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Factors Associated with Substance Use Disorder
among High-Need Adolescents and Young
Adults in North Carolina

Phillip M. Hughes, Izabela E. Annis, Neal A. deJong, Robert B. Christian, Scott A. Davis, Kathleen C. Thomas

BACKGROUND Prevalence of substance use disorders (SUD) is high among adolescents and young adults (AYAs) with complex medical
needs. Little is known about risk factors for SUD in this population.

METHODS This retrospective cohort study used electronic health record data from a large academic hospital system (2015-2019) to identify
adolescents (aged 10-17) and young adults (aged 18-27) with intellectual/developmental disorders, psychiatric conditions, or complex
medical conditions. Logistic regression was used to identify demographic, clinical, and neighborhood-level risk factors associated with
SUD in this population.

RESULTS A total of 149 adolescents and 536 young adults had a SUD diagnosis (6.7% and 20.6%, respectively). Among adolescents, no-
table risk factors for SUD included age (adjusted odds ratio [aOR] = 1.42, 95% confidence interval [CI] = [1.31, 1.541), Hispanic ethnicity
(aOR =210, 95% CI = [1.10, 3.99]), additional psychoactive medication classes (aOR = 1.27, 95% CI = [1.11, 1.46]), and living in a “high"
child opportunity index (COI) (aOR = 2.06, 95% CI [1.02, 4.141) or a “very high” COIl (aOR =3.04, 95% CI [1.56,5.95]) area. Among young
adults, notable risk factors included being male (aOR = 2.41, 95% CI [1.91, 3.05]), being Black (aOR =1.64, 95% CI [1.28, 2.09]), and ad-
ditional non-psychoactive (aOR =1.07, 95% CI [1.03, 1.11]) or psychoactive medication classes (aOR =117, 95% Cl [1.07, 1.28]).

LIMITATIONS These descriptive analyses are limited to one large academic hospital system in North Carolina and may not be representative

of all high-need AYAs in the state.

CONCLUSIONS Several demographic, clinical, and neighborhood risk factors are associated with SUD in high-need AYAs.

Substance use disorders (SUD) are common among
adolescents and young adults (AYAs) and cause last-
ing harms, including reduced cognitive function and altered
neurobiology [1-3]. Recent evidence suggests that SUD is
more prevalent among AYAs with medical complexity, such
as chronic physical, psychiatric, or intellectual/developmen-
tal conditions (henceforth “high-need AYAs"), than among
their peers [4-8]. For example, one study found that 51.7%
of high-need AYAs report heavy substance use compared to
40.4% of AYAs without chronic conditions [5]. Similarly, a
Canadian study found that the prevalence of any SUD was
higher among AYAs with chronic physical illness than AYAs
without (2.4% versus 1.3%, respectively) with the excep-
tions of alcohol use and cannabis use [4]. Understanding
factors associated with the increased prevalence of SUD
among high-need AYAs is particularly important, as there
has been a call for increased research focus on this popu-
lation due to their enhanced fragility relative to their peers
[9]. Additionally, both clinicians and families have identi-
fied behavioral issues such as substance use among this
population as an important research objective [10]. In North
Carolina, addressing SUD has been identified as a focus of
“Healthy North Carolina 2030,” a health improvement road-
map developed by the North Carolina Institute of Medicine
for the state Division of Public Health [11], and advancing
our understanding of SUD in this under-studied population
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is an important step toward identifying potential interven-
tions to achieve the goal of reducing SUD.

In separate studies, older age and the presence of con-
current physical and mental health diagnoses have been
shown to be associated with increased risk of SUD among
high-need AYAs [4, 7]. Among the general AYA population,
demographic (e.g., race) and environmental (e.g., neighbor-
hood poverty) factors are associated with higher rates of
SUD [3, 12-15]. Despite the prevalence and consequences of
SUD among high-need AYAs, relationships between risk fac-
tors and the presence of SUD remain unclear. For example,
questions remain regarding the role of insurance coverage,
as many high-need AYAs are underinsured relative to their
peers without high needs due to the expansive health care
services often needed by this population [16]. Additionally,
it is unclear what role neighborhood-level opportunity
has in the development of SUD in high-need AYAs, as this
population is less likely to report community engagement
(e.g., volunteering) [17]. Understanding these relation-
ships is critical to shaping effective prevention, screening,
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and treatment efforts for SUD. Therefore, our objective is
to identify the most significant risk factors associated with
SUD among high-need AYAs in North Carolina.

Methods

Data and Participants

This retrospective cohort study was conducted using
electronic health record (EHR) data from 2015 through 2019.
Data were obtained from a large academic hospital systemin
North Carolina comprised of nine geographically dispersed
hospitals. Patient records were geocoded at the census-tract
level using the residential address to link neighborhood-level
characteristics to patients. We used the Andersen Behavioral
Model of Healthcare Use to select demographic, clinical,
and environmental risk factors from the EHR [18, 19]. The
Andersen Behavioral Model of Healthcare Use argues that
health care utilization and outcomes are the result of predis-
posing (e.g., age), enabling (e.g., insurance), and need (e.g.,
complex medical conditions) factors, and it is widely used in
health care research [18, 19].

Cohortinclusion criteria were: 1) aged 27 years or younger
at the first qualifying diagnosis; 2) having a qualifying condi-
tion for high medical needs based on ICD-9 and ICD-10 diag-
nosis codes using previously validated algorithms [20, 21];
3) at least two outpatient visits, one emergency department
visit, or one inpatient hospitalization associated with the
qualifying diagnosis during the study period; and 4) at least
one encounter with the health care system annually. We
used age 27 as the upper bound on our sample in order to
cover the age at which children are no longer eligible for cov-
erage through their parents’ insurance under the Affordable
Care Act (age 26) [22] plus an additional year for health care
transitions to occur. Qualifying conditions included intellec-
tual/developmental disorders, psychiatric diagnoses, and
complex chronic conditions. We excluded those whose only
qualifying condition was SUD (including nicotine), those
missing a valid residential address, and children under age
10, resulting in a final sample of 4,827 (Figure 1). Given that a
missing residential address potentially indicates transience,
we examined differences in the characteristics of those with
and without a valid residential address and identified several
differences (Appendix eTable 1). This study was approved by
the University of North Carolina at Chapel Hill Institutional
Review Board.

Measures

Substance use disorder. We identified the presence of
SUD using ICD-9 and ICD-10 codes (Appendix eTable 2).
Indicator variables were created for the following sub-
stances: alcohol, opioids, cannabis, stimulants, hallucino-
gens, sedatives/hypnotics/anxiolytics, inhalants, and other
psychoactive substance-related disorders. An additional
indicator variable was constructed to reflect the presence
of any SUD. Nicotine dependence was not included in the
creation of the indicator for any SUD given its unique nature
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FIGURE 1.
Cohort Inclusion Diagram
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APPENDIX eTABLE 1
Samples' Characteristics Stratified by Geo-Coding Status

This appendix is available in its entirety in the
online edition of the NCM.J.

relative to the other substances. We did not examine SUD
stratified by severity (mild, moderate, severe) based on the
expert opinion of the two clinicians on the study team.
Demographics and clinical factors. Demographic data
included age, biological sex, race (recoded as White, Black,
or Other), and Hispanic ethnicity. Given the range of ages
included, we created an indicator variable differentiat-
ing adolescents (aged 10-17) and young adults (aged 18 or
older) to facilitate stratified analyses. The social constructs
of race and ethnicity are included as proximal measures of
systemic racism and are not to be interpreted as biologi-
cal differences [23]. Insurance coverage was recorded as

APPENDIX €TABLE 2
Substance Use Disorder Diagnosis Codes Used in
Identifying Outcomes

This appendix is available in its entirety in the
online edition of the NCM.
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Private Insurance Only, Medicaid, Other (i.e., no private or
Medicaid), and no insurance. The number of body systems
affected by chronic medical conditions was identified using
the Agency for Healthcare Research and Quality’s Clinical
Classification Software [24]. We also included the count of
non-psychotropic medication classes prescribed and the
count of psychotropic medication classes prescribed.

Child Opportunity Index. The Child Opportunity Index
(COI) was developed to provide policymakers and health
researchers with a summary metric for assessing neighbor-

hood-level social determinants of health [25]. We used the
2015 state-normed COI to capture environmental factors
that could contribute to the risk of developing SUD [26].
This measure produces a 29-item composite rating that
describes the health/environmental (e.g., EPA walkability
index), socioeconomic (e.g., median household income),
and educational (e.g., high school graduation rate) opportu-
nities available for each child at the census-tract level. The
COl is an ordinal measure ranging from “very low" opportu-
nity (a score of 1) to “very high" opportunity (a score of 5).

TABLE 1.
Unadjusted Bivariate Descriptive Statistics Stratified by Age and SUD Diagnosis
Adolescents (aged 10-17) Young Adults (aged 18-27)
SUD Diagnosis SUD Diagnosis

Characteristic No Yes P-value No Yes P-value

Categorical Variables,

N (%) - - - - - -

2079 149 2063 536

Total Sample (93.3) (6.7) - (79.4) (20.6) -
Sex: Female 49 53.7 .27 67.6 521 <.0001
Sex: Male 51 46.3 324 479 -
Race: Black 16.6 215 2945 16 29.3 <.0001
Race: Other 16.2 141 - 1.5 8.6 -
Race: White 67.2 64.4 - 725 62.1 -
Ethnicity: Hispanic 8.4 101 4862 6 4.5 1724
Insurance: Medicaid 51.6 60.4 .0516 36 54.5 <.0001
Insurance: Private, No Medicaid 439 389 - 58.3 36.4 -
Insurance: Other, No private, No Medicaid <> <> - 41 49 -
Insurance: No Insurance <> <> - 1.6 4.3 -
Intellectual and developmental disability 19.1 81 .0007 10.8 3.5 <.0001
Other psychiatric condition 90.3 95.3 .044 90.6 92.7 1245
Complex chronic condition 451 50.3 2166 46.1 59.3 <.0001
COl Very low 10.9 8.1 2024 9.2 1.9 .0685
COl Low 12.8 9.4 - n4 12.7 -
COI Moderate 17.2 141 - 16.3 13.4 -
COl High 239 24.8 - 28.4 31 -
COl Very high 35.2 43.6 - 34.6 31 -
COI ED Very low 1.4 6.7 .0086 9.9 9.7 9828
COI ED Low 141 8.1 - 10.8 1.8 -
COI ED Moderate 19.1 14.8 - 16.8 16.6 -
COI ED High 179 21.5 - 241 239 -
COI ED Very high 375 49 - 384 381 -
COI HE Very low 10.8 101 797 9.6 13.4 .0039
COI HE Low 15.2 14.8 - 15.7 16.4 -
COI HE Moderate 19.4 20.1 - 18.3 19 -
COI HE High 22.2 26.2 - 25.7 28 -
COI HE Very high 324 28.9 - 30.7 231 -
COI SE Very low 10.7 74 .5876 8.5 1.9 .0018
COI SE Low 12.5 121 - 131 14.9 -
COI SE Moderate 19.2 16.8 - 18.3 15.5 -
COI SE High 25.6 28.2 - 28.6 32.8 -
COI SE Very high 32 35.6 - 315 24.8 -

Continuous Variables, mean (SD) - - - - - -
Age 13.4(2.2) 15.0(1.8) <.0001 22.7(2.9) 22.8(2.8) .6151
Number of body systems affected by chronic conditions 44 (26) 53(28) <.0001 49(.5) 57(.8) <.0001
Number of Non-psych Rx Classes 51(3.5) 6.5(4.3) <.0001 6.4(3.8) 75(41) <.0001
Number of Psych Rx Classes 1300 1704) <.0001 .50 170.4) .0001

Significant values have been bolded. Values less than 10 have been marked as “<>" for confidentiality. COl = Child Opportunity Index;

ED = educational opportunity; HE = health environment; SE = socioeconomic.
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TABLE 2.
Adjusted Logistic Regression Results for Risk Factors of SUD Among High-Need Adolescents

Any SUD Cannabis
Characteristic aOR (95% CI) P-value aOR (95% CI) P-value
Age 142 (1.31-1.54) <.0001 1.60 (1.42-1.81)  <.0001
Sex: Male 1.20 (0.83-1.72) .3346 114 (0.74-1.75) .5559
Race: Black 1.36 (0.86-2.16) 1916 1.68 (0.98-2.88) .0599
Race: Other 0.69 (0.40-1.19) 1805 0.77 (0.41-1.43) 4076
Ethnicity: Hispanic 210 (1.10-3.99) .0242 1.94 (0.89-4.23) .0952
Insurance: Medicaid 1.56 (1.06-2.29) .0229 2.08 (1.25-3.46)  .0049
Insurance: Other 0.23 (0.03-1.74) 1549 0.43(0.06-3.29) 4147
Insurance: No insurance 0.03(0.01-0.07) <.0001 0.04 (0.01-011)  <.0001
COl Low 1.32 (0.59-2.94) .5035 1.26 (0.49-3.27) .6335
COIl Moderate 1.50 (0.70-3.18) .2943 115 (0.46-2.87) 7672
COl High 2.06 (1.02-414) .0431 1.62 (0.69-3.79) .2633
COl Very high 3.04 (1.56-5.95) .0012 3.07 (1.39-6.75) .0055
Number of body systems affected by chronic conditions 1.07 (1.00-1.16) .0602 1.07 (0.97-119) 1752
Number of non-psych Rx classes 1.03 (0.97-1.10) .2996 0.98 (0.92-1.05)  .5423
Number of psych Rx classes 1.27 (1.11-1.46) .0006 110 (0.90-1.35) .3592
Significant values are bolded. aOR = Adjusted Odds Ratio; COI = Child Opportunity Index; Other Insurance includes all non-private,
non-Medicaid coverage (e.g., Medicare).

Statistical Analysis

We examined descriptive statistics stratified by the pres-
ence of any SUD diagnosis and young adult status using chi-
squared and t-tests. Associations between the risk factors
and SUD were assessed using multilevel logistic regressions
that included random intercepts for census tracts. Individual
SUDs with less than 75 cases were not modeled due to con-
cerns regarding precision and clinically meaningful findings.
To examine the impact of excluding non-geocoded patients,
we conducted a sensitivity analysis in which they were
included, and the COl measure was dropped from the model.
These results were compared to the main findings in terms
of the direction of association (i.e., positive or negative) and
the statistical significance of the estimates (i.e., whether a
previously non-significant estimate became significant in
the sensitivity analysis or vice versa).

Results

Our analytic sample (total N = 4,827) consisted of 2,228
adolescents (46.2%) and 2,599 young adults (53.8%)
(Table 1). The subsample of adolescents had an aver-
age age of 13.5 (SD = 2.2) and was predominantly White
(n = 1493, 67.0%), male (n = 1129, 50.7%), and insured
through Medicaid (n = 1,162, 52.2%). The subsample of
young adults had an average age of 22.7 (SD = 2.9) and
was predominantly White (n = 1828, 70.3%), female
(n=1,673, 64.4%), and privately insured (n = 1,398, 53.8%).
The overall prevalence of SUD was 14.2% (N = 685). There
were 149 adolescents (6.7%) and 536 young adults (20.6%)
with any SUD, with cannabis being the most prevalent quali-
fying SUD among both groups (adolescents: n = 95, 4.3%;
young adults: n = 338, 13.0%). The prevalence of any SUD
by age and COI can be found in Appendix eFigure 1 and

eFigure 2, respectively. Among adolescents, the only SUD
with a sufficient sample for individual analyses (n > 75) was
cannabis (n = 95, 4.3%) (Appendix eTable 3a), while analy-
ses of cannabis (n = 338, 13.0%), alcohol (n =199, 7.7%),
opioids (n =150, 5.8%), and stimulants (n =133, 5.1%) were
possible among the young adults (Appendix eTable 3b).

APPENDIX eTABLE 3a
Bivariate Descriptive Statistics Stratified by Age and
Specific SUD Diagnoses - Adolescents

This appendix is available in its entirety in the
online edition of the NCMJ.

APPENDIX €TABLE 3b
Bivariate Descriptive Statistics Stratified by Age and
Specific SUD Diagnoses - Young Adults

This appendix is available in its entirety in the
online edition of the NCMJ.

Factors Among High-Need Adolescents

Our primary analysis identified several demographic,
clinical, and neighborhood factors associated with the
presence of any SUD diagnosis among the subsample of
high-need adolescents (Table 2). Additional years of age
(adjusted odds ratio [aOR] = 1.42, 95% CI = [1.31, 1.54])
and Hispanic ethnicity (aOR = 2.10, 95% CI = [1.10, 3.99])
were both associated with increased odds of having a SUD.
Relative to adolescents with private insurance, those with
Medicaid had 56% higher odds of having SUD (aOR = 1.56,
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95% Cl = [1.06, 2.29]) while those who were uninsured
had 97% lower odds of having SUD (aOR = 0.03, 95% ClI
= [0.01, 0.071). Neighborhood characteristics were indica-
tive of SUD risk as well, with the “high” and “very high" COI
categories having odds of SUD that were 106% and 204%
higher than the “very low" COI category, respectively (high:
aOR =2.06, 95% CI [1.02, 4.14]; very high: aOR = 3.04, 95%
CI[1.56,5.95D).

Finally, each additional psychoactive medication class
prescribed increased the odds of SUD by 27% (aOR = 1.27,
95% CI [1.11, 1.46]). These results were robust in the sen-
sitivity analysis (Appendix eTable 4). The risk factors for
cannabis use disorder were nearly identical to those for any
SUD, with the exceptions of Hispanic ethnicity, “high” COlI,

APPENDIX €TABLE 4
Bivariate Descriptive Statistics Stratified by Age and
Specific SUD Diagnoses - Adolescents

This appendix is available in its entirety in the
online edition of the NCMJ.

and the number of psychoactive medication classes, which
were no longer significant (Table 2).

Risk Factors Among High-Need Young Adults

Among high-need young adults, we identified several
risk factors for any SUD (Table 3), and these results were
robust in the sensitivity analysis (Appendix eTable 5).
The odds of any SUD were 141% higher among males than
females (aOR = 2.41, 95% CI [1.91, 3.05]) and 64% higher
for Blacks than for Whites (aOR = 1.64, 95% CI [1.28,
2.091). Compared to private insurance, the odds of hav-
ing SUD were higher for those with Medicaid (aOR = 2.02,
95% CI [1.58, 2.57]), Other Insurance (aOR = 1.66, 95%
Cl [1.02, 2.711), and No Insurance (aOR = 3.84, 95% ClI
[2.19, 6.74]). Higher medication usage was also associ-
ated with higher odds of having any SUD. Each additional
non-psychoactive medication class was associated with a
7% increase in the odds of SUD (aOR =1.07, 95% CI [1.03,
1111), and each additional psychoactive medication class
was associated with a 17% increase in the odds of SUD
(aOR =1.17,95% CI [1.07, 1.281D).

The risk profiles for specific SUDs were generally similar

TABLE 3.
Logistic Regression Results for Risk Factors of SUD Among High-Need Young Adults
Any SUD Cannabis Alcohol Opioids Stimulants

aOR aOR aOR aOR aOR

Characteristic (95%Cl)  P-value (95%Cl) P-value (95%Cl) P-value (95%Cl) P-value (95%Cl) P-value
0.99 0.97 0.99 1.05 1.01

Age (0.96-1.03) .7478 (0.93-1.01) 1632 (0.94-1.06) .8498 (0.99-1.12) m8  (0.95-1.07) .7005
2.4 2.82 2.85 1.99 177

Sex: Male (1.91-3.05) <.0001 (2.10-3.79) <.0001 (2.03-4.02) <.0001 (1.37-2.89) .0003 (1.24-2.54) .0017
1.64 2.09 140 0.51 0.98

Race: Black (1.28-2.09) <.0001 (1.56-2.79) <.0001 (0.96-2.04) .0819 (0.32-0.81) .0040 (0.60-1.59) .9221
0.81 0.83 0.88 0.41 0.81

Race: Other (0.54-1.22) 3146 (0.51-1.36) .462 (0.47-1.65) .6951 (0.18-0.94) .0342 0.37-1.77) .6013
0.82 0.96 117 0.30 0.66

Ethnicity: Hispanic (0.46-1.45) .4900 (0.51-1.84) 9127 (0.54-2.57) .6869 (0.07-1.26) 1009 (0.25-1.76) .4071
2.02 246 1.45 274 3.05

Insurance: Medicaid (1.58-2.57) <.0001 (1.87-3.24) <.0001 (1.00-2.10) .0526 (1.79-4.18) <.0001 (1.84-5.06) <.0001
1.66 2.53 0.82 3.26 3.63

Insurance: Other (1.02-2.71) .0427 (1.42-4.51) .0016 (0.34-197) .6499 (1.45-7.32) .0042 (1.56-8.42) .0027
3.84 416 2.84 5.73 6.13

Insurance: None (219-6.74) <.0001 (210-8.22) <.0001 (1.37-5.88) .0051 (2.48-13.28) <.0001 (2.43-15.46) .0001
0.93 0.96 2.26 0.97 0.77

COl Low (0.59-1.45) .7439 (0.55-1.66) .8827 (0.98-5.22) .0571 (0.46-2.06) .9400 (0.38-1.56) .4725
0.82 1.08 2.03 0.67 0.65

COIl Moderate (0.55-1.24) .3474 (0.65-1.80) .7756 (0.90-4.55) .0859 (0.30-1.50) .3319 (0.33-1.28) .2118
116 132 2.79 174 0.94

COl High (0.80-1.68) 4471 (0.83-210) .2362 (1.27-612) .0103 (0.90-3.38) .0999 (0.51-1.74) .8494
1.03 117 3.24 1.04 0.85

COl Very high (0.70-1.51) .8910 (0.73-1.88) .5092 (1.51-6.94) .0025 (0.50-214) 9157 (0.45-1.58) .6023

Number of body systems 1.03 1.02 0.94 1.07 0.96

affected by chronic conditions (0.98-1.08) .2780 (0.96-1.09) .4929 (0.87-1.01) 1124  (0.98-117) 1099 (0.87-1.05) .3693

1.07 1.06 1.07 113 1.08

Number of non-psych Rx classes (1.03-1.11)  .0003  (1.01-1.11) 0133 (1.02-113) .0064 (1.08-1.20) <.0001 (1.01-115) .0254
117 119 1.20 117 115

Number of psych Rx classes (1.07-1.28) .0005 (1.07-1.32) .0014 (1.07-1.35) .0015 (1.02-1.34) .0206 (1.00-1.32) .0533

coverage (e.g., Medicare).

Note. Significant values are bolded. aOR = Adjusted Odds Ratio; COIl = Child Opportunity Index; Other Insurance includes all non-private, non-Medicaid
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APPENDIX €TABLE §
Sensitivity Analysis Using Both Geocoded and Non-
Geocoded Young Adults (COI Excluded)

This appendix is available in its entirety in the
online edition of the NCMJ.

to those for any SUD, with cannabis and stimulant use hav-
ing identical risk factors (Table 3). For alcohol use disorder,
the risk profile differed from that of any SUD in that there
were no racial differences and no association with having
Other Insurance. Additionally, young adults from “high” and
“very high” COIl areas had 179% and 224% higher odds of
alcohol use disorder, respectively (high: aOR = 2.79, 95%
Cl [1.27, 6.12]; very high: aOR = 3.24, 95% CI [1.51, 6.941]).
The risk profile of opioid use disorder was similar to that of
any SUD with the exception of race. Compared to Whites,
Blacks had 49% lower odds of opioid use disorder (aOR =
0.51, 95% CI [0.32, 0.81]) and other races had 59% lower
odds (aOR = 0.41, 95% CI [0.18, 0.94]).

Discussion

We found that SUDs are prevalent among high-need
AYAs at a level significantly higher than the general popu-
lation of AYAs and at a level similar to several other rela-
tively common conditions, such as asthma and depression.
Among high-need adolescents, the prevalence of any SUD
(6.7%) was nearly double that of the general population
of adolescents (aged 12-17: 3.6%) [27]. The prevalence of
SUD was also similar to the prevalence of attention-deficit/
hyperactivity disorder (7.2%) [28] and asthma (8.3%) [29].
Among high-need young adults, the prevalence of any SUD
(20.6%) was nearly triple that of the general population of
young adults (aged 18-25: 7.5%) [27], and similar to predia-
betes (24.0% among people aged 19-34) [30] and depres-
sion (21.0% among people aged 18-29) [31], and was higher
than symptomatic attention-deficit/hyperactivity disorder
(8.99% among people aged 18-24, 8.27% among people
aged 25-29) [32]. Given that the prevalence of SUD in this
population is orders of magnitude larger than that of the
general population and similar to several common condi-
tions, it seems pertinent for providers to actively screen for
SUD among high-need AYAs.

Our finding of increased SUD risk in high or very high COI
areas for adolescents suggests that higher opportunity is
not necessarily associated with lower risk among this popu-
lation, as it is in the broader AYA population. For example,
prior research demonstrated that attending a high-perform-
ing school was associated with reduced substance use [33],
but our results suggest this may not be the case among
high-need AYAs. We hypothesize that living in a high or very
high COI neighborhood could provide increased access to
recreational drugs (e.g., cannabis), which prior studies have
demonstrated are sometimes used by high-need AYAs to
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self-medicate [6, 8]. However, there is little research on this
issue, and future work is needed to better understand which
components of neighborhood opportunity contribute to this
relationship.

Limitations

This study had several limitations that may impact gen-
eralizability. First, this study was conducted using electronic
health record data. While these data contain rich informa-
tion about health and service use, there are concerns about
truncation. For some patients, SUD diagnosis may not be
observed if they received a diagnosis that occurred either
prior to entering our data or after the five-year observation
window. Similarly, it is possible that some AYAs had a SUD
not documented in the data because it was either undiag-
nosed or was not coded in their health record for various
reasons (e.g., substance use was discussed but not a pri-
mary diagnosis for the visit) as described in prior literature
on electronic health records [34, 35]. This also raises the
larger issue of the potential for variation in how SUD was
diagnosed in these patients. While there are diagnostic cri-
teria for SUD, we are unable to see the rationale for each
diagnosis in our data.

Second, the exclusion of non-geocoded AYAs may have
reduced the generalizability of our sample. The relevant
sensitivity analyses provided evidence that the exclusion of
these AYAs did not meaningfully alter our findings; however,
their COI distribution (excluded for the sensitivity analysis)
may have differed from the geocoded AYAs in a meaning-
ful way. Missing geocoded data has been recognized as a
common issue and potential source of bias in social deter-
minants of health research [36].

Third, it is highly plausible that the COI for young adults
in our sample is not the one in which they grew up. While the
COlisstillinformative for the young adults in that it describes
their current neighborhood characteristics, it likely does not
have the same impact as for adolescents. For this reason, the
association between the COIl and SUD should likely not be
compared between adolescents and young adults.

Fourth, we did not include children under age 10 in our
analysis; however, of the 1,722 children under age 10 that
we excluded, a total of 10 children had a SUD diagnosis,
including opioid, stimulant, and cannabis use. Future studies
with larger samples should examine the prevalence of SUD
among high-need AYAs in this population. Finally, the data
in this sample come from a large academic hospital system
in North Carolina and may not be representative of all high-
need AYAs.

Clinical Implications

We found relationships between the number of medica-
tions prescribed and the presence of any SUD, suggesting
that medications used to treat chronic conditions may them-
selves be risk factors for the development of SUD. This is
consistent with prior studies that have demonstrated spe-
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cific medication-SUD relationships, such as the higher risk
of opioid use among people using asthma inhalers [37]. The
number of medications may plausibly represent a proximal
measure of disease burden; however, given the inclusion
of a disease severity measure, we hypothesize that this
relationship reflects an added level of comfort with taking
medications. We propose that medication use may become
normalized among high-need AYAs receiving pharmaco-
therapy, resulting in the development of health beliefs that
may generalize to non-prescribed substances. Additionally,
increased prescribing of psychotropic medications in par-
ticular may provide opportunities for drug misuse.

A prior study found that high-need adolescents often
adjust their medication regimen to accommodate substance
use and sometimes use marijuana in place of alcohol in
order to limit medication interactions [8]. Given that both
the familiarity with medications and the risk of medication
interactions goes up with additional medications prescribed,
AYAs with more medications may be more likely to use
illicit substances and therefore be identified as having SUD.
However, we caution that considerable future research is
needed to support this hypothesized explanation before any
definitive actions should be taken regarding this association.
In particular, a study examining medication misuse and drug-
related health beliefs in this population is needed to eluci-
date this association in order to develop clinical practices to
address it. These findings do, however, underscore the need
for clinicians and families to be particularly attuned to the
potential for medication and drug misuse in high-need AYAs.

Public Health Implications

Broadly, our findings suggest a need to raise awareness
about high-need AYAs and SUD among parents, caregivers,
and providers. Prior work has found that there is a degree
of awareness about the risk of SUD in patients with intel-
lectual/developmental disabilities [38], but there is a need
to explore this awareness regarding high-need AYAs more
generally. In addition, it will be important to identify strate-
gies for addressing current SUD among this population as
well as the upstream drivers of SUD. There is some evidence
that substance use in high-need AYAs is partially motivated
by a perceived need for self-medication [8], suggesting that
addressing unmet need for treatment may be a viable strat-
egy for reducing SUD. However, considerable future research
is needed to understand this issue more thoroughly. In par-
ticular, it is currently unclear how severe the problem of SUD
in this population may be given the higher degree of medical
complexity. Research describing the outcomes of high-need
AYAs with SUD is needed for comparison to AYAs without
high needs. It will also be important to study the health
behaviors underlying the development of SUD in high-need
AYAs to facilitate effective intervention development.

While not directly comparable, it is interesting to note
that the demographic risk factors associated with SUD in
our sample are generally consistent with unadjusted popu-
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lation prevalence estimates. For adolescents, we found that
SUD was higher for those who are older and Hispanic, but no
variation by sex. In the general population, the prevalence of
SUD increases by age (0.8% at ages 12-13 to 6.1% by ages
16-17) and is slightly higher for Hispanic than non-Hispanic
adolescents (4.2% versus 3.4%) but does not vary substan-
tially between male and female (3.4% versus 3.8%) [27]. For
young adults, we found that SUD was higher for those who
are male or Black. The increased SUD we saw among males
aligns with the unadjusted population estimates (males =
8.5%; females = 6.1%) [27]; however, the prevalence of SUD
among those who are Black (7.2%) is lower than among
those who are White (8.0%) in the unadjusted population
prevalence estimates, diverging from our findings [27].
While these comparisons to the general population should
be considered cautiously due to the unadjusted nature of the
population estimates, it is suggestive that these demographic
differences in our findings may be reflective of population-
level variation rather than being unique to high-need AYAs.
Future research is needed to directly compare the predictors
of SUD between high-need AYAs and the general population.

The differential risk of SUD by insurance status for young
adults and adolescents raises several questions. Among
high-need young adults, Private Insurance was associated
with lower risk compared to Medicaid, Other Insurance, and
No Insurance. Coverage by private insurance may reflect
the availability of financial resources to treat SUD or more
readily available health and mental health services to reduce
the risk of SUD. However, there is considerable variation in
private health insurance quality that is not captured by this
categorization. Prior work among people with disabilities
demonstrated that the adequacy of the network of provid-
ers covered by insurance is a stronger predictor of having
unmet health care needs than the type of insurance [39].
We hypothesize that this may be the case in high-need
young adults as well, and this additional unmet need could
potentially contribute to attempting to self-medicate. Future
research is needed to examine this hypothesis; however, our
findings suggest that increasing access to private insurance
among high-need young adults may be a beneficial strategy.
Among high-need adolescents, the relationship between
insurance type and SUD was less clear, with Medicaid being
a risk factor relative to private insurance. While being unin-
sured appeared to be associated with lower risk, we cau-
tion against over-interpretation due to the small number
(n =15) of adolescents who were uninsured. Future research
is needed to explore the experience of insurance gaps among
high-need adolescents.

Our finding that high-need adolescents from high and
very high COIl areas have a greater risk of SUD than oth-
ers requires further research. The individual COIl subscales
(health, socioeconomic, and educational opportunity scores;
Table 1) suggest that this relationship is driven primarily by
educational opportunity. Among the general population of
adolescents, factors included in the educational opportu-
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nity subscale, such as higher parent educational attainment
and school quality, are associated with lower substance use
[33, 40, 41]. This incongruent finding among high-need ado-
lescents suggests that there is a need for schools to focus on
SUD prevention in this population. Future research is needed
to better understand why a high COl—particularly educa-
tional opportunity—presents a risk factor for SUD among
high-need adolescents.

Conclusion

Adolescence and young adulthood represent a period
of increased substance use risk. This study of a large aca-
demic health care system in North Carolina found that the
prevalence of SUD was high among a cohort of high-need
AYAs and associated with several demographic, clinical, and
neighborhood characteristics. These findings raise the need
for future research to address prevention, screening, and
treatment of SUD in high-need AYAs. NCM
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€TABLE 1.
Samples' Characteristics Stratified by Geocoding Status

Adolescents Young Adults
Characteristic Non-geo Geo P-value Non-geo Geo P-value
2228 2599
N (%) 1049 (32.0) (68.0) - 1342 (34.0) (66.0) -
Substance use disorders, % - - - - - -
Alcohol 1.0 1.3 .5383 8.0 7.7 7251
Opioids X X 9261 7.5 5.8 .0403
Cannabis 4.9 4.3 4390 15.0 13.0 .0766
Sedatives/Hypnotics 1.0 04 .0447 3.2 21 .0306
Stimulants 1.0 1.5 .2154 8.2 5.1 .0001
Hallucinogens <> <> .3143 <> <> .8185
Inhalants <> <> 4925 <> <> .5070
Any SUD 6.9 6.1 4054 231 19.9 .0207
Other/Unspecified SUD 2.6 2.0 2719 10.3 7.0 .0004
Any SUD + Other 7.5 6.7 .3760 241 20.6 .0130
Any SUD + Other + Tobacco 13.2 10.2 .0132 40.3 34.5 .0003
Demographic and clinical characteristics, % - - - - - -
Sex: Female 51.6 49.3 .2302 65.7 64.4 .3996
Sex: Male 48.4 50.7 .2302 34.3 35.6 .3996
Race: Black 23.8 17.0 <.0001 26.4 18.7 <.0001
Race: Other 16.2 16.0 - 8.8 10.9 -
Race: White 60.0 67.0 - 64.8 70.3 -
Ethnicity: Hispanic 10.0 8.5 1668 5.0 5.7 .3578
Insurance: Medicaid 69.1 52.2 <.0001 48.7 39.8 <.0001
Private, no Medicaid 27.0 43.6 - 44.0 53.8 -
Insurance: Other, no private, no Medicaid 3.5 3.6 - 4.8 4.2 -
Insurance: No insurance <> <> - 25 2.2 -
Intellectual and developmental disability 16.6 184 .2053 8.8 9.3 .6197
Other psychiatric condition 90.7 90.7 9952 90.8 91.0 7757
Complex chronic condition 46.4 455 .6074 55.7 489 <.0001
Continuous Variables, Mean (SD) - - - - - -
Age 134(2.3) 13.5(2.2) .3915 22.7(2.8) 22.7(29) .8314
Number of body systems affected by chronic conditions 48(2.6) 44(26) .0003 55(27) 51(26) <.0001
Number of non-psych Rx classes 6.0(3.6) 52(3.6) <.0001 73(4.2) 6.6(39) <.0001
Number of psych Rx classes 1312 13340 .5727 1.6(1.2) 150.2) .8785

Note. Significant values have been bolded. Values less than 10 have been marked as “<>" for confidentiality.




€TABLE 2.
Substance Use Disorder Diagnosis Codes Used in Identifying Outcomes

Substance ICD-10 ICD-9

Alcohol F10 291,303, 305.0
Opioid F11 304.0,304.7,305.5
Cannabis F12 304.3,305.2
Sedative, hypnotic F13 304.1,305.4
Stimulant F14, F15 304.2,304.4,305.6, 305.7
Hallucinogen F16 304.5,305.3
Tobacco® F17 305.1

Inhalant F18 -

Other SUD F19 292,305.9

*Tobacco use was not included in the creation of the “any SUD" outcome but was used in
excluding those who only qualified for inclusion due to having a tobacco use disorder.




€TABLE 3a.

Bivariate Descriptive Statistics Stratified by Age and Specific SUD Diagnoses -

Adolescents

Cannabis
Characteristic No Yes P-value
Categorical Variables, N (%) - - -
Total Sample 2133 (95.7) 95 (4.3) -
Sex: Female 491 53.7 .3853
Sex: Male 50.9 46.3 -
Race: Black 16.5 26.3 .0455
Race: Other 16.1 14.7 -
Race: White 67.4 58.9 -
Ethnicity: Hispanic 8.4 10.5 476
Insurance: Medicaid 51.6 64.2 .0721
Insurance: Private, no Medicaid 44 34.7 -
Insurance: Other - - -
Insurance: No insurance - - -
Intellectual and developmental disability 18.8 8.4 0103
Other psychiatric condition 90.3 979 0133
Complex chronic condition 45.3 48.4 .5545
COl Very low 10.8 9.5 2481
COl Low 12.7 10.5 -
COIl Moderate 17.2 1.6 -
COl High 24 221 -
COl Very high 35.3 46.3 -
COI ED Very low 1.2 74 .005
COI ED Low 14 74 -
COIl ED Moderate 19.1 1.6 -
COI ED High 18.1 17.9 -
COI ED Very high 37.5 55.8 -
COI HE Very low 10.6 12.6 5796
COI HE Low 15.1 17.9 -
COI HE Moderate 19.5 16.8 -
COI HE High 223 26.3 -
COI HE Very high 324 26.3 -
COI SE Very low 10.5 9.5 .9683
COI SE Low 12.4 12.6 -
COI SE Moderate 19.1 16.8 -
COI SE High 25.7 26.3 -
COI SE Very high 32.2 34.7 -
Continuous Variables, mean (SD) - - -
Age 13.4(2.2) 15.3(1.7) <.0001
Number of body systems affected by chronic conditions 4.4 (2.6) 51(2.6) .0126
Number of non-psych Rx classes 5.2 (3.6) 5.9 (3.5) .0680
Number of psych Rx classes 130D 14 (1.4) .2182




eTABLE 3b.

Bivariate Descriptive Statistics Stratified by Age and Specific SUD Diagnoses - Young Adults

Cannabis Alcohol Opioids Stimulants
Characteristic No Yes P-value No Yes P-value No Yes P-value No Yes P-value
Categorical Variables, % - - - - - - - - - - - -
Total Sample 87.0 13.0 - 92.3 7.7 - 94.2 5.8 - 94.9 5.1 -
Sex: Female 67 47 <.0001 66.1 43.2 <.0001 64.8 58 .0933 64.9 541 .0M4
Sex: Male 33 53 - 339 56.8 - 35.2 42 - 35.1 45.9 -
Race: Black 164  34.6 <.0001 18.4 231 .2552 18.8 173  .0127 184 24.8 1424
Race: Other 1n.3 8.6 - n 101 - - - - mnia 8.3 -
Race: White 724 56.8 - 706 66.8 - 69.8 787 - 705 669 -
Ethnicity: Hispanic 5.8 47 4138 5.7 5.5 9158 -- -- .0176 -- -- .3228
Insurance: Medicaid 37 58.6 <.0001 394 452 .0057 38.6 60 <.0001 38.8 594 <.0001
Insurance: Private 57.2 30.8 - 54.4 46.7 - 55.4 28 - 55.2 271 -
Insurance: Other 4 59 - -- -- - 4 7.3 - -- -- -
Insurance: No insurance 1.8 4.7 - - - - - - - - - -
Intellectual and developmental disability 10 41 .0005 -- - .0078 -- -- .0041 -- -- 1836
Other psychiatric condition 90.8 92.6 .2791 90.7 95 .0429 90.7 96 .0283 90.8 947 1250
Complex chronic condition 46.9 621 <.0001 483 558 .0423 478 66.7 <.0001 48.4 571 .0499
COl Very low 9.5 1.5 .3165 -- -- 0209 9.7 10.7 .0092 9.5 14.3 .2418
COl Low 1.6 12.4 - 1.8 1.1 - n.7 12 - 1.6 12.8 -
COI Moderate 15.9 14.8 - 16 12.6 - 16.1 10 - 15.9 12 -
COl High 28.5 31.7 - 288 30.2 - 28.2 407 - 28.8 31.6 -
COI Very high 345 296 - 33.2 4.7 - 343 267 - 341 29.3 -
COI ED Very low 9.9 101 .5992 -- -- 0004 9.9 10 .2824 9.8 12 .6896
COI ED Low 10.9 11.8 - 1.3 7 - 1 10.7 - 10.9 13.5 -
COI ED Moderate 17.2 13.9 - 17 131 - 16.4 22.7 - 16.8 15 -
COI ED High 23.8 26 - 24 241 - 24 24.7 - 24 24.8 -
COI ED Very high 383 382 - 373 51.3 - 38.7 32 - 385 346 -
COI HE Very low 9.7 14.8 0162 10.6 8 7624 10.4 10 .0847 10.1 15 2242
COI HE Low 15.9 15.4 - 16 14.6 - 15.7 18 - 15.8 16.5 -
COI HE Moderate 18.2 19.8 - 18.3 19.6 - 18.5 17.3 - 18.7 14.3 -
COI HE Very high 30 234 - 291 29.6 - 296 207 - 294 248 -
COI SE Very low 8.8 1.8 .0082 9.5 5.5 1886 91 10.7 .0031 9 13.5 .004
COI SE Low 131 15.7 - 13.6 121 - 13.6 12 - 13.4 14.3 -
COI SE Moderate 179 16.3 - 179 15.6 - 179 14 - 179 13.5 -
COI SE High 289 334 - 291 34.2 - 287 427 - 289 398 -
COI SE Very high 31.2 22.8 - 299 327 - 30.7 207 - 30.7 18.8 -
Continuous Variables, mean (SD) - - - - - - - - - - - -
227 226 227 227 227 233 227 229
Age (29) (2.8) 4637 (29) (9 9574 (29) (2.7) .0075 (29) (29) .3356
Number of body systems affected by chronic 5.0 5.7 5.1 5.0 5.0 6.5 5.0 5.5
conditions (2.6) (2.7) <.0001 (26) (25) .834 (25) (31) <.0001 (2.6) (2.6) .0435
6.5 74 6.6 6.8 6.4 9.2 6.5 7.6
Number of Non-psych Rx Classes 39) (41 .0001 39) (@n 3621 (3.8) (45) <.0001 (39) (4.0) .0026
1.5 17 1.5 1.8 1.5 19 1.5 1.8
Number of Psych Rx Classes (1.2) (4) .0018 (12) (1.4) .0005 (1.2) (1.4) <.0001 (12) (14 .0297

Note. Significant values have been bolded.




€TABLE 4.

Sensitivity Analysis Using Both Geocoded and Non-Geocoded Adolescents (COI Excluded)

Any SUD Cannabis
Characteristic aOR (95% CI) P-value aOR (95% CI) P-value
Age 1.41(1.32-1.52) <.0001 1.58 (1.44-1.74)  <.0001
Sex: Male 1.17 (0.87-1.56) .2998 1.07 (0.74-1.53) 7282
Race: Black 1.39 (0.98-1.97) .0629 1.73 (115-2.60) .0085
Race: Other 0.77 (0.45-1.29) .3155 0.70(0.36-1.37)  .2965
Ethnicity: Hispanic 1.90 (1.04-3.48) .0373 2.11(1.00-4.42) .0490
Insurance: Medicaid 1.22 (0.89-1.68) .221 1.58 (1.05-2.37) .0265
Insurance: Other 0.60 (0.21-1.69) .3294 0.54 (013-2.28)  .3978
Insurance: No insurance 0.00 (0.00-999) .9802 0.00 (0.00-999) .9834
Number of body systems affected by chronic conditions 1.08 (1.01-1.15) .0286 1.05 (0.96-1.14) .2695
Number of non-psych Rx classes 1.02 (0.97-1.07) .5049 0.98 (0.92-1.04) 491
Number of psych Rx classes 1.27 (114-1.42) <.0001 114 (0.99-1.31) .0682

Note. Significant values have been bolded.




€TABLE 5.

Sensitivity Analysis Using Both Geocoded and Non-Geocoded Young Adults (COIl Excluded)

Any SUD Cannabis Alcohol Opioids Stimulants
aOR aOR aOR aOR aOR
Characteristic (95% Cl)  P-value (95% Cl)  P-value (95% Cl)  P-value (95% Cl)  P-value (95% Cl)  P-value
1.00 0.98 1.00 1.06 1.03
Age (0.97-1.03) 988 (0.95-1.02) .3479 (0.96-1.05) .9245 (1.01-112)  .0127 (0.99-1.09) 1604
2.21 2.56 27 1.65 1.89
Sex: Male (1.86-2.62) <.0001 (2.09-314) <.0001 (211-3.49) <.0001 (1.24-2.20) .0006 (1.42-2.50) <.0001
1.53 2.00 1.30 0.39 0.85
Race: Black (1.26-1.84) <.0001 (1.61-2.49) <.0001 (0.97-1.74) .0802 (0.27-0.57) <.0001 (0.61-117)  .3086
0.86 0.95 0.97 041 0.90
Race: Other (0.62-1.21)  .3835 (0.63-1.44) .8225 (0.60-1.58) .9143 (0.20-0.83) .0136 (0.52-1.57) 7131
0.73 0.82 0.99 0.25 0.52
Ethnicity: Hispanic (0.47-116) 1815 (0.48-142) 4812 (0.52-1.90) .9784 (0.07-0.89) .0316 (0.23-1.21) 1316
215 242 132 3.36 3.47
Insurance: Medicaid (1.79-2.57) <.0001 (1.93-3.03) <.0001 (1.01-1.73) .0440 (2.43-4.65) <.0001 (2.50-4.82) <.0001
1.63 2.29 0.86 3.20 2.73
Insurance: Other (112-2.38) .0108 (1.50-3.50) .0001 (0.46-1.61) .6427 (1.81-5.66) <.0001 (1.50-4.98) .0011
4.39 4.06 214 7.78 5.00
Insurance: No insurance (2.78-6.93) <.0001 (2.44-6.78) <.0001 (115-3.99) .016 (3.99-15.15) <.0001 (2.52-9.90) <.0001
Number of body systems affected 1.02 1.03 0.94 1.05 0.96
by chronic conditions (0.98-1.06) .3304 (0.98-1.08) .2137 (0.88-1.00) .0458 (0.99-112) 106 (0.90-1.02) .2042
1.05 1.04 1.05 1.08 1.07
Number of non-psych Rx classes (1.02-1.08) .0002 (1.01-1.07) .014 (1.00-1.09) .0311 (1.03-113) .0004 (1.02-112)  .0031
119 119 1.26 119 116
Number of psych Rx classes (112-1.27) <.0001 (110-1.28) <.0001 (115-1.38) <.0001 (1.07-1.32)  .001 (1.04-1.28) .0057

Note. Significant values have been bolded.






