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H I G H L I G H T S  

• Hospitalizations for opioid and methamphetamine co-use increased between 2016 and 2019. 
• A high proportion of co-use stays had co-morbid psychiatric and infectious diseases. 
• Co-use was associated with a higher proportion of patient directed discharge. 
• Co-use presents unique challenges for delivering hospital-based addiction services.  
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A B S T R A C T   

Introduction: The US overdose crisis is increasingly characterized by opioid and methamphetamine co-use. 
Hospitalization is an important opportunity to engage patients in substance use treatment. Understanding 
characteristics of co-use-related hospital stays can inform the development of services to better support this 
growing patient population. 
Methods: We used 2016–2019 National Inpatient Sample data to conduct a cross sectional analysis of hospital
izations involving use of opioids, methamphetamine, or both. We used bivariate analysis to compare patient 
demographics. We then used multinomial logistic regressions to compare the proportion of hospital stays which 
indicated co-morbid diagnosis. To account for correlated data, we used generalized linear models to compare 
outcomes in hospital mortality, patient-directed discharge, and length of stay. 
Results: Co-use-related stays had a higher proportion of co-morbid mental health (60.7%; 95% CI: 59.9–61.4%) 
and infectious diseases (41.5%; 95% CI: 40.8–42.2%), than opioid- or methamphetamine-related stays. Co-use- 
related stays increased between 2016 and 2019 and were associated with a higher proportion of patient directed 
discharge (10.7%; 95% CI: 10.4–11.0%) and longer length of stay (6.3 days; 95% CI: 6.2–6.4 days) compared to 
opioid (8.1%; 95% CI: 7.9–8.3% and 5.8 days; 95% CI: 5.8–5.9 days) and methamphetamine-related stays (6.5%; 
95% CI: 6.3–6.6% and 5.5 days; 95% CI: 5.4–5.5 days). 
Conclusion: Patients discharged with co-use differ from patients with opioid or methamphetamine use alone, 
representing a range of challenges and opportunities. In addition to offering treatment for both substance use 
disorders, hospital-based services that address co-occurring conditions may better support patients with co-use 
through targeted and tailored approaches.   

1. Introduction 

The overdose crisis in the United States (US) is increasingly driven by 

both opioids and methamphetamine (Fischer et al., 2021). Between 
2011 and 2021 overdose deaths involving both psychostimulants (pre
dominantly methamphetamine) and opioids increased 21-fold, and in 
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2021 opioids were present in 66% of all psychostimulant overdose 
deaths (Spencer et al., 2023). Increases in opioid and methamphetamine 
co-use have been identified in admissions to specialty substance use 
treatment facilities (Jones et al., 2020b), Veterans Health Administra
tion hospitals (Warfield et al., 2022), and community hospitals (Fingar 
and Owens, 2021). 

Hospital admissions offer a key opportunity to connect individuals 
with substance use treatment. Over 20% of individuals with opioid and/ 
or methamphetamine use disorders were hospitalized at least once in the 
previous year (Gryczynski et al., 2016). A variety of hospital-based 
addiction medicine models have been developed (Englander et al., 
2022), however most were designed specifically for patients with opioid 
use disorder (OUD) and focus on continuing or initiating treatment with 
medications for opioid use disorder (MOUD) (Weimer et al., 2019). 
These services may not support patients with multiple substance use 
disorders as effectively compared to patients with OUD alone (Eng
lander et al., 2020; Nordeck et al., 2018; Tsui et al., n.d.). As the over
dose crisis is increasingly characterized by opioid and 
methamphetamine co-use, it is important to better understand these 
patients’ needs so that hospitals can develop and implement in
terventions to better serve this population. 

Past research has identified high rates of mood disorders, psychotic 
disorders, and septicemia in methamphetamine-related (Winkelman 
et al., 2018) as well as opioid-related (Alemu et al., 2021) hospital stays. 
These studies also found hospitalized patients with opioid or metham
phetamine use were more likely to be younger and White compared to 
other patients. However, the demographic characteristics and other 
medical needs of hospitalized patients with both opioid and metham
phetamine co-use remain unknown. Findings from community surveys 
suggest hospital care for patients with co-use may be complicated by 
higher rates of chronic conditions, severe mental illness, infectious, and 
cardiovascular diseases (Shearer et al., 2020). One study has described 
the prevalence of hospital admissions indicating both opioid and stim
ulant use and compared demographic characteristics across substance 
use group (Fingar and Owens, 2021). Notably, this study included both 
methamphetamine and cocaine in a single aggregate stimulant use 
category despite differences in sociodemographic and health charac
teristics associated with methamphetamine and cocaine use (Booth 
et al., 2006; Jones et al., 2020a; Mustaquim et al., 2021). As hospitals 
respond to the shifting nature of the substance use epidemic, it is 
important to better understand the characteristics of hospitals where 
patients are admitted, patient demographic, and co-occurring medical 
needs associated with opioid and methamphetamine co-use specifically. 

In this study we use four years of nationally representative data to 
describe hospital admissions indicating methamphetamine, opioid, and 
co-use. We estimate the 2016–2019 trends in hospitalizations for each 
substance use group. We compare the patient demographics, comor
bidities, admitting hospital characteristics, and hospitalization out
comes between substance use groups. 

2. Material and methods 

2.1. Study sample and data source 

We used data from the National Inpatient Sample (NIS) for hospital 
discharges between 2016 and 2019. The NIS is a nationally- 
representative all payer database and includes patient demographic, 
hospital characteristic, diagnosis, and stay outcome information for 20% 
of all inpatient discharges to acute care hospitals, representative of 97% 
of hospitalizations nationwide (Agency for Healthcare Research and 
Quality, 2020). For this cross-sectional analysis we used all admissions 
for adults aged 18 and older where opioid and/or methamphetamine use 
was indicated. 

2.2. Methamphetamine and opioid use 

We identified opioid and/or methamphetamine use with primary 
and secondary ICD-10-CM diagnosis codes (NIS data includes up to 40 
diagnoses per record). Opioid use was identified with diagnosis codes for 
opioid abuse, dependence, or poisoning. Although there are not specific 
ICD-10-CM codes for methamphetamine abuse, dependence, or 
poisoning, we used codes for other stimulant related disorders and 
psychostimulant poisoning to identify methamphetamine use (Appendix 
A). Previous work has shown that these codes have a high predictive 
probability for methamphetamine-use (Shearer et al., 2021). After 
identifying all admissions with opioid and/or methamphetamine use, 
we categorized them into three mutually exclusive groups: opioid use 
without methamphetamine use, methamphetamine use without opioid 
use, and opioid and methamphetamine co-use. 

2.3. Patient demographic characteristics 

We include categorical variables for patient race and ethnicity (non- 
Hispanic Black, non-Hispanic White, and non-Hispanic Other [Asian/ 
Pacific Islander, Native American, & other], and Hispanic), age (18–24, 
25–34, 35–44, 45–54, 55+), and insurance coverage (Medicare, 
Medicaid, and other [includes Private, self-pay, no charge]) as well as a 
binary indicator for gender. 

2.4. Patient co-morbidities 

Based on a review of the literature and discussion with addiction 
medicine experts we identified disease which may be associated with 
opioid and/or methamphetamine use (Alemu et al., 2021; Curran et al., 
2022; D’Amico et al., 2019; Dickson et al., 2021; Han et al., 2021b; 
Ronan and Herzig, 2016; Wen et al., 2020). We used groups of 
ICD-10-CM codes from the Clinical Classification Software Refined for 
ICD-10-CM diagnosis codes to define most disease categories (Appendix 
A). We then grouped diseases to identify medical services which may be 
involved in substance-related stays: mental health, infectious disease, 
cardiovascular, pulmonary, additional substance use, and injury. A 
single hospitalization may include diagnosis for multiple specific dis
eases but would only be counted in the overall category once. We 
tabulated the proportion of diseases and injuries by group. We also used 
Stata’s Elixhauser module to calculate the Elixhauser Comorbidity Index 
for each hospital stay. We considered primary and secondary diagnosis 
codes when identifying co-morbid conditions. 

2.5. Hospital characteristics 

We included categorical variables for hospital region (Northeast, 
Midwest, South, West), size (small, medium, large), and ownership 
(public, non-profit, for-profit) and a combined rural/urban location/ 
teaching status variable (rural, urban non-teaching, urban teaching). We 
classified hospital size using NIS definitions, which vary based on a 
hospital’s region, location and teaching status (Agency for Healthcare 
Research and Quality, 2020). 

2.6. Hospital outcomes 

Based on the discharge disposition, we created binary indicators for 
whether the patient died while hospitalized or had a patient directed 
discharge (identified as “against medical advice” in the NIS). We 
calculated length of stay as a count variable by subtracting the admis
sion date from the discharge date (2.2% of discharges had a stay length 
of zero days). 

2.7. Statistical analysis 

First, we estimated the weighted prevalence of opioid, 
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methamphetamine, and co-use-related hospitalizations from 2016 to 
2019. We conducted separate bivariate analysis with chi-square and 
Wald-T tests to determine whether differences in frequency of de
mographic characteristics between co-use and opioid or methamphet
amine use alone were statistically significant. We estimated the age- and 
sex-adjusted proportion of substance use involved admissions which 
also indicated each comorbidity using logistic regressions and Stata’s 
postestimation margin command. 

Next, we compared hospital characteristics across the three sub
stance use groups. We used multinomial logistic regressions, controlling 
for demographic characteristics and overall health with an Elixhauser 
Comorbidity Index score, to estimate the proportion of admissions that 
were to each hospital type and whether this differed across groups. 

Finally, we compared hospital stay outcomes across the three groups. 
Controlling for demographic characteristics, Elixhauser Comorbidity 
Index, and hospital characteristics we used generalized linear models 
with a binomial distribution and logit link to estimate the weighted 
proportion of hospital deaths and patient-directed discharges. We used a 
generalized linear model with a Poisson distribution and log link to 
compare the mean length of stay between the three substance use 
groups. To account for potential correlation at the hospital level, 
regression analyses of hospital characteristics and stay outcomes were 
estimated with standard errors calculated to account for hospital-year 
clusters. Observations with missing sociodemographic characteristics 
(0.02%, 0.2%, and 3.2%, missing gender, insurance, and race/ethnicity 
information, respectively) were excluded using case wise deletion. An 
additional 0.1% of observations were missing hospital outcome infor
mation and were excluded from that analysis. Appropriate strata and 
weight variables were used to account for the NIS’s complex survey 
design in all analyses. Stata 18.0 was used for all analyses. This project 
was determined to not be human subjects research by the University of 
Minnesota’s Institutional Review Board. 

3. Results 

3.1. Trends in opioid, methamphetamine, and co-use hospitalizations 

Between 2016 and 2019, we identified over a million annual opioid 
and/or methamphetamine-related hospital stays using nationally 
representative discharge data (Appendix B). The weighted number of 
opioid-related stays decreased from 899,000 (95% CI: 
852,000–946,000) in 2016 to 818,000 (95% CI: 775,000–861,000) in 
2019, while methamphetamine-related stays increased from 229,000 
(95% CI: 211,000–247,000) to 357,000 (95% CI: 331,000–382,000) and 

co-use-related stays increased from 67,000 (95% CI: 62,000–72,000) to 
97,000 (95% CI: 90,000–105,000). 

3.2. Patient demographic characteristics 

A larger proportion of co-use-related stays were for younger patients 
aged 18–24 (10.8%; 95% CI: 10.5–11.1%) and 25–34 (38.5%; 95% CI: 
38.0–39.0%), while a larger proportion of opioid-related stays were for 
older patients aged 55–64 (21.0%; 95% CI: 20.9–21.1%) and 65+
(23.6%; 95% CI: 23.3–24.0%) (Table 1). A majority of 
methamphetamine-related (62.7%; 95% CI: 62.4–63.0%) and co-use- 
related stays (57.1%; 95% CI: 56.5–57.6%) were for male patients, but 
only 48.1% (95% CI: 47.8–48.4%) of opioid-related stays were for 
males. Compared to other substance use groups, opioid-related stays 
were more common for non-Hispanic Black patients (14.9%; 95% CI: 
14.4–15.4%) and methamphetamine-related stays were more common 
for Hispanic patients (15.0%; 95% CI: 14.3–15.7%). Both metham
phetamine- and co-use-related stays were more common for patients 
enrolled in Medicaid (53.3%; 95% CI: 52.5–54.2% and 55.8%; 95% CI: 
54.8–56.8%, respectively) than opioid-related stays (35.0%; 95% CI: 
34.4–35.5%). 

3.3. Comorbidities 

We observed high proportion of comorbidities across each substance 
use-related stay group. Mental health diagnoses were the most common 
co-morbid disease identified. Co-use-related stays had the highest pro
portion of most co-morbid mental health disorders (60.7%; 95% CI: 
59.9–61.4%) (Table 2). However, schizophrenia and related psychosis 
disorders were more common among methamphetamine-related stays 
(20.8%; 95% CI: 20.1–21.6%). The proportion of diagnosis for suicide 
ideation or attempt was also high among methamphetamine-related 
(16.0%; 95% CI: 15.4–16.6%) and co-use-related stays (15.3%; 95% 
CI: 14.7–15.8%). 

Co-use-related stays had substantially higher proportions of co- 
morbid infectious diseases (41.5%; 95% CI: 40.8–42.2%), than opioid 
(30.1%; 95% CI: 29.8–30.4%) or methamphetamine-related stays 
(25.2%; 95% CI: 24.8–25.6%) (Table 2). Viral hepatitis, skin infections, 
and septicemia were the most common infectious diagnoses across all 
groups. Among opioid- and co-use-related stays, we also observed 
relatively high proportions of severe infections including endocarditis 
and osteomyelitis. Methamphetamine-related stays highest proportion 
of human immunodeficiency virus (HIV) diagnosis (2.7%; 95% CI: 
2.6–2.8%). The proportion of stays indicating other sexually transmitted 

Table 1 
Demographic characteristics of opioid-, methamphetamine-, and co-use related hospital stays—United States, 2016–2019.   

Proportion% (95% CI)    
Opioid alone n = 695,504 Methamphetamine Alone n = 234,252 Co-use n = 66,684 Opioid alone vs. Co-use Methamphetamine alone vs. Co-use 

Race      
White 72.6 (71.9–73.2) 66.3 (65.4–67.2) 79.3 (78.5–80.0) P<0.001 P<0.001 
Black 14.9 (14.4–15.4) 11.6 (11.2–12.0) 5.9 (5.6–6.2) 
Hispanic 8.4 (8.1–8.8) 15.0 (14.3–15.7) 9.7 (9.1–10.3) 
Other 4.1 (3.9–4.3) 7.1 (6.7–7.6) 5.1 (4.7–5.5) 

Age      
18–24 4.9 (4.8–5.0) 9.5 (9.3–9.6) 10.8 (10.5–11.1) P<0.001 P<0.001 
25–34 17.5 (17.2–17.7) 26.1 (25.8–26.4) 38.5 (38.0–39.0) 
35–44 15.3 (15.1–15.4) 24.5 (24.3–24.7) 25.1 (24.7–25.5) 
45–54 17.7 (17.5–17.9) 21.8 (21.6–22.0) 14.6 (14.3–14.9) 
55–64 21.0 (20.9–21.2) 14.7 (14.4–15.0) 9.0 (8.7–9.3) 
65+ 23.6 (23.3–24.0) 3.4 (3.3–3.5) 2.1 (1.9–2.2) 

Sex      
Female 51.9 (51.6–52.2) 37.3 (37.0–37.6) 42.9 (42.4–43.5) P<0.001 P<0.001 
Male 48.1 (47.8–48.4) 62.7 (62.4–63.0) 57.1 (56.5–57.6) 

Insurance      
Medicare 38.3 (37.8–38.7) 15.6 (15.3–15.8) 12.4 (12.1–12.8) P<0.001 P<0.001 
Medicaid 35.0 (34.4–35.5) 53.3 (52.5–54.2) 55.8 (54.8–56.8) 
Other 26.8 (26.4–27.2) 31.1 (30.3–31.9) 31.8 (30.8–32.8)  
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infection diagnoses was much lower than HIV and hepatitis among all 
groups. 

Co-morbid cardiovascular diagnoses were much more common 
among methamphetamine-related stays (21.6%; 95% CI: 21.2–22.1%) 
than opioid (15.5%; 95% CI: 15.3–15.7) or co-use-related stays (15.7%; 
95% CI: 14.6–15.5%) (Table 2). Heart failure was the most common 
cardiovascular condition and diagnosed in 18.2% (95% CI: 17.8–15.6%) 

methamphetamine-related stays. 
Over half of co-use-related stays indicated the use of at least one 

additional substance (51.5%; 95% CI: 50.9–52.2%) (Table 2). Among 
co-use related stays, cocaine, benzodiazepine, and other substance use 
was indicated in 14.3% (95% CI: 13.9–14.7%), 12.5% (95% CI: 
21.1–13.0%), and 8.9% (95% CI: 8.6–9.2%) of stays, respectively. 
Furthermore, poisoning by drugs (14.3%; 95% CI: 13.9–14.7) was most 

Table 2 
Proportion of opioid-, methamphetamine-, and co-use related hospital stays indicating each co-morbidity—United States, 2016–2019.   

Proportion% (95% CI)    
Opioid alone Methamphetamine Alone Co-use Opioid alone vs. Co-use Methamphetamine alone vs. Co-use 

Mental Health 52.3 (51.9–52.6) 58.1 (57.3–58.9) 60.7 (59.9–61.4) P<0.001 P<0.001 
Schizophrenia and psychosis disorders 4.5 (4.4–4.6) 20.8 (20.1–21.6) 11.9 (11.6–12.3) P<0.001 P<0.001 
Depression 26.8 (26.5–27.1) 21.7 (21.3–22.1) 28.1 (27.5–28.7) P<0.001 P<0.001 
Bipolar 11.1 (10.9–11.3) 14.7 (14.4–15.0) 15.5 (15.1–15.9) P<0.001 P<0.001 
Anxiety 28.9 (28.6–29.2) 21.8 (21.4–22.3) 29.2 (28.6–29.9) P = 0.279 P<0.001 
PTSD 7.0 (6.9–7.2) 7.9 (7.7–8.1) 9.7 (9.4–10.1) P<0.001 P<0.001 
Suicide 8.7 (8.5–8.9) 16.0 (15.4–16.6) 15.3 (14.7–15.8) P<0.001 P = 0.015 

Infectious Disease 30.1 (29.8–30.4) 25.2 (24.8–25.6) 41.5 (40.8–42.2) P<0.001 P<0.001 
Endocarditis 1.5 (1.5–1.6) 0.5 (0.5–0.6) 2.5 (2.3–2.6) P<0.001 P<0.001 
Osteomyelitis 2.5 (2.4–2.5) 1.5 (1.4–1.5) 2.6 (2.4–2.8) P = 0.059 P<0.001 
Infective Arthritis 0.4 (0.4–0.4) 0.2 (0.2–0.3) 0.6 (0.5–0.6) P<0.001 P<0.001 
Skin Infection 9.6 (9.5–9.8) 8.8 (8.6–9.0) 14.8 (14.4–15.2) P<0.001 P<0.001 
Septicemia 10.0 (9.8–10.2) 9.2 (8.9–9.4) 14.1 (13.7–14.6) P<0.001 P<0.001 
HIV 2.0 (1.8–2.1) 2.3 (2.2–2.5) 1.5 (1.4–1.6) P<0.001 P<0.001 
Hepatitis 14.4 (14.1–14.7) 9.6 (9.4–9.8) 23.1 (22.6–23.7) P<0.001 P<0.001 
STI 0.6 (0.6–0.6) 1.1 (1.0–1.1) 0.9 (0.8–1.0) P<0.001 P<0.001 

Cardiovascular 15.5 (15.3–15.7) 21.6 (21.2–22.1) 15.1 (14.6–15.5) P = 0.056 P<0.001 
Thrombophlebitis 2.8 (2.7–2.8) 1.4 (1.3–1.4) 2.4 (2.3–2.5) P<0.001 P<0.001 
Pulmonary Heart Disease 2.6 (2.5–2.7) 3.5 (3.3–3.6) 2.0 (1.9–2.2) P<0.001 P<0.001 
Myocardial Infarction 2.0 (1.9–2.0) 3.2 (3.1–3.4) 2.3 (2.1–2.4) P<0.001 P<0.001 
Heart Failure 10.4 (10.2–10.6) 18.2 (17.8–18.6) 10.3 (9.9–10.7) P = 0.552 P<0.001 
Ischemic Stroke 0.9 (0.8–0.9) 2.0 (1.9–2.0) 1.1 (1.0–1.2) P<0.001 P<0.001       

Pulmonary Disease 33.1 (32.8–33.4) 28.7 (28.3–29.0) 31.0 (30.5–31.5) P<0.001 P<0.001 
COPD 17.1 (16.9–17.3) 16.4 (16.0–16.7) 16.2 (15.7–16.6) P<0.001 P = 0.352 
Asthma 10.4 (10.2–10.5) 7.7 (7.5–7.9) 8.1 (7.9–8.3) P<0.001 P = 0.002 
Respiratory Arrest 15.0 (14.7–15.2) 11.8 (11.5–12.1) 15.1 (14.7–15.6) P = 0.526 P<0.001 

Chronic Pain 27.4 (27.0–27.9) 8.8 (8.6–9.0) 18.1 (17.6–18.5) P<0.001 P<0.001 
Additional Substance Use 36.3 (35.7–36.8) 44.5 (44.1–44.9) 51.6 (50.9–52.2) P<0.001 P<0.001 

Cocaine 12.8 (12.4–13.2) 8.2 (8.0–8.5) 14.3 (13.9–14.7) P<0.001 P<0.001 
Benzodiazepine 8.8 (8.5–9.1) 3.3 (3.2–3.4) 12.6 (12.1–13.0) P<0.001 P<0.001 
Cannabis 10.2 (10.0–10.5) 23.2 (22.8–23.5) 22.4 (22.0–22.8) P<0.001 P<0.001 
Alcohol 14.9 (14.5–15.2) 18.2 (18.0–18.5) 17.6 (17.2–18.0) P<0.001 P = 0.001 
Other 5.5 (5.2–5.7) 6.4 (6.2–6.6) 8.9 (8.6–9.2) P<0.001 P<0.001 

Injury 17.3 (17.1–17.6) 16.6 (16.3–17.0) 22.0 (21.5–22.6) P<0.001 P<0.001 
Poisoning by Drug 11.2 (11.1–11.4) 8.2 (8.0–8.4) 14.3 (13.9–14.7) P<0.001 P<0.001 
Other 6.8 (6.6–6.9) 9.2 (8.9–9.5) 8.8 (8.4–9.1) P<0.001 P = 0.010 

Proportion adjusted for age and sex. 

Table 3 
Hospital characteristics of opioid-, methamphetamine-, and co-use-related stays—United States 2016–2019.   

Adjusted Proportion% (95% CI)    
Opioid alone Methamphetamine Alone Co-use Opioid alone vs. Co-use Methamphetamine alone vs. Co-use 

Region      
Northeast 26.1 (25.3–27.0) 3.4 (3.2–3.6) 6.8 (6.2–7.4) P<0.001 P<0.001 
Midwest 21.2 (20.5–22.0) 17.3 (16.3–18.3) 16.8 (15.8–17.8) P<0.001 P = 0.316 
South 34.1 (33.2–34.9) 28.7 (27.6–29.8) 31.9 (30.5–33.3) P = 0.001 P<0.001 
West 18.5 (17.9–19.1) 50.6 (49.3–51.9) 44.4 (43.0–45.9) P<0.001 P<0.001 

Location/Teaching      
Rural 7.1 (6.7–7.4) 10.2 (9.6–10.8) 9.4 (8.6–10.1) P<0.001 P = 0.019 
Urban-non Teaching 21.2 (20.6–21.9) 25.0 (23.8–26.2) 23.4 (22.2–24.5) P<0.001 P = 0.005 
Urban-Teaching 71.7 (71.0–72.5) 64.8 (63.5–66.0) 67.2 (65.9–68.6) P<0.001 P<0.001 

Bed Size      
Small 21.4 (20.6–22.2) 17.9 (17.0–18.9) 20.0 (18.7–21.3) P = 0.031 P<0.001 
Medium 29.0 (28.2–29.7) 25.5 (24.3–26.6) 24.5 (23.3–25.7) P<0.001 P = 0.069 
Large 49.6 (48.7–50.6) 56.6 (55.2–58.0) 55.5 (54.0–57.0) P<0.001 P = 0.108 

Ownership      
Public 12.5 (11.9–13.2) 16.7 (15.7–17.8) 16.4 (15.2–17.6) P<0.001 P = 0.571 
Non-Profit 75.2 (74.5–76.0) 64.7 (63.3–66.0) 68.3 (66.9–69.7) P<0.001 P<0.001 
For-Profit 12.2 (11.8–12.7) 18.6 (17.5–19.7) 15.3 (14.3–16.2) P<0.001 P<0.001 

Adjusts for patient race, age, sex, insurance, and Elixhauser comorbidity index. 
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common among co-use related stays. Other injuries were similarly 
common among methamphetamine-related (9.2%; 95% CI: 8.9–9.5%) 
and co-use related stays (8.8%; 95% CI: 8.4–9.1%). 

3.4. Hospital characteristics 

Methamphetamine- and co-use-related stays were more common in 
the West and less common in the Northeast than stays indicating opioid 
use alone. Methamphetamine (64.8%; 95% CI: 63.5–66.0%) and co-use- 
related stays (67.2%; 95% CI: 65.9–68.6%) were less commonly in urban 
teaching hospitals than opioid-related stays (71.7%; 95% CI: 
71.0–72.5%) (Table 3). Additionally, a higher proportion of 
methamphetamine-related stays were at for-profit hospitals (18.6%; 
95% CI: 17.5–19.7%) than opioid (12.2%; 95% CI: 11.8–12.7%) or co- 
use-related stays (15.3%; 95% CI: 14.3–16.2%). 

3.5. Hospital outcomes 

The proportion of stays ending with patient directed discharge were 
high among all groups (Co-use: 10.7%; 95% CI: 10.4–11.0%, opioid use: 
8.1%; 95% CI: 7.9–8.3%, and methamphetamine use: 6.5%; 95% CI: 
6.3–6.6%) (Table 4). Co-use related stays lasted longer (6.3 days; 95% 
CI: 6.2–6.4 days) than opioid (5.8 days; 95% CI: 5.8–5.9 days) or 
methamphetamine-related stays (5.5 days; 95% CI: 5.4–5.5 days). 

4. Discussion 

Between 2016 and 2019 we identified large increases in metham
phetamine- and co-use-related US hospital stays. We found a high pro
portion of co-use related stays also had complex medical co-morbidities, 
patient directed discharge, and increased length of stay. The differences 
in demographic characteristics and medical needs across substance use 
groups can be leveraged to target and tailor interventional approaches to 
better support hospitalized patients with co-use. 

A variety of hospital-based addiction care models have been devel
oped to support hospitalized patients with substance use disorders 
(Englander et al., 2022). In many cases these services were developed to 
treat OUD and focus on initiating treatment with MOUD (Liebschutz 
et al., 2014; Weimer et al., 2019). However, these existing services may 
not effectively support patients with co-use. Previous research found 
methamphetamine co-use is associated with lower rates of MOUD 
initiation (Englander et al., 2020) and linkage to continuing outpatient 
treatment (Tsui et al., n.d.), than OUD alone. Our study highlights the 
unique needs of hospitalized patients with co-use, such as high pro
portions of certain mental health and infectious co-morbidities, that can 
inform a tailored and targeted approach. Hospitals may need to provide 
additional supports the address the comorbidities and referral process to 
outpatient treatment to improve patient outcomes for this unique pop
ulation. For example, one safety-net hospital implemented an early 
identification, medication, and behavioral management protocol for 
methamphetamine use which was associated with increased outpatient 
addiction treatment attendance (Simpson et al., 2023). Additionally, the 
high proportion of methamphetamine- and co-use-involved stays which 
were paid for by Medicaid highlights the importance of Substance Use 
and Mental Health Block Grants and 1115 Waivers for developing and 
testing treatment approaches. Given the increasing prevalence of 

stimulant use we observe, it is important that these programs not be 
restricted to opioids alone. 

Mental health conditions were the most common co-morbidity, 
suggesting that mental health professionals should play an important 
role supporting hospitalized patients with substance use. Hospitaliza
tions indicating methamphetamine or co-use had a high proportion of 
schizophrenia and psychosis. It is important that care teams are able to 
differentiate between, and appropriately treat, methamphetamine- 
induced psychosis and other psychiatric conditions (Priest et al., 2023; 
Simpson et al., 2023). Additionally, we found a high proportion of 
methamphetamine- and co-use related stays also indicated PTSD or. 
Given the continued increase in methamphetamine-related stays, 
healthcare systems can adopt a trauma informed approach to better treat 
patients with substance use disorders and a history of trauma (Substance 
Abuse and Mental Health Services Administration, 2014). The associa
tions between opioid, methamphetamine, and polysubstance use with 
suicide in outpatient treatment and community populations is well 
documented (Han et al., 2021a; Wilcox et al., 2004; Yuodelis-Flores and 
Ries, 2015). In this paper we found that this association extends to 
hospitalized stays indicating opioid and methamphetamine co-use 
which had the highest proportion of suicide-related diagnosis. Unfor
tunately, there are limited effective interventions to prevent suicide 
among people with opioid and/or methamphetamine use disorders 
highlighting a need for continued research and development of suicide 
prevention interventions for people with SUD (Padmanathan et al., 
2020). In the meantime, recent interventions developed for outpatient 
SUD treatment facilities could be adapted for administration during 
hospital admissions (Ries et al., 2022). 

All substance use groups had a high proportion of co-morbid infec
tious diseases, emphasizing the importance of multidisciplinary care 
teams and hospital-based interventions to identify and treat infection. 
Harm reduction education and resources, such as sterile injection 
equipment, should be provide as part of hospital-based care of patients 
with opioid and/or methamphetamine use who are at high risk (Chan 
et al., 2022; Priest et al., 2023). These resources may be particularly 
important and reduce the incidence of infectious disease, such as hep
atitis, among hospitalized patients with co-use. Adopting hospital-based 
multidisciplinary care teams may also benefit patients with co-use who 
have higher rates endocarditis, osteomyelitis, and septicemia than pa
tients with opioid or methamphetamine use alone (O’Donnell et al., 
2022; Weimer et al., 2022). The proportion of admissions indicating a 
STI diagnosis was much lower than self-reported rates of STI among 
individuals with opioid and/or methamphetamine use (Shearer et al., 
2020). This finding may suggest there is an opportunity to increase 
testing, diagnosis, and treatment of STIs during hospital admissions. 

We found that co-use-related stays were on average longer than 
hospital stays involving only opioids or methamphetamine. Multidisci
plinary teams may reduce the length of stays while addressing patients’ 
other medical needs. Both a multidisciplinary psychiatric consult service 
(Sledge et al., 2015) and a substance use intervention team (Thompson 
et al., 2020) reduced the average length of stay. The association between 
substance use and increased risk for patient directed discharge is well 
documented in the literature (Ti and Ti, 2015). In this paper we build on 
previous findings by showing that this risk is substantially higher for 
co-use-related stays compared to stays involving only opioid or meth
amphetamine use. In addition to interrupting treatment, patient 

Table 4 
Outcomes associated with opioid-, methamphetamine-, and co-use-related stays—United States, 2016–2019.   

Adjusted proportion (95% CI)    
Opioid alone Methamphetamine Alone Co-use Opioid alone vs. Co-Use Methamphetamine alone vs. Co-use 

Died while hospitalized 1.6 (1.6–1.7) 1.3 (1.2–1.3) 1.6 (1.5–1.8) P = 0.987 P<0.001 
Patient directed discharge 8.1 (7.9–8.3) 6.5 (6.3–6.6) 10.7 (10.4–11.0) P<0.001 P<0.001 
Length of Stay (Days) 5.8 (5.8–5.9) 5.5 (5.4–5.5) 6.3 (6.2–6.4) P<0.001 P<0.001 

Adjusts for patient race, age, sex, insurance, Elixhauser comorbidity index, hospital region, location/teaching, size, and control. 
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directed discharges are associated with higher readmission and mor
tality rates (Alagappan et al., 2023; Tan et al., 2020). Although findings 
are mixed, both the initiation of MOUD during a hospital stay (Kays 
et al., 2022) and an addiction medicine consultation services (Marks 
et al., 2019) have reduced rates of patient directed discharge in some 
hospitals. These interventions may support patients hospitalized with 
co-use. 

Identifying hospital characteristics associated with SUD-admissions 
may help inform a targeted approach to expanding SUD treatment ser
vices. A study of OUD-related emergency department visits found that 
stratifying hospitals by OUD visit rate categorized more rural hospitals 
in the top quartile of OUD related use, than stratifying hospitals by OUD 
visit volume (Khatri et al., 2022). We expand on this finding by showing 
that an even higher percentage of methamphetamine and co-use 
involved admissions were to rural hospitals while a lower percent 
were to urban teaching hospitals, compared to opioid use alone. While 
hospital-based addiction medicine services may be developed and tested 
in large academic medical centers it will be important that they are 
designed to be adopted in rural and non-academic settings to support 
patients affected by next waves of the overdose crisis. 

There are limitations which may affect the interpretation of findings 
from this study. The NIS does not include admissions to substance use 
treatment facilities, psychiatric, short-term rehabilitation, and long- 
term acute care hospitals and so our results may not be reflective of 
all individuals who seek substance use treatment. However, the NIS is 
representative of 97% of stays in community hospitals nationwide so is 
an ideal source for characterizing patients admitted to hospitals who 
may benefit from substance use treatment in addition to other medical 
care (Gacutan, 2019). The identification of substance use group and 
medical co-morbidities was determined using ICD-10-CM diagnosis 
codes for each admission. The specificity and sensitivity of these codes 
likely varies across conditions and previous research has shown diag
nosis codes may misclassify some substance-involved stays (Howell 
et al., 2021; Lagisetty et al., 2021). For example, some admissions 
involving opioid use maybe for patients taking prescribed chronic opioid 
analgesics especially among patients 55 and older (Howell et al., 2021). 
Furthermore, the ICD-10-CM diagnosis codes are not specific to meth
amphetamine use and so this group could include admissions for other 
substances such as amphetamines. However, an analysis from one health 
system found a high positive predictive value for using these ICD-10-CM 
diagnosis codes to identify methamphetamine use specifically (Shearer 
et al., 2021). 

5. Conclusions 

Using a nationally representative sample, we describe the similarities 
and differences of acute care hospital stays involving opioid, metham
phetamine, or co-use. Between 2016 and 2019, co-use-related stays 
steadily increased and were associated with a higher proportion of pa
tient directed discharge. Co-use was also associated with high pro
portions of both psychiatric and infectious comorbidities compared to 
opioid or methamphetamine use alone, highlighting the importance of 
multidisciplinary care teams and widespread knowledge of appropriate 
addiction treatment. As hospitals continue to develop services in 
response to the overdose crisis it is important that they consider the 
unique needs of people who use both opioids and methamphetamine to 
better support this growing patient population. 
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