP intake, except for SUD diagnoses, which were recorded at intake. Counts of
sessions attended, sessions missed, and UDS outcomes were considered, but proportions
were ultimately chosen to adjust for differences in treatment plans and testing frequency
across our cohort. Listwise deletion was utilized in cases of missing outcomes data which
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resulted in n = 819 for UDS outcomes analyses and #n = 704 for UDS primary substance
analyses. No other outcomes data was missing.

Latent class modeling and subsequent analyses were performed in RStudio v4.5.1
(Posit Software, PBC, Boston, MA, USA) using poLCA v1.6.0.1, tidyverse v2.0.0, dplyr v1.1.4,
tidyr v1.3.1, purrr v1.1.0, psych v2.5.6, emmeans v1.11.2, rcompanion v2.5.0, and ggplot2 v.3.5.2.
Although a specific BCH method [37] package is not available in RStudio, a random seed
was set before generating models to keep model and class designations consistent for
predicting outcomes. Participants were assigned to classes based on their highest posterior
probability of membership. Continuous outcomes were analyzed using one-way analysis of
variance (ANOVA) and across classes with Tukey’s Honestly Significant Difference (HSD)
tests applied to significant outcomes for pairwise comparisons. p-values of continuous
outcomes were subject to a false discovery rate correction to control for false positives
across multiple statistical tests. Binary outcomes were analyzed using logistic regression
with likelihood ratio tests for overall class differences, followed by pairwise comparisons
of estimated marginal means (EMMs) with Tukey adjustment. Statistical significance was
set at « = 0.05 for all tests.

3. Results

The majority of our sample identified as White (71%), followed by Black (13%), Other
(11%), Asian (1.5%), American Indian or Alaska Native (1.5%), or Other Pacific Islander
(0.1%); almost 3% were missing data for their race. Nearly half of participants (46%)
identified as Hispanic, with 52% identifying as non-Hispanic and around 2% missing data
for their ethnicity. Around two-thirds of participants self-identified as boys (64%), followed
by girls (33%), with the remainder identifying as transgender girls (0.9%), non-binary (0.8%),
transgender boys (0.7%), gender fluid (0.4%), other (0.3%), or agender (0.1%). Participants’
ages ranged from 12 to 19 years, with a mean age of 15.8 years. Most participants had
Medicaid insurance (65%) at their intake, followed by commercial insurance (32%), with
other insurance types comprising less than 2% of the sample. Half (50%) had a documented
mental health diagnosis at intake, and 7% were referred to STEP through law enforcement.
The mean state decile rank for area deprivation index was 5.2, indicating a moderate level
of neighborhood disadvantage within the cohort. See Table 1 for the full distribution of
demographic variables pre-dichotomization.

Table 1. Descriptive Statistics of Study Cohort (n = 1292).

Categorical Indicator Level 1 (%)
White 914 (71)
Black 164 (13)
Other 137 (11)

Race Unknown 38 (2.9)
Asian 19 (1.5)
American Indian or Alaska Native 19 (1.5)
Other Pacific Islander 1(0.1)
Not Hispanic 666 (52)

Ethnicity Hispanic 600 (46)

Unknown 26 (2.0)
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Table 1. Cont.

Categorical Indicator Level n (%)
Boy 828 (64)
Girl 424 (33)
Transgender Girl 11 (0.9)
Non-Binary 10 (0.8)
Gender Transgender Boy 9(0.7)
Gender Fluid 5(0.4)
Other 4(0.3)
Agender 1(0.1)
Medicaid 839 (65)
Commercial 413 (32)
I Self-Pay 20 (1.5)
nsurance Special Billing 11 (0.9)
Financial Assistance 8 (0.6)
Worker’s Comp 1(0.1)
. . Yes 649 (50)
Mental Health Diagnosis No 643 (50)
Y 96 (7.0
Court Involvement Neos 119( 6 (9)3)
Continuous Indicator Mean + SD
Patient Age 158 £ 1.5
Area Deprivation Index (ADI) State Decile Rank (1-10) 52426
Binary Outcome * Level n (%)
. Yes 1047 (81)
Cannabis Use No 245 (19)
Y 277 (21
Alcohol Use Disorder Necf 101 5( (7)9)
.. . Yes 196 (15)
Opioid Use Disorder No 1096 (85)

. Yes 426 (33)
Multiple Substance Use No 866 (67)
Withdrawal Management  Yes 42 (3)
Visits No 1250 (97)
Continuous Outcome * Mean £ SD
IOP Sessions Attended 1.6 £ 6.6
STEP Sessions Attended 19.5 + 26.6
STEP Sessions Missed 13.8 £ 16.0
Average Days Between Sessions 13.9 £ 179
30-Day Gaps Between Sessions 1.0+17
Inpatient Hospitalizations 03409
Emergency Department Visits 1.5£3.0
Negative UDS 04+04
Negative UDS, Primary Substance 05+04

Notes. * All binary outcomes and all categorical indicators, except ADI (Area Deprivation Index), were measured
at the time of patient intake. ¥ All continuous outcomes were measured after patient’s intake.

Prior to conducting the LCA, we investigated descriptive statistics and bivariate
correlations of the LCA indicators (See Figure 1). Associations between demographic,
clinical, and socioeconomic variables were generally small, with a few exceptions. Ethnicity
showed the strongest associations, being moderately related to insurance type (¢ = 0.363)
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and ADI (¢ = 0.209). Insurance type was also moderately associated with ADI (¢ = 0.225)
and race (¢ = 0.206). Likelihood ratio tests of bivariate residual associations indicated strong
associations between ethnicity and insurance (p < 0.001), ethnicity and ADI (p < 0.001), and
race and insurance (p < 0.001). Moderate associations were found between gender and
mental health diagnosis (p = 0.002) and race and mental health diagnosis (p = 0.013). Other
variables showed little or no residual dependence.
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Figure 1. Bivariate Correlation Heatmap of Indicator Variables (1 = 1148). Notes. The figure shows
bivariate associations in a heatmap between all of our indicator variables in this study. Variables
in orange or red are more closely associated with each other, and variables in blue are not very
associated with each other. ADI = Area Deprivation Index.

LCA models with 1-7 classes were defined using maximum likelihood estimation
with multiple random starts (n = 5), a maximum of 1000 iterations, and a convergence
tolerance of 1 x 10719, Model fit was assessed using Akaike Information Criterion (AIC),
Bayesian Information Criterion (BIC), entropy, log-likelihood, and minimum class size.
Final model selection was based on a combination of statistical fit, interpretability, and
clinical relevance. Both the 5-class and 6-class models demonstrated favorable fit statistics;
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however, the 6-class model showed evidence of overfitting, with one class comprising only
6% of the sample and lacking clinically distinct characteristics. Slightly higher average
posterior probabilities for the six-class model (range 0.65-0.97) compared to the five-class
model (range 0.56-0.88), and the higher entropy score of the 6-class model were considered.
However, given that entropy score should not be used as the sole criterion for model
selection [28], the more favorable AIC and BIC of the 5-class model and the lack of clinical
significance of the additional produced class in the 6-class model outweighed the higher
entropy score of the 6-class model (see Table 2 for model fit statistics). As a test of robustness,
we replicated these analyses with non-dichotomized variables. The resulting 5-class model
demonstrated a highly similar pattern of class characteristics, with the exception of the ADI
variable which illustrated a broader distribution. Given the consistency in results overall,
we retained the dichotomized models for ease of interpretation and parsimony.

Table 2. Fit Statistics for All Tested Models.

Model Min. Class Size  Log Likelihood AIC BIC Entropy

1 100% —5371 10,759 10,799 -

2 30.4% —5195 10,423 10,509 0.734
3 31.1% —5157 10,367 10,498 0.623
4 17.7% —5144 10,357 10,534 0.576
5 9.8% —5134 10,355 10,577 0.674
6 6.7% —5125 10,356 10,623 0.781
7 1.8% —5116 10,356 10,669 0.709

The key characteristics from each class in the 5-class model are presented below
followed by a descriptive class label (see Figure 2 for class characteristic visualization).
The most defining features for classes appeared between ADI ranking, ethnicity, race, and
mental health diagnoses.

Class 1: Adolescents presenting with moderate structural access and low mental
health (MH) needs accounted for 23% of the sample. This class was predominantly non-
White, non-Hispanic, and male, with most holding public insurance and most not having a
mental health diagnosis.

Class 2: Adolescents presenting with moderate structural access and high MH needs
accounted for 27% of the sample. This class was largely White, Hispanic, with public insur-
ance, all low/moderate ADI rankings, and a high prevalence of mental health diagnoses.

Class 3: Adolescents with low structural access and court-involved accounted for 11%
of the sample. This class was almost all White, Hispanic, male, younger than 16, publicly
insured, with high ADI rankings, high court involvement, and very low prevalence of
mental health.

Class 4: Those with high access and sociocultural privilege accounted for 29% of the
sample and was predominantly White, non-Hispanic, and privately insured, with mostly
low /moderate ADI rankings and no court involvement.

Class 5: Finally, adolescents with low structural access and high MH needs accounted
for 10% of the sample. This class was primarily non-Hispanic, female, and publicly insured,
with high ADI rankings, and a high prevalence of mental health diagnoses.

Once the classes were estimated, we examined descriptive statistics and bivariate
correlations of the classes and included outcomes (see Figure 3). Diagnostic checks indi-
cated that several indicators (e.g., Court Involvement, Race, Insurance, and Ethnicity) were
completely homogeneous within a class, rendering standard errors inestimable. Among
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outcomes, the strongest associations were observed between treatment engagement mea-
sures. The percent of sessions attended had a perfect negative correlation with sessions
missed (r = —1.00). This was to be expected, since sessions can only be either attended or
missed. In terms of clinical outcomes, the percentage of negative urine drug screens was

strongly associated with the percentage of primary SUD-negative tests (v = 0.75). Substance
use disorder indicators were also interrelated. Alcohol use disorder (AUD) was strongly
associated with polysubstance use disorder (r = 0.55), and opioid use disorder (OUD)
was moderately correlated with polysubstance use disorder (r = 0.27) and cannabis use
(r = 0.29). Other variables showed little or no residual dependence.

100%

5%

50%

Probability (%)

25%

0%

== Class1 == Class2 == Class3 == Class4 = Class 5

Figure 2. Latent Class Profile Plot of Indicators in 5-Class Model. Notes. Figure 2 illustrates
the probabilities of endorsement for each class. Class 1 = Moderate access, low MH needs;
Class 2 = Moderate access, high MH needs; Class 3 = Low access, court-involved; Class 4 = High
access, sociocultural privilege; Class 5 = Low access, high MH needs; Error bars were inestimable
due to within-class homogeneity.

Finally, the groups were held constant utilizing the random seed set prior to class
estimation and utilized to estimate the intended outcomes. Group differences were ob-
served for several outcomes (Table 3). Among continuous outcomes, significant effects
were seen in emergency department visits (p < 0.001, > = 0.03), percent of sessions attended
(p =0.002, 1% = 0.02), percent of sessions missed (p = 0.002, n? =0.02), percent of negative
urine drug screens (p = 0.014, n? = 0.02), and percent of negative urine drug screens for the
primary substance (p = 0.028, > = 0.02). Counts of urine drug screens were analyzed as a
test of robustness and produced similar significance results. No significant group differ-
ences were found for treatment engagement measures (number of IOP sessions attended,
average days between sessions, 30-day gaps), inpatient hospitalizations, or withdrawal
management visits. For categorical outcomes, significant associations were seen in opioid
use disorder diagnoses (p = 0.018, n? = 0.02), alcohol use disorder diagnoses (p = 0.004,
12 = 0.02), and multiple substance diagnoses (p = 0.005, n? = 0.02). Cannabis use diagnoses
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and withdrawal management visits were not significantly different across groups. Effect
sizes for all significant findings were small (n? = 0.02-0.03).
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Figure 3. Bivariate Correlation Heatmap of Class and Outcome Variables (n = 1148). Notes. Figure 3
shows bivariate associations in a heatmap figure between our class groupings and outcome variables
in this study. Variables in orange or red are more closely associated with each other, and variables
in blue are not very associated with each other. # = variable coded using counts. % = variable is a
percentage. UDS = Urine Drug Screen.
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Table 3. Analysis of Variance (ANOVA) Results for Continuous Outcomes and Logistic Regression
Results for Categorical Outcomes (1 = 1148).

Analysis Outcome

p-Value (p < 0.05)  Effect Size (n?)

IOP Sessions Attended 0.858 <0.01
Percent of STEP Sessions Attended 0.002 0.02
Percent of STEP Sessions Missed 0.002 0.02
Average Days Between Sessions 0.419 <0.01
ANO,VA Results for 30—Da§ Gap}s, Between Sessions 0.366 <0.01
Continuous Outcomes Inpatient Hospitalizations 0.366 <0.01
Emergency Department Visits <0.001 0.03
Percent of Negative UDS 0.014 0.02
Percent of Negative UDS for Primary Substance  0.018 0.02
Opioid Use Disorder Diagnosis 0.018 0.02
Loisti . Alcohol Use Disorder Diagnosis 0.004 0.02
ogistic Regression Results C bis Use Di . 0.170 0.01
for Categorical Outcomes Annavis se F1aghosis ’ <.
Multiple Substance Diagnoses 0.005 0.02
Withdrawal Management Visits 0.377 0.02

Notes. Bold = significant. UDS = Urine Drug Screen.

Post hoc comparisons of significant outcomes revealed several meaningful dif-
ferences between classes (Table 4). For treatment engagement, Class 4 (high access,
sociocultural privilege) attended more sessions than Class 1 (moderate access, low
MH; mean difference = 0.07, p < 0.001) and Class 2 (moderate access, high MH needs;
mean difference = 0.04, p < 0.04), as well as missed more sessions than Class 1 (mean
difference = —0.07, p < 0.001) and Class 2 (mean difference = —0.04, p < 0.04). For emer-
gency department utilization, Class 4 (high access, sociocultural privilege) had fewer visits
than Class 2 (moderate access, high MH needs; mean difference = —1.12, p < 0.001), while
Class 5 (low access, high MH needs) had more visits than Class 4 (mean difference = 1.42,
p < 0.001). These differences represent moderate effects in terms of emergency department
utilization. Regarding substance misuse outcomes, Class 4 demonstrated better urine
drug screen results, with a higher number of negative screens overall compared to Class
3 (low access, court-involved; mean difference = 3.15, p = 0.012), a higher percentage of
negative screens overall compared to Class 3 (mean difference = 0.17, p = 0.008) and a
higher percentage of negative screens for the primary substance (mean difference = 0.17,
p = 0.019), all reflecting small-to-moderate improvements. For substance diagnosis out-
comes, Class 4 had lower odds of an opioid use disorder diagnosis relative to Class 5
(OR = 0.40, p = 0.011), indicating a 60% reduction in odds. Class 1 (moderate access, low
MH needs) had reduced odds of an alcohol use disorder diagnosis (OR = 0.49, p = 0.007)
and lower odds of multiple substance diagnoses (OR = 0.57, p = 0.019) compared to Class 4,
reflecting small-to-moderate effect sizes.

Table 4. Post Hoc Tests.

Continuous Comparison Mean Diff -Value Interpretation
Outcome P (95% CI) P P
0.07 The high access, sociocultural privilege class
Class 4-1 © 02' 0.11) <0.001 (Class 4) attended ~7% more sessions than the
Percent of B moderate access, low MH needs class (Class 1)
STEP Sessions The high access, sociocultural privilege class
Attended Class 4-2 0.04 0.039 (Class 4) attended ~4% more sessions than
(0.00, 0.08) ’ adolescents with moderate structural access and

high MH needs (Class 2)
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Table 4. Cont.

Continuous

Mean Diff

Outcome Comparison (95% CI) p-Value Interpretation
007 The high access, sociocultural privilege class
Class 4-1 (=011 o 0.02) <0.001 (Class 4) missed ~7% less sessions than the
R moderate access, low MH needs class (Class 1)
Percent of STEP - - —
Sessions Missed The high access, sociocultural privilege class
Class 4-2 —0.04 0.039 (Class 4) missed ~4% less sessions than adolescents
(—0.08, —0.00) ’ with moderate structural access and high MH
needs (Class 2)
The high access, sociocultural privilege class
Class 4-2 —1.12 <0.001 (Class 4) had ~1.12 fewer ED visits than
Emergency (—1.73, —0.51) adolescents Wlth moderate structural access and
Department Visits high MH needs (Class 2)
After STEP Intake 142 Adolescents with low access and high MH needs
Class 5-4 ) <0.001 (Class 5) had ~1.42 more ED visits than the high
(0.55,2.29) . .
access, sociocultural privilege class (Class 4)
The high access, sociocultural privilege class
lligcsgfzngDSs Class 4-3 © 0%107 31) 0.0079 (Class 4) had ~17 percent more negative UDSs than
& e the low access, court-involved class (Class 3)
Percent of The high access, sociocultural privilege class
Negative UDSs Class 4-3 0.19 0.0185 (Class 4) had ~19 percent more negative
for Primary (0.04, 0.34) ' primary-SUD UDSs than the low access,
Substance court-involved class (Class 3)
. . Odds Ratio .
Binary Outcome  Comparison (95% CI) p-Value Interpretation
Opioid Use The high access, sociocultural privilege class
Disorder Class 4-5 0.40 0.011 (Class 4) had 60% lower odds of OUD compared to
Diagnosis at (0.18, 0.87) ' adolescents with low access and high MH needs
Intake (Class 5)
éigg?gelrUse 0.49 The moderate access, low MH needs class (Class 1)
. . Class 1-4 ! 0.007 had about half the odds of AUD compared to the
Diagnosis at (0.28, 0.88) hi . .
igh access, sociocultural privilege class (Class 4)
Intake
Multiple The moderate access, low MH needs class (Class 1)
Substance Class 1-4 0.57 0.019 had ~43% lower odds of polysubstance use
Diagnoses at (0.35,0.94) ’ compared to the high access, sociocultural
Intake privilege class (Class 4)

4. Discussion

The well-documented challenges in combined treatment for mental health and sub-

stance misuse [3,22-25], including limited knowledge and utilization, difficulties with

service access, and discrepancies in care across the most at-risk populations, call for re-

search to elucidate factors perpetuating these challenges. Identifying unique sociocultural

factors impacting substance use, treatment, and outcomes is an important first step. To

continue advancing research in this area toward informed prevention and intervention

efforts, the current study aimed to leverage a person-centered approach to improve un-

derstanding of the way sociocultural risk factors and mental health diagnosis co-occur

and lead to differences in substance misuse, treatment engagement, and future treatment

utilization in adolescents in combined treatment.
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The utilized LCA produced five distinct classes that hold clinical and research rele-
vance. Where classes 1, 2, 3, and 5 represented groups of adolescents with high sociocultural
risk factors overall, class 4 displayed more sociocultural advantage. Furthermore, despite
higher risk across classes 1, 2, 3, and 5, the specifics of these adolescents’ risk factors differed.
For example, class 1 was made up of primarily older, non-White boys, from a range of SES
backgrounds with high court involvement, whereas class 5 mainly represented older, White
girls from low SES backgrounds with mental health diagnoses. These groups, on their own,
have clinical utility in terms of serving as a guidepost for clinical conceptualization and
resource referrals. To clarify, the identified classes should not dictate clinical judgment but
instead can serve to aid clinicians in gathering relevant sociocultural information about
their patients and attending to these sociocultural needs. Furthermore, the distinction of
the five classes broadly suggests area deprivation as a significant risk factor that should be
considered more strongly in clinical work and research. Relatedly, the classes highlight the
inherent biases in court involvement. Specifically, the two groups primarily represented by
non-White or Hispanic boys with high socioeconomic risk factors also had higher court
involvement and lower mental health diagnoses as compared to the other classes. These
two classes also displayed worse substance treatment outcomes. It is well known that
youth of color are disproportionately represented in the juvenile justice system [38,39] and
are less likely to receive an appropriate mental health diagnosis and treatment [40]. These
more generalized findings, along with past research that illustrates the prevalence and
impact of these disparities [22-27], call for systems-level change to (1) address resource
scarcity, (2) improve access to treatment, and (3) dismantle the biases that exist within the
juvenile justice system.

Differences between the identified classes, while modest and exploratory, were fur-
ther illustrated when investigating related substance misuse, treatment engagement, and
outcomes. First, and notably, no differences in treatment engagement were found between
classes. Although unexpected based on past research more generally [22-27], research con-
ducted in the STEP clinic specifically has illustrated similar findings [21] such that typical
discrepancies in engagement are reduced. Work from our team suggests that the lack of
discrepancies observed in the STEP intensive outpatient program (IOP) specifically may be
a result of reduced barriers through transportation assistance, contingency management,
and meal incentives [21]. The findings from this study may suggest the benefits of barrier
reduction techniques seen in STEP IOP extend to the entire clinic, making for meaningful
additions to other mental health and substance use clinics. However, additional research is
needed to better understand what specific factors are improving treatment engagement in
our clinic as compared to other adolescent substance use treatment centers.

We also did not see any significant differences between the higher-risk classes (1,
2, 3, and 5), suggesting that, at least regarding the outcomes we assessed, those in the
higher risk classes may be at similar risk. However, when compared to the high access,
sociocultural privilege class (class 4), potentially important distinctions emerged. Specif-
ically, the two classes that presented with moderate to low SES and high MH concerns
(classes 2 and 5) were significantly more likely to visit the emergency department (ED) than
the high access, sociocultural privilege class (class 4). There are many potential reasons
for this increased ED utilization. One possibility is that this utilization is being driven
by health inequities. Recent research investigating the increased utilization of EDs has
found that youth of color and those with public insurance are more likely to be referred to
EDs for care, and further, are unlikely to receive behavioral healthcare specifically during
their ED visit [41]. Therefore, it is necessary for physical and mental healthcare workers to
engage in development of standards and systems, quality improvement, and research and
evaluation to effectively improve healthcare and decrease these inequities [41]. Another
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possible contributor is that mental health concerns can result in higher ED utilization due
to the documented comorbidities with substance misuse, suicidality, somatic symptomatol-
ogy, etc. [42]. Although no significant differences in substance misuse emerged between
adolescents with moderate access and high MH needs (class 2) and those with high access
and sociocultural privilege (class 4), such a difference did emerge between adolescents with
low access and high MH needs (class 5) and the high access, sociocultural privilege class
(class 4) such that those in the low SES, high MH class were 60% more likely to have an
OUD diagnosis at intake. Therefore, the increased ED utilization of adolescents with low
access and high MH needs (class 5) specifically may be driven, in part, by substance misuse
and associated concerns including intoxication, overdose, and withdrawal. Finally, as these
two groups (classes 2 and 5) represent adolescents with low to moderate SES, access to
primary care and outpatient settings may be more limited than other groups, resulting
in this increased ED utilization. While our results should be considered preliminary and
replicated in additional samples, efforts to increase access and dismantle existing barriers
to primary care and mental healthcare alike seem warranted.

Compared to the sociocultural advantaged class (class 4), the low access, court-
involved class (class 3) had significantly worse UDS outcomes. Substance misuse in early
adolescence is particularly challenging due to the state of brain maturation and is related
to increased risk of dependence and lifetime use [43]. This may contribute to increased
difficulty in attaining negative UDS results and would suggest that earlier intervention
and higher levels of care may be appropriate. Alternatively, it may be that the treatment
goals of adolescents with low access and court involvement are different than those of
the sociocultural advantaged group. The treatment options at STEP are designed to be
non-punitive with a harm reduction focus. Therefore, negative UDSs are not a requirement
of treatment. Instead, adolescents are encouraged to make their own treatment goals with
their therapist that may or may not include abstinence. In either case, increased attention to
younger adolescents’” thoughts and goals around substance use treatment, especially those
with court involvement, is clinically indicated.

Although the class of adolescents with high access and sociocultural privilege (class 4)
had the best treatment outcomes, they simultaneously had higher odds of an Alcohol Use
Disorder (AUD) and of polysubstance use compared to the moderate access, low MH needs
class (class 1) specifically. This finding may have emerged due to the increased pressure
and monitoring put on class 1 because of their court involvement. Often, court-involved
adolescents in our clinic are required to complete UDSs with their probation officers in
addition to those completed as a component of treatment. Therefore, in this case, court
involvement may be a confounding factor. Additionally, the increased odds of AUD and
polysubstance use in class 4 specifically may be due to higher rates of comorbid alcohol and
cannabis use, which is unfortunately becoming more common in adolescence [44]. While
these increased odds do not seem to be impacting treatment outcomes for these youths,
it may be that there are other deleterious outcomes that were not included in this study.
For example, alcohol use is associated with neurological changes [45] and high risk of
subsequent and risky use [46] as well as alcohol-related harm [47,48]. Thus, future research
investigating AUD and polysubstance use in adolescents with high access and sociocultural
privilege is warranted. Precipitating factors related to AUD and polysubstance use in this
population as well as long-term treatment and health outcomes should be investigated
with a focus on informing clinical care for these adolescents.

Taken together, while the results of this study should be considered preliminary and
continued research should replicate and expand these findings, our results begin highlight-
ing ways to provide tailored support to adolescents presenting with specific risk factors. For
example, based on the ED utilization of adolescents with low to moderate access and high
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MH needs, it may be clinically indicated to provide additional support to these adolescents
throughout treatment, engage in interdisciplinary care across mental and physical health,
elongate step-down care post treatment, and to provide additional resources to families
regarding co-occurring mental health and substance misuse. Similarly, developmentally
appropriate discussions regarding substance use treatment goals and applied motivational
interviewing with adolescents with low access and court-involved may benefit their treat-
ment journey and reduce dependence and long-term use. Finally, adolescents presenting
with sociocultural advantage compared to their peers are not without their own risks. As
we utilized a treatment sample, the inherent risk in all adolescents included in this study
should not be understated. Furthermore, it seems as though adolescents in this socio-
cultural advantaged group may be at higher risk of AUD and polysubstance use. Thus,
particular attention to the adolescent’s purpose of polysubstance use, psychoeducation on
the risks of combining substances, and targeted treatment for alcohol use specifically may
be beneficial for some patients.

The current study is the first to examine the implications of adolescent sociocultural
and mental health factors on substance use, treatment engagement, and treatment outcomes
in an adolescent sample of treatment seeking adolescents. Our findings provide meaningful
insights into how specific risk factors seem to co-occur within our treatment population
and the impact this has on substance misuse and treatment outcomes. This study has
many strengths including a large clinical sample, integration of sociocultural and mental
health risk factors, and the utilization of a person-centered approach, and should be seen as
the first step toward understanding individual differences in substance misuse, treatment
engagement, and outcomes.

As with all research, our study is not without limitations, which should be considered
in interpretation and addressed in future research. First, it is unclear which risk factors
within each class influence each other or if there are other confounding factors impacting
our results, making it difficult to identify specific targets. As we collected data through retro-
spective chart review, we were unable to collect some potentially meaningful demographic
and outcome data, such as family composition, individual SES, and progress toward thera-
peutic goals. These are important variables that should be considered in future research.
Relatedly, given that the sociocultural factors, mental health diagnoses, and substance use
diagnoses were taken from the same timepoint, we are unable to identify directionality
or causality. Thus, research in similar populations should consider potential confounds
and investigate other, clinically relevant applications of LCA and alternative models lon-
gitudinally. Given our sample size and the number of observed variables included in the
LCA, we excluded small subgroups and dichotomized included variables introducing bias
that should be accounted for in future research. Although our replication analyses utilizing
non-dichotomized data produced comparable results, this area of research would benefit
from additional studies investigating the nuances of class membership. In particular, future
research should consider the broad distribution of ADI and how this impacts class member-
ship and outcomes. This continued research serves to increase support for our findings and
expand generalizability. As our sample is a treatment seeking clinical sample at a safety-net
hospital, the classes presented herein may not generalize to non-clinical samples or more
affluent populations, making replication studies in diverse populations an important next
step. Our significant results should also be interpreted as exploratory and need to be repli-
cated in future work. This is the first study to investigate the overlap of sociocultural and
mental health factors in a combined treatment seeking population and our effect sizes for
significant results are small. Thus, additional research should be conducted to bolster these
findings and clarify the practical significance of our identified classes. Finally, as the data
from this study was gathered from a retrospective chart review, there are many indicators
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and outcomes that may hold clinical significance that we were unable to include. For exam-
ple, gaining additional information about household SES may help to clarify the classes and
testing additional outcomes such as adolescent reported progress and routine outcomes
monitoring may highlight additional ways to target treatment and resource referrals. Ad-
ditionally, future research would benefit from taking a similar approach with continuous
variables (e.g., latent profile analysis). Specifically, an adolescent’s external (e.g., social
support) and internal (e.g., resilience) strengths may impact and buffer substance misuse,
treatment engagement, and outcomes, which should be investigated in future work.

5. Conclusions

Overall, our results identified five unique subgroups of adolescents in combined
mental health and substance use treatment that may have clinical and research applications
and should continue to be investigated in future research. Specifically, no class was
completely protected. Where classes of youth presenting with increased sociocultural risk
factors (classes 1, 2, 3, and 5) displayed less treatment engagement, more future service
utilization, and poorer outcomes, adolescents with high access and sociocultural privilege
had significantly higher rates of AUD and polysubstance use. This illustrates the need for
tailored treatment, recognizing the unique needs of specific patients and adjusting care to
address those needs. Importantly, the classes are not intended to define adolescents, but
instead to encourage clinicians to take a person-centered approach to conceptualization
and care, providing additional support and referrals where appropriate. In addition to
highlighting unique risk factors for specific subgroups, our results also broadly suggest
area deprivation as a significant risk factor and illuminate the inherent biases in court
involvement that need to be addressed. Thus, in addition to this work being utilized to
inform clinical work and future research, it also calls for systems-level change to promote
equity in access, engagement, and outcomes related to adolescent substance treatment.
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