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A B S T R A C T   

Introduction: The opioid crisis is transitioning to a polydrug crisis, and individuals with co-occurring substance 
use disorder (SUDs) often have unique clinical characteristics and contextual barriers that influence treatment 
needs, engagement in treatment, complexity of treatment planning, and treatment retention. 
Methods: Using Medicaid data for 2017–2018 from four states participating in a distributed research network, 
this retrospective cohort study documents the prevalence of specific types of co-occurring SUD among Medicaid 
enrollees with an opioid use disorder (OUD) diagnosis, and assesses the extent to which different SUD pre-
sentations are associated with differential patterns of MOUD and psychosocial treatments. 
Results: We find that more than half of enrollees with OUD had a co-occurring SUD, and the most prevalent co- 
occurring SUD was for “other psychoactive substances”, indicated among about one-quarter of enrollees with 
OUD in each state. We also find some substantial gaps in MOUD treatment receipt and engagement for in-
dividuals with OUD and a co-occurring SUD, a group representing more than half of individuals with OUD. In 
most states, enrollees with OUD and alcohol, cannabis, or amphetamine use disorder are significantly less likely 
to receive MOUD compared to enrollees with OUD only. In contrast, enrollees with OUD and other psychoactive 
SUD were significantly more likely to receive MOUD treatment. Conditional on MOUD receipt, enrollees with co- 
occurring SUDs had 10 % to 50 % lower odds of having a 180-day period of continuous MOUD treatment, an 
important predictor of better patient outcomes. Associations with concurrent receipt of MOUD and behavioral 
counseling were mixed across states and varied depending on co-occurring SUD type. 
Conclusions: Overall, ongoing progress toward increasing access to and quality of evidence-based treatment for 
OUD requires further efforts to ensure that individuals with co-occurring SUDs are engaged and retained in 
effective treatment. As the opioid crisis evolves, continued changes in drug use patterns and populations expe-
riencing harms may necessitate new policy approaches that more fully address the complex needs of a growing 
population of individuals with OUD and other types of SUD.   

1. Introduction 

The opioid crisis, widely recognized as the deadliest drug crisis in 

history, has gone through several evolutions in terms of the underlying 
causes of drug overdose mortality. Beginning in the 1990s, prescription 
opioid analgesics fueled the first wave of the crisis. In 2010, overdose 
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deaths increasingly involved illicit opioids, namely heroin; 2013 saw the 
emergence of highly potent synthetic opioids, primarily fentanyl and 
fentanyl analogues. More recently, data suggest that the opioid crisis is 
transitioning to a polydrug use crisis. During 2017 to 2018, 34 % and 12 
% of opioid-related deaths involved co-occurrence of cocaine and 
methamphetamine, respectively (Gladden et al., 2019). Studies have 
documented similar patterns and rising harms of polysubstance use 
among nonfatal overdoses treated in emergency departments (Liu et al., 
2020; Liu & Vivolo-Kantor, 2020) and among admissions to substance 
use disorder (SUD) treatment (Jones et al., 2020). A recent survey of 
adults with opioid use disorder (OUD) found that >90 % reported use of 
two or more substances, in addition to opioids, in the past year; more 
than half had a co-occurring SUD (Hassan & Le Foll, 2019). 

Rising rates of polydrug use and use disorders have several impli-
cations for public health and policy. While significant efforts have tried 
to expand access to naloxone (Smart et al., 2020), an opioid antagonist 
capable of reversing the life-threatening effects of opioid overdose, 
overdoses involving multiple substances are less responsive to naloxone 
administration (Compton et al., 2020). Similarly, while substantial re-
sources and policy changes have aimed to increase access to medications 
for opioid use disorder (MOUD) (Barnett et al., 2019; Haffajee et al., 
2018; Saloner et al., 2020), currently no FDA-approved medications 
exist for treatment of stimulant use disorders; thus, individuals with 
OUD and certain types of co-occurring use disorders may require addi-
tional treatment services (McCabe & West, 2017). Finally, individuals 
with co-occurring SUDs may have a unique set of clinical characteristics 
or comorbidities that influence engagement in treatment (John et al., 
2001), complexity of treatment planning (Krawczyk et al., 2017), as well 
as treatment retention (Samples et al., 2018). 

State Medicaid programs, which are key funders of treatment for 
OUD, face growing concerns about polysubstance use and co-occurring 
disorders, in general, and among enrollees with OUD in particular 
(MACPAC, 2017). While Medicaid covers the plurality of nonelderly 
adults with OUD (Orgera & Tolbert, 2019), the field knows relatively 
little about the prevalence of polysubstance use disorder in Medicaid or 
about how the presence of co-occurring SUDs may complicate treatment 
of OUD. One recent study (O’Brien et al., 2020) using MarketScan data 
on Medicaid enrollees aged 18–64 with a primary diagnosis of OUD in 
2016 found that half of adult enrollees had an additional SUD diagnosis 
(most commonly an unidentified other SUD); compared to individuals 
with OUD-only, those with a co-occurring SUD had significantly lower 
odds of receiving MOUD. However, since 2016, substantial gains have 
been made in the prevalence and use of MOUD among Medicaid 
enrollees (The Medicaid Outcomes Distributed Research Network, 
2021), combined with federal and state efforts to promote longer 
treatment duration to improve patient outcomes (Samples et al., 2020). 
We know little about whether these encouraging developments have 
improved treatment utilization and treatment quality among individuals 
with various OUD-SUD combinations, a population at increased risk for 
several adverse events and that often requires more complex treatment 
approaches (O’Brien et al., 2021). 

Using Medicaid data for 2017–2018 from four states participating in 
a distributed research network, this study aims to document the prev-
alence of specific types of co-occurring SUD among Medicaid enrollees 
with an OUD diagnosis, describe differences in the demographic and 
clinical characteristics of these individuals, and assess the extent to 
which different SUD presentations are associated with differential pat-
terns of MOUD and psychosocial treatments. We build on prior research 
(O’Brien et al., 2020) through the use of more recent data through 2018, 
inclusion of adolescents in the study sample, examination of a richer set 
of individual characteristics (e.g., distinguishing Medicaid expansion 
from other non-disabled adults, measuring comorbidities that represent 
medical consequences of injection drug), and evaluation of differential 
patterns of MOUD (e.g., duration) to better understand how poly-
substance use disorders relate to treatment receipt as well as treatment 
quality. We also evaluate whether variation exists across states in the 

prevalence and characteristics of co-occurring SUD involvement. 

2. Methods 

2.1. Study design and setting 

This study uses data compiled through the Medicaid Outcomes 
Distributed Research Network (MODRN). MODRN enables efficient, 
standardized analyses of multiple states' Medicaid data while ensuring 
the security of health information. A distributed research network 
composes multiple organizations using a common data model to support 
centralized development, but local execution, of analytic programs. 
Under MODRN, each participating university obtained complete 
Medicaid data on a census of Medicaid beneficiaries enrolled in their 
state's Medicaid program at some point during the study period. Each 
university converted their state's Medicaid data to a MODRN Common 
Data Model, contributed to a common analytic plan, and conducted 
analyses locally on their own Medicaid data using standardized code 
developed by the data coordinating center. Finally, the state-university 
partners provided aggregate results, not data, to the data coordinating 
center, which combined the aggregate findings from multiple states for 
reporting and conducted statistical analyses. Each university partici-
pating in this project obtained an exempt determination from their 
institutional review board. 

2.2. Data source and study population 

Our study includes Medicaid enrollment, claims, and encounter data 
from four states (Maryland, Ohio, Pennsylvania, and West Virginia) for 
the period July 1, 2017 to December 31, 2018. We included all full- 
benefit, non-dually eligible Medicaid enrollees who were 12–64 years 
of age for the duration of the measurement period. For two outcomes of 
interest (continuity of MOUD and receipt of behavioral health coun-
seling with MOUD), we further restrict the sample to individuals 
continuously enrolled in Medicaid between 30 days prior to an MOUD 
encounter and 180 days after the MOUD claim. 

2.3. Measures 

2.3.1. Opioid use disorder 
OUD was indicated if enrollees had at least one encounter with any 

diagnosis (all diagnosis fields) of ICD-10 code F11 in inpatient, outpa-
tient, or professional claims between July 1, 2017, and June 30, 2018 
(Index Period). Following prior work (Finlay et al., 2016), we excluded 
individuals with only ICD-10 F11 codes related to OUD in remission. 

2.3.2. Co-occurring substance use disorder 
For individuals identified as having an OUD during the study time-

frame, we used analogous methods to determine whether they had a co- 
occurring SUD based on ICD-10 codes. We classified co-occurring SUDs 
for alcohol (F10), cannabis (F12), cocaine (F14), amphetamine-type 
stimulants (F15), other psychoactive substances (F19), and an “other” 
category that included other types of SUD that were relatively infre-
quent in the data (e.g., sedative/hypnotic/anxiolytic related disorders, 
hallucinogen-related disorders, any pregnancy related SUD, inhalant- 
related disorders; see Appendix Table A.1). Unlike the “other” cate-
gory, other psychoactive substance (F19) is used when the substance is 
unknown/uncertain, or it is not clear which substance is contributing 
most to the SUD. As with OUD, we did not count individuals with ICD- 
10 F codes related to SUD in remission. Individuals without an indicator 
for one of these other SUDs are classified as OUD-only. 

2.3.3. Demographics 
To assess whether individuals with co-occurring SUDs differed from 

those with OUD-only on demographics, we used information based on 
annual enrollment data from the year of the first OUD diagnosis. This 
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information includes age (categorical), sex, race and ethnicity, urban/ 
rural residence, and Medicaid eligibility category. We created five 
standardized, mutually exclusive eligibility groups using information 
from enrollment files and claims and described in detail elsewhere (The 
Medicaid Outcomes Distributed Research Network, 2021): 1) pregnant 
women, 2) youth, 3) adults with disability-related Medicaid eligibility, 
4) adults newly eligible under the Affordable Care Act Medicaid 
expansion (hereafter, expansion), and 5) traditionally eligible nondis-
abled adults. 

2.3.4. Comorbidities 
Information on psychological or physical health comorbidities came 

from claims records during the index period. In line with prior work 
(O’Brien et al., 2020; Ronan & Herzig, 2016; Serota et al., 2021), these 
comorbidities included codes related to mental health disorders (anxiety 
disorders, mood disorders, schizophrenic and other psychotic disorders, 
post-traumatic stress disorder [PTSD]); infectious disease related to in-
jection drug use or sexual transmission (human immunodeficiency virus 
[HIV], hepatitis C virus [HCV], hepatitis B virus [HBV]); and other 
injection-related physiological comorbidities (i.e., intracranial and 
intraspinal abscess, soft skin tissue infections, osteomyelitis, endo-
carditis). Appendix Table A.1 lists the codes used to identify 
comorbidities. 

2.3.5. Treatment outcomes 
We considered three outcomes related to receipt of treatment. 

Receipt of any MOUD was indicated if an individual had at least one 
claim with a National Drug Code (NDC) for buprenorphine or naltrexone 
within one year after the first diagnosis of OUD or by the end of the 
measurement period (whichever comes first), or if an individual had a 
Healthcare Common Procedure Coding System (HCPCS) code for 
buprenorphine, methadone administration, or extended-release inject-
able naltrexone. This study does not include claims for oral medications 
with negative, missing, or zero days' supply. 

In addition to receipt of MOUD, we evaluated continuity of phar-
macotherapy using National Quality Forum specifications. This measure 
is an indicator for whether an individual has at least one 180-day period 
of continuous MOUD treatment (i.e., no more than a 7-day gap) during 
the two-year analytic period (National Quality Forum, 2021). The 
MOUD period is determined based on prescription fill dates and days' 
supply from pharmacy claims, as well as the beginning and end dates of 
service for office- or facility-based administration of buprenorphine or 
facility-based dispensing of methadone. For injectable naltrexone, 
treatment days are assigned assuming a standard 28-day days' supply. 

Finally, we obtained information on receipt of behavioral health 
counseling with pharmacotherapy for OUD based on the existence of 
behavioral health counseling claims within inpatient, outpatient, and 
professional claim files. For the counseling and MOUD continuity out-
comes, the sample is conditioned on receipt of MOUD. The Appendix 
provides details on the Current Procedural Terminology (CPT)/HCPCS 
codes used to identify behavioral health counseling claims, as well as 
further detail on the construction of each of the treatment indicators. 

2.4. Data analysis 

We first present descriptive information on the prevalence of 
different SUDs within the study population, as well as the prevalence of 
OUD-only and OUD plus specific types of co-occurring SUDs. This article 
shows descriptive statistics for the pooled population, as well as for each 
of the four states; we have masked identifying information on state per 
the terms of our agreements with states. We also describe the charac-
teristics of individuals with OUD-only versus polysubstance use disor-
ders, assessing significance of differences across populations with chi- 
square tests. 

The study evaluated associations between treatment outcomes and 
co-occurring SUD with OUD using logistic regressions. For each of the 

three treatment outcomes, the study estimated unadjusted and adjusted 
odds ratios. The unadjusted models only included the six co-occurring 
SUD indicators, with OUD-only group as the reference group. The 
adjusted models controlled for enrollee's characteristics, including de-
mographics and comorbidities during the index period. 

Because MODRN prohibits individual-level data sharing across 
states, regression analyses proceeded in two stages. In stage 1, each state 
estimated a logistic regression model to evaluate odds of a given treat-
ment outcome based on observed characteristics of the enrollees. In 
stage 2, random effects meta-analysis generated pooled estimates of 
associations, with each state's estimates weighted by the inverse of their 
variances to account for differences in state populations. These analyses 
used the Hartung-Knapp-Sidik-Jonkman method (Knapp & Hartung, 
2003) to estimate between-state variances due to potential heteroge-
neity across states and to construct valid confidence intervals and 90 % 
prediction intervals. Cochran's Q test assessed heterogeneity across 
states with a null hypothesis that coefficients across state are homoge-
neous (i.e., equal), and the I2 statistic described the percentage of total 
variation due to state-to-state variability. Prediction intervals accounted 
for two sources of randomness, including the state-to-state variability 
quantified by a robust variance estimation approach (Sidik & Jonkman, 
2006) and within-state variability around the target estimates. A pre-
diction interval carries the extra uncertainty in the interested quantity 
for a single new state population. For this reason, while centered around 
the same global estimate, prediction intervals are generally wider than 
confidence intervals and their lengths do not tend to decrease even with 
more states included in the study. Prediction intervals thus help to assess 
error when generalizing findings to a new state population, whereas 
confidence intervals describe the uncertainty in the combined popula-
tion of interest and we use them to draw study conclusions. 

3. Results 

Our study population consisted of 5,982,625 full-benefit Medicaid 
enrollees from the four study states, 5.1 % of whom (n = 305,263) had 
an indicator for OUD during the index period. Among enrollees with 
OUD, more than half (52.7 %) had a co-occurring other SUD in 2018, 
with the percentage varying from 45.2 % to 61.0 % by state. As Fig. 1 
shows, the specific type of co-occurring SUDs varied across states, 
although some similarities occurred. In all four states, the most preva-
lent co-occurring SUD was for “other psychoactive substances,” indi-
cated among about one-quarter of enrollees with OUD in each state and 
among 45 % to 54 % of all enrollees with OUD and a co-occurring dis-
order. In three states (States A, B, and C), alcohol, cocaine, and cannabis 
were the next most common co-occurring SUDs; whereas State D 
differed in that amphetamine-type SUDs were the second most prevalent 
co-occurring SUD among enrollees with OUD, with far lower prevalence 
of co-occurring cocaine use disorder compared to the other states (7 % in 
State D versus >16 % in all other states). 

Table 1 describes the characteristics of our study sample, comparing 
those with OUD-only to those with OUD and another co-occurring SUD. 
Relative to enrollees with OUD alone, enrollees with OUD and co- 
occurring SUD were more likely to be male and eligible for Medicaid 
through the expansion. Differences in other characteristics between 
those with OUD alone and those with a co-occurring SUD varied by co- 
occurring SUD type. Youth and young adults aged 12 to 34 had higher 
prevalence of OUD and cannabis disorder or OUD and stimulant use 
disorders (i.e., amphetamine-type or cocaine), whereas adults aged 35 to 
64 had higher prevalence of OUD alone or OUD and alcohol use disor-
der. While generally, enrollees with OUD and a co-occurring SUD were 
more likely to be of minority race and ethnicity compared to those with 
OUD only, this was not the case for co-occurring amphetamine-type use 
disorders, 85 % of which were among non-Hispanic Whites. Similarly, 
enrollees with OUD and amphetamine-type use disorders had a higher 
proportion residing in rural areas (29 %) compared to those with other 
types of co-occurring SUDs (13 %–21 %) or those with OUD only (18 %). 
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Fig. 1. Prevalence of co-occurring substance use disorder among OUD population, by type. 
Notes: OUD = opioid use disorder. SUD = substance use disorder. 

Table 1 
Characteristics of individuals with OUD only and those with co-occurring substance use disorders.   

OUD only OUD + other SUD  

Alcohol Cannabis Cocaine Amphetamine Other psychoactive Other 

Overall N 144,342 56,395 57,591 54,625 32,062 77,535 40,861 
Age %        

12–20 1.2 2.5 5.5 2.0 3.4 2.2 3.5 
21–34 42.2 41.7 55.3 47.1 58.7 48.9 60.2 
35–44 27.9 25.6 23.2 25.8 25.8 25.7 22.1 
45–54 18.6 20.1 11.8 17.8 9.4 15.9 10.3 
55–64 10.1 10.0 4.3 7.3 2.7 7.3 4.0 

Sex %        
Female 50.5 37.6 41.6 45.0 46.2 46.4 60.3 
Male 49.5 62.4 58.4 55.0 53.8 53.6 39.7 

Race/Ethnicity %        
Non-Hispanic White 77.5 69.4 70.8 67.6 84.7 73.0 77.4 
Non-Hispanic Black 13.6 21.3 19.7 22.6 7.2 17.2 14.0 
Hispanic 3.1 2.8 3.3 3.9 1.7 3.8 3.0 
Other 5.8 6.5 6.2 5.9 6.4 6.0 5.6 

Eligibility %        
Pregnant women 2.9 3.7 7.3 6.0 6.8 7.7 25.2 
Children 1.0 2.4 5.0 1.8 3.3 2.0 2.5 
Disabled adults 17.1 17.2 13.7 16.5 10.3 16.7 11.6 
Non-disabled adults 23.1 13.9 16.6 14.4 17.3 15.2 13.8 
Expansion adults 55.9 62.8 57.4 61.3 62.2 58.5 46.8 

Living area %        
Urban 82.0 84.0 79.5 86.4 70.7 81.8 82.4 
Rural 18.0 16.0 20.5 13.6 29.3 18.2 17.6 

Other comorbidities %        
Anxiety disorder 33.8 56.4 55.7 55.9 60.2 57.1 60.3 
Mood disorder 35.6 65.0 61.8 65.5 64.5 62.9 63.9 
Schizophrenia & other psychotic disorder 3.1 15.8 15.5 16.3 17.6 15.2 13.5 
Post-traumatic stress disorder (PTSD) 5.8 17.0 18.1 18.4 19.5 15.5 17.4 
Hepatitis C (HCV) 11.2 24.1 22.9 31.4 31.5 33.1 29.0 
Human immunodeficiency virus (HIV) 1.0 2.5 1.9 3.4 1.8 3.2 1.9 
Hepatitis B (HBV) 0.6 1.9 1.9 2.4 2.7 3.0 1.9 
Soft skin tissue infections 12.2 19.2 19.8 25.4 25.8 27.9 20.6 
Other injection-related complicationsa 0.8 2.3 2.5 4.0 3.7 5.5 2.5 

Notes: OUD = opioid use disorder. SUD = substance use disorder. Co-occurring SUDs are not mutually exclusive (i.e., an individual with OUD can have more than one 
co-occurring SUD). 

a Other injection-related complications include intracranial and intraspinal abscess, osteomyelitis, and endocarditis. 
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The prevalence of comorbidities was substantially higher among 
enrollees with OUD and a co-occurring SUD. Anxiety disorders and 
mood disorders were nearly twice as prevalent among those with a co- 
occurring SUD (e.g., 55–65 % versus 34–36 %), while schizophrenia 
or other psychotic disorders and PTSD were indicated at rates more than 
fivefold or threefold, respectively, among those with OUD and a co- 
occurring SUD compared to among enrollees with OUD alone (e.g., 
15–20 % versus 3–6 %). Infectious diseases common in individuals with 
OUD (HCV, HBV, and HIV), as well as complications of injection drug 
use, were also more prevalent among those with co-occurring disorders 
compared to those with OUD alone in all four states. Indicators of 
injection-related complications were particularly prevalent among those 
with OUD and a co-occurring stimulant use disorder, who were more 
than twice as likely to have soft skin tissue infections and five times as 
likely to have other injection-related comorbidities (e.g., osteomyelitis, 
endocarditis, and soft skin tissue infections) compared to those with 
OUD alone. These patterns were consistent across the four study sample 
states. 

Tables 2–4 present meta-analytic results for the associations of co- 
occurring SUD diagnoses with OUD treatment outcomes, adjusted for 
enrollee characteristics (see Appendix Table A.2 for unadjusted esti-
mates). For receipt of MOUD (Table 2), the study found a high degree of 
heterogeneity across states in the extent to which enrollee SUD and 
other characteristics relate to the likelihood of receiving MOUD. Except 
for eligibility based on youth age (Cochran's Q test p = 0.25, I2 = 40.3), 
Cochran Q tests were significant for all model coefficients, and I2 ranged 
from 65.4 to 99.8, reflecting significant heterogeneity in estimated as-
sociations across states. Examining specific types of co-occurring SUD 
among the Medicaid population with OUD, enrollees with alcohol use 
disorder and cannabis use disorder had significantly lower odds of 
MOUD receipt (for alcohol, odds ratio [OR]: 0.70 and 95 % Confidence 
Interval [CI]: 0.49–1.02; for cannabis, OR: 0.65 and 95 % CI: 0.47–0.88); 
while enrollees with co-occurring other psychoactive SUD had signifi-
cantly higher odds of receiving MOUD (OR: 1.35; 95 % CI: 1.22–1.50). 
Enrollees with OUD and cocaine use disorder had similar likelihood of 
receiving MOUD compared to enrollees with OUD alone (OR: 0.99; 95 % 
CI: 0.86–1.14), whereas associations of OUD and amphetamine-type use 
disorder were more highly varied. 

Several other enrollee characteristics were consistently associated 
with the likelihood of receiving MOUD treatment within one year of 
OUD diagnosis. Across all states, compared to non-Hispanic White 
enrollees, racial/ethnic minority enrollees had significantly lower odds 
of receiving MOUD, with significant pooled estimates for non-Hispanic 
Black enrollees (OR: 0.49; 95 % CI: 0.39–0.61) and other non- 
Hispanic Non-White enrollees (OR: 0.74; 95 % CI: 0.58–0.95). 
Compared to non-disabled adults, likelihood of MOUD receipt was 16 % 
lower for expansion adults (95 % CI: 0.72–0.97), 26 % lower for preg-
nant women (95 % CI: 0.58–0.93), and 53 % lower for children (95 % CI: 
0.38–0.59). Finally, most mental and physical health comorbidities had 
negative or null association with MOUD receipt, with the exception of 
HCV, which was positively associated with receiving MOUD (OR: 1.69; 
95 % CI: 1.33–2.15). 

Table 3 presents results for continuity of MOUD treatment, which we 
consider a proxy indicator for treatment quality given the well- 
documented relationship between longer treatment duration and bet-
ter patient outcomes (Samples et al., 2020; Sordo et al., 2017). Again, 
the study found significant heterogeneity in estimated associations 
across states, although Cochran Q tests were not significant for co- 
occurring cocaine use disorder (Cochran's Q test p = 0.66; I2 = 26.7) 
nor for several other enrollee characteristics (e.g., sex, Hispanic 
ethnicity). Across all states, conditional on receiving MOUD, enrollees 
with OUD and a co-occurring SUD had lower odds of OUD medication 
continuity. From the pooled estimates, compared to enrollees with OUD 
only, significantly lower odds of MOUD treatment continuity were found 
for those with co-occurring SUDs involving cocaine (OR: 0.57; 95 % CI: 
0.54–0.59; 90 % prediction interval: 0.53–0.60), other psychoactive 

Table 2 
Meta-analytic results for associations of co-occurring substance use disorder 
with receipt of MOUD.    

Measures of state-to-state variability  

Global OR 
(95 % CI) 

Cochran's Q 
test  
p-value 

I2 90 % prediction 
interval of OR 

OUD-only 1 [Ref]    
OUD + alcohol 0.70 

(0.49–1.02)  
<0.001  99.0 0.38–1.29 

OUD + cannabis 0.65 
(0.47–0.88)  

<0.001  98.5 0.39–1.07 

OUD + cocaine 0.99 
(0.86–1.14)  

<0.001  92.2 0.79–1.24 

OUD + amphetamine 0.86 
(0.44–1.70)  

<0.001  99.5 0.28–2.63 

OUD + other 
psychoactive 
substance 

1.35 
(1.22–1.50)  

<0.001  88.9 1.15–1.58 

OUD + other 1.15 
(0.81–1.64)  

<0.001  98.3 0.65–2.05 

Age group     
12–20 1.04 

(0.70–1.55)  
0.003  79.4 0.57–1.89 

21–34 1.96 
(1.58–2.43)  

<0.001  93.2 1.40–2.75 

35–44 1.97 
(1.45–2.67)  

<0.001  96.6 1.20–3.21 

45–54 1.46 
(1.25–1.70)  

0.004  86.7 1.15–1.85 

55–64 1 [Ref]    
Sex     

Female 1 [Ref]    
Male 0.99 

(0.88–1.12)  
<0.001  93.6 0.82–1.20 

Race/ethnicity     
Non-Hispanic White 1 [Ref]    
Non-Hispanic Black 0.49 

(0.39–0.61)  
<0.001  96.0 0.35–0.69 

Hispanic 0.30 
(0.03–3.43)  

<0.001  99.8 0.01–15.93 

Other 0.74 
(0.58–0.95)  

<0.001  94.9 0.50–1.10 

Eligibility     
Non-disabled adults 1 [Ref]    
Expansion adults 0.84 

(0.72–0.97)  
<0.001  92.4 0.67–1.05 

Pregnant women 0.74 
(0.58–0.93)  

<0.001  90.2 0.51–1.06 

Children 0.47 
(0.38–0.59)  

0.246  40.3 0.36–0.63 

Disabled adults 0.50 
(0.21–1.18)  

<0.001  99.6 0.12–2.05 

Living area     
Urban 1 [Ref]    
Rural 0.93 

(0.70–1.22)  
<0.001  98.2 0.59–1.45 

Other comorbidities     
Anxiety disorder 0.88 

(0.75–1.04)  
<0.001  96.0 0.68–1.14 

Mood disorder 0.94 
(0.83–1.06)  

<0.001  93.3 0.77–1.14 

Schizophrenia & 
other psychotic 
disorders 

0.74 
(0.61–0.90)  

<0.001  92.5 0.54–1.01 

PTSD 1.03 
(0.95–1.12)  

0.046  65.4 0.91–1.16 

HCV 1.69 
(1.33–2.15)  

<0.001  97.5 1.15–2.50 

Soft skin tissue 
infections 

0.90 
(0.82–0.99)  

<0.001  83.7 0.78–1.04 

Other injection- 
related 
complicationsa 

0.58 
(0.45–0.75)  

<0.001  84.7 0.40–0.85 

Length of follow-up 
(months)b 

1.18 
(1.13–1.23)  

<0.001  98.4 1.10–1.26 
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substances (OR: 0.73; 95 % CI: 0.60–0.88; 90 % prediction interval: 
0.66–0.83), and alcohol (OR: 0.66; 95 % CI: 0.51–0.87; 90 % prediction 
interval: 0.44–1.02). Significantly lower likelihood of MOUD treatment 
continuity was also shown for male enrollees, enrollees under age 55, 
and non-Hispanic Black enrollees. Additionally, enrollees with schizo-
phrenia and other psychotic disorders, soft skin tissue infections, or 
other opioid-related diseases had significantly lower odds of OUD 
treatment continuity. 

Finally, given the importance of psychosocial treatments for 
addressing non–opioid use disorders—such as alcohol, cannabis, and 
stimulant use disorders (Dutra et al., 2008)—Table 4 examines results 
for receipt of behavioral health counseling in combination with MOUD 
treatment. There is substantial variability in estimated associations 
across states, with all model coefficients for the co-occurring SUD 
measures having significant Cochran Q tests and I2 ranging from 89.1 to 
97.5. Pooling across states, the only significant relationships with 
behavioral health counseling are positive associations estimated for 
Hispanic ethnicity (OR: 1.31; 95 % CI: 1.13–1.51; 90 % prediction in-
terval: 0.99–1.72); and diagnosis of a mood disorder (OR: 1.56; 95 % CI: 
1.35–1.79; 90 % prediction interval: 1.25–1.93), PTSD (OR: 1.75; 95 % 
CI: 1.42–2.16; 90 % prediction interval: 1.30–2.37), or HCV (OR: 1.24; 
95 % CI: 1.08–1.43; 90 % prediction interval: 1.00–1.54). 

For all outcomes, variability across states creates a high level of 
uncertainty in the pooled estimates. Given the substantial heterogeneity 
across states in the relationships of co-occurring SUDs with OUD treat-
ment outcomes, Fig. 2 presents state-specific estimates of the association 
of comorbid SUD types with each treatment outcome from adjusted 
models stratified by state (full results shown in Appendix Tables A.3 to 
A.5). Several areas exist where the pooled estimates may mask both 
statistically and substantively important heterogeneity across states. For 
the outcome of any MOUD receipt, a substantial divergence occurred in 
the relationship of co-occurring amphetamine-type use disorder with 
MOUD receipt for one state. Compared to enrollees with OUD-only, 
enrollees who also had an amphetamine-type use disorder had signifi-
cantly lower odds of MOUD receipt in three states (OR range from 0.61 
to 0.76), but significantly higher odds of MOUD receipt in State A (OR: 
1.61; 95 % CI: 1.43–1.81). 

Conditioning on enrollees with OUD who received MOUD treatment, 
the four states generally show the same directionality in the relationship 
of co-occurring SUD with MOUD continuity and receipt of behavioral 
counseling, although the magnitudes often vary widely. Compared to 
enrollees with OUD-only, enrollees who also had an amphetamine-type 
use disorder had significantly lower odds of continuous MOUD treat-
ment in all four states, but with estimates ranging from 60 % lower odds 
in State D (OR: 0.38; 95 % CI: 0.34–0.43) to only 10 % lower odds in 
State A (OR: 0.87; 95 % CI: 0.75–1.00). For the outcome of MOUD 
combined with behavioral health counseling, the four states generally 
showed null or positive relationships with co-occurring SUDs. However, 
the magnitude of these relationships was much larger for State B and 
State C, where enrollees with OUD and a co-occurring SUD generally 
had 1.5 or twofold higher odds of receiving counseling compared to 
enrollees with OUD only. 

Notes: N = 305,263. Number of individuals receiving MOUD is 185,247 (60.7 
%). MOUD = medication treatment for opioid use disorder. OUD = opioid use 
disorder. OR = odds ratio. PTSD = post-traumatic stress disorder. HCV = hep-
atitis C virus. 

a Other injection-related complications include intracranial and intraspinal 
abscess, osteomyelitis, and endocarditis; which were combined due to small cell 
sizes. 

b Length of follow-up is defined as the number of months between the first 
OUD diagnosis and the end of the follow up period (either end of the mea-
surement period or one year after the first diagnosis of OUD). 

Table 3 
Meta-analytic results for associations of co-occurring substance use disorder 
with MOUD treatment continuity.    

Measures of state-to-state variability  

Global OR 
(95 % CI) 

Cochran's Q 
test  
p-value 

I2 90 % prediction 
interval of OR 

OUD-only 1 [Ref]    
OUD + alcohol 0.66 

(0.51–0.87)  
<0.001  95.5 0.44–1.02 

OUD + cannabis 0.87 
(0.74–1.03)  

<0.001  86.7 0.68–1.12 

OUD + cocaine 0.57 
(0.54–0.59)  

0.664  26.7 0.53–0.60 

OUD + amphetamine 0.60 
(0.35–1.02)  

<0.001  98.0 0.25–1.42 

OUD + other 
psychoactive 
substance 

0.73 
(0.60–0.88)  

<0.001  94.1 0.54–0.99 

OUD + other 0.99 
(0.76–1.30)  

<0.001  94.4 0.65–1.52 

Age group     
12–20 0.33 

(0.17–0.64)  
0.037  77.7 0.12–0.90 

21–34 0.51 
(0.39–0.67)  

<0.001  88.3 0.34–0.78 

35–44 0.68 
(0.55–0.83)  

<0.001  78.8 0.50–0.92 

45–54 0.82 
(0.73–0.91)  

0.183  41.5 0.71–0.94 

55–64 1 [Ref]    
Sex     

Female 1 [Ref]    
Male 0.88 

(0.85–0.92)  
0.458  24.2 0.84–0.92 

Race/ethnicity     
Non-Hispanic White 1 [Ref]    
Non-Hispanic Black 0.65 

(0.52–0.82)  
0.007  90.7 0.45–0.94 

Hispanic 0.82 
(0.59–1.14)  

0.274  86.5 0.44–1.52 

Other 0.92 
(0.84–1.01)  

0.295  37.8 0.81–1.03 

Eligibility     
Non-disabled adults 1 [Ref]    
Expansion adults 0.78 

(0.71–0.85)  
0.022  68.9 0.68–0.89 

Pregnant women 1.11 
(0.95–1.29)  

0.022  62.8 0.89–1.37 

Children 0.61 
(0.59–1.14)  

0.069  70.4 0.25–1.51 

Disabled adults 0.89 
(0.76–1.05)  

0.018  77.8 0.70–1.14 

Living area     
Urban 1 [Ref]    
Rural 1.03 

(0.76–1.40)  
<0.001  96.9 0.63–1.70 

Other comorbidities     
Anxiety disorder 1.04 

(0.94–1.17)  
<0.001  82.7 0.88–1.23 

Mood disorder 0.91 
(0.83–1.01)  

0.001  79.4 0.79–1.06 

Schizophrenia & 
other psychotic 
disorders 

0.87 
(0.77–1.00)  

0.055  62.9 0.73–1.05 

PTSD 1.00 
(0.88–1.13)  

0.167  71.7 0.83–1.21 

HCV 0.98 
(0.87–1.12)  

<0.001  85.7 0.81–1.20 

Soft skin tissue 
infections 

0.80 
(0.73–0.88)  

0.01  69.2 0.70–0.91 

Other injection- 
related 
complicationsa 

0.74 
(0.68–0.81)  

0.808  7.3 0.68–0.81 

Length of follow-up 
(months)b 

1.21 
(1.16–1.27)  

<0.001  98.7 1.12–1.30 
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4. Discussion 

The use of medications for OUD has seen substantial improvements 
since 2016 (Shen et al., 2020; The Medicaid Outcomes Distributed 
Research Network, 2021), but our study of Medicaid data from four 
states indicates that substantial gaps remain for individuals with OUD 
and a co-occurring SUD, a group representing more than half of in-
dividuals in both our sample and samples from other studies (Hassan & 
Le Foll, 2019; O’Brien et al., 2020). In most states, enrollees with OUD 
and alcohol, cannabis, or amphetamine use disorder are significantly 
less likely to receive MOUD compared to enrollees with OUD only. These 
disparities are even more pronounced for treatment continuity; those 
with co-occurring SUDs have 10 % to 50 % lower odds of having a 180- 
day period of continuous MOUD treatment, an important predictor of 
better patient outcomes (Samples et al., 2020; Sordo et al., 2017). Our 
results emphasize the need to improve evidence-based treatment initi-
ation and retention within Medicaid programs for enrollees with OUD 
and most types of co-occurring SUD. The complicating role co-occurring 
SUDs play in treatment retention, combined with an absence of medi-
cation treatments focused on polysubstance use, highlights a need for 
further clinical research on polysubstance use. Collaborative care 
models, which can be designed to help address multiple SUDs, may be a 
particularly productive setting for evaluating different models of care 
for patients with polysubstance use. 

While the negative association of co-occurring SUDs with MOUD 
receipt has been documented in prior research (O’Brien et al., 2020; The 
Medicaid Outcomes Distributed Research Network, 2021), we find 
several novel aspects of heterogeneity across specific types of co- 
occurring SUD and across states. For all four states, compared to 
enrollees with OUD-only, enrollees with OUD and other psychoactive 
SUD were significantly more likely to receive MOUD treatment within 
one year of OUD diagnosis, in contrast with the generally negative as-
sociations found for all other co-occurring SUDs. Why this group has a 
higher likelihood of MOUD receipt than those with OUD-only is unclear, 
and whether the conditions of these patients have unique aspects is also 
unclear. Perhaps practitioners are more inclined to provide MOUD when 
they are aware of polysubstance exposure, and they believe that OUD is 
contributing most to the disorders, or when OUD is the only identifiable 
target that can be addressed because the others are unknown. Demo-
graphically, this group appears most like enrollees with OUD and 
cocaine use disorder, but they have fewer psychiatric comorbidities and 
higher rates of physiological comorbidities. Given that OUD with other 
psychoactive SUD was the most prevalent comorbid SUD in all four 
states, further insights may be gained by future research that conducts a 
more detailed analyses or case note review to better understand these 
patients and to assess whether their relatively higher likelihood of 
MOUD receipt reflects unique aspects of this patient population versus, 
for example, an artifact of certain types of providers tending to use these 
diagnosis codes. 

Our results also highlight the importance of considering between- 
state heterogeneity in Medicaid treatment processes and outcomes for 
individuals with multiple SUDs compared to those with OUD alone. 
Although prior analysis has found Medicaid enrollees with OUD and 
stimulant disorders are less likely than those with OUD only to receive 
MOUD (O’Brien et al., 2020), our state-specific analyses reveal that the 
relationship of treatment outcomes with co-occurring OUD and 

Notes: N = 160,557. Number of individuals with continuous MOUD is 89,489 
(55.7 %). MOUD = medication treatment for opioid use disorder. OUD = opioid 
use disorder. OR = odds ratio. PTSD = post-traumatic stress disorder. HCV =
hepatitis C virus. 

a Other injection-related complications include intracranial and intraspinal 
abscess, osteomyelitis, and endocarditis; which were combined due to small cell 
sizes. 

b Length of follow-up is defined as the number of months between the index 
MOUD date and the end of the follow-up period (ranging from 6 to 18 months). 

Table 4 
Meta-Analytic results for associations of co-occurring substance use disorder 
with behavioral health counseling and MOUD.    

Measures of state-to-state variability  

Global OR 
(95 % CI) 

Cochran's 
Q test  
p-value 

I2 90 % prediction 
interval of OR 

OUD-only 1 [Ref]    
OUD + alcohol 1.54 

(0.93–2.54)  
<0.001  97 0.68–3.48 

OUD + cannabis 1.46 
(0.89–2.38)  

<0.001  96.8 0.66–3.24 

OUD + cocaine 1.46 
(0.83–2.57)  

<0.001  97.5 0.58–3.67 

OUD + amphetamine 1.28 
(0.63–2.58)  

<0.001  97.3 0.41–4.00 

OUD + other 
psychoactive 
substance 

1.08 
(0.78–1.50)  

<0.001  96.6 0.63–1.84 

OUD + other 1.20 
(0.91–1.58)  

<0.001  89.1 0.78–1.85 

Age group     
12–20 1.27 

(0.71–2.26)  
0.153  57.3 0.57–2.84 

21–34 1.10 
(0.90–1.35)  

0.006  70.8 0.83–1.48 

35–44 1.02 
(0.80–1.29)  

<0.001  77.9 0.72–1.45 

45–54 1.00 
(0.83–1.21)  

0.017  64.6 0.77–1.30 

55–64 1 [Ref]    
Sex     

Female 1 [Ref]    
Male 1.04 

(0.93–1.17)  
<0.001  78.8 0.88–1.23 

Race/ethnicity     
Non-Hispanic White 1 [Ref]    
Non-Hispanic Black 1.02 

(0.60–1.72)  
<0.001  96.9 0.44–2.35 

Hispanic 1.31 
(1.13–1.51)  

0.776  38.7 0.99–1.72 

Other 0.96 
(0.82–1.13)  

0.034  61.6 0.77–1.20 

Eligibility     
Non-disabled adults 1 [Ref]    
Expansion adults 1.20 

(0.89–1.62)  
<0.001  95.9 0.74–1.95 

Pregnant women 0.97 
(0.81–1.18)  

0.025  63.4 0.75–1.27 

Children 0.96 
(0.38–2.39)  

0.009  78.5 0.24–3.76 

Disabled adults 1.08 
(0.72–1.62)  

<0.001  94.9 0.56–2.07 

Living area     
Urban 1 [Ref]    
Rural 0.87 

(0.61–1.25)  
<0.001  97 0.49–1.57 

Other comorbidities     
Anxiety disorder 1.14 

(0.79–1.64)  
<0.001  97.7 0.63–2.06 

Mood disorder 1.56 
(1.35–1.79)  

<0.001  85.1 1.25–1.93 

Schizophrenia & 
other psychotic 
disorders 

1.01 
(0.61–1.66)  

<0.001  93.2 0.46–2.24 

PTSD 1.75 
(1.42–2.16)  

0.02  70 1.30–2.37 

HCV 1.24 
(1.08–1.43)  

0.002  79.4 1.00–1.54 

Soft skin tissue 
infections 

1.01 
(0.91–1.12)  

0.082  61.7 0.87–1.16 

Other injection- 
related 
complicationsa 

0.64 
(0.49–0.85)  

0.085  58.4 0.44–0.95 

Length of follow-up 
(months)b 

1.17 
(1.11–1.24)  

<0.001  94.5 1.07–1.29 
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stimulant (i.e., cocaine or amphetamine-type) use disorders exhibits 
substantive variability across states. Unlike for co-occurring alcohol or 
cannabis use disorders, different states appear to have varied success in 
initiating MOUD treatment among enrollees with co-occurring OUD and 
stimulant use disorders as well as for linking these individuals with 
behavioral health counseling. Given the stark rise in illicit stimulant 
availability, use, and use disorders in recent years (Hoots et al., 2020; 
Jones et al., 2020), evaluating the reasons underlying this state-level 
variation may facilitate development of tailored treatment approaches 
that can address the combination of health, economic, and social care 
issues commonly needed among the population with stimulant use dis-
order (O'Donnell et al., 2019). 

Finally, while few enrollee characteristics were consistently associ-
ated with treatment receipt and retention, non-Hispanic Black enrollees 
had half the odds of receiving MOUD compared to non-Hispanic White 
enrollees. Restricting to the set of individuals who received MOUD, non- 
Hispanic Black enrollees still had significantly lower odds of having a 
180-day period of continuous MOUD treatment compared to White 
enrollees. These findings, which were consistent across all four states, 
align with similar patterns of racial disparities in OUD treatment that 
have been documented in previous studies (Administration & Substance 
Abuse Mental Health Services Administration, 2020; Hollander et al., 
2021; Schiff et al., 2020; The Medicaid Outcomes Distributed Research 
Network, 2021; Tiako, 2021). 

4.1. Limitations 

This exploratory study has several limitations. First, as with any 
analysis of claims data, SUD diagnoses codes have inaccuracies and 
missingness (Howell et al., 2021) that may produce misclassification 
bias. Claims data also contain little information on illness severity or 
provider and patient preferences, which may drive some of the observed 
associations. Second, our study data are restricted to Medicaid enrollees 
from four relatively geographically concentrated states. While it is un-
clear whether our study findings may generalize to other state Medicaid 
programs, the consistency of our results with some other research 
(O’Brien et al., 2020) using other Medicaid samples lends some support 
to generalizability. Third, we found substantial heterogeneity across 
states, reflected in wide prediction intervals, which limits generaliz-
ability to other states. This finding highlights the importance of state- 
specific analyses and supports further analysis with a wider sample of 
states to study this heterogeneity directly. Fourth, although our ability 
to capture methadone treatment through OTPs and psychosocial treat-
ment improves over studies relying on pharmacy claims data (Meinhofer 
et al., 2019; Saloner et al., 2017), we cannot capture medication or 
psychosocial treatment not paid for by Medicaid. Last, our data end in 
2018; given the continued evolution of the opioid crisis, particularly in 
the context of the COVID-19 pandemic (Alexander et al., 2020), these 
associations may have changed by 2021. 

5. Conclusions 

The opioid crisis is transitioning to a polydrug crisis, and early in-
dicators from the COVID-19 pandemic suggest particularly stark in-
creases in use, availability, and harms associated with alcohol, 
stimulants, and synthetic opioids (DiGennaro et al., 2021; Palamar et al., 
2021; Roberts et al., 2021). Current efforts to increase access to and 
quality of evidence-based treatment for OUD need renewed focus and 
attention to ensure that individuals with co-occurring SUDs are engaged 
and retained in effective treatment. Continued changes in drug use 

Notes: N = 160,557. Number of individuals receiving behavioral health coun-
seling is 133,464 (83.1 %). MOUD = medication treatment for opioid use dis-
order. OUD = opioid use disorder. OR = odds ratio. PTSD = post-traumatic stress 
disorder. HCV = hepatitis C virus. 

a Other injection-related complications include intracranial and intraspinal 
abscess, osteomyelitis, and endocarditis; which were combined due to small cell 
sizes. 

b Length of follow-up is defined as the number of months between the first 
OUD diagnosis and the end of the follow up period (either end of the mea-
surement period or one year after the first diagnosis of OUD). 

Fig. 2. State-specific results for associations of co-occurring substance use disorder with treatment outcomes, odds ratios and 95% confidence intervals relative to 
individuals with OUD only. 
Notes: OUD = opioid use disorder. MOUD = medication for OUD. Figures shows odds ratios (ORs) and 95% confidence intervals (CIs) from regression models 
adjusted for demographic and other characteristics of enrollees shown in Table 1. 
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patterns, supply sources, and populations experiencing harms may 
necessitate new policy approaches that are not narrowly focused on 
opioid use or OUD but those that more fully address the complex needs 
of a growing population of individuals with OUD and other types of SUD. 
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