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Abstract

Objective: To classify and compare US nationwide opioid-related hospital inpatient discharges 

over time by discharge type: 1) opioid use disorder (OUD) diagnosis without opioid overdose, 

detoxification, or rehabilitation services, 2) opioid overdose, 3) OUD diagnosis or opioid overdose 

with detoxification services, and 4) OUD diagnosis or opioid overdose with rehabilitation services.

Methods: Survey-weighted national analysis of hospital discharges in the Healthcare Cost and 

Utilization Project National Inpatient Sample yielded age-adjusted annual rates per 100,000 

population. Annual percentage change (APC) in the rate of opioid-related discharges by type 

during 1993–2016 was assessed.

Results: The annual rate of hospital discharges documenting OUD without opioid overdose, 

detoxification, or rehabilitation services quadrupled during 1993–2016, and at an increased rate 

(8% annually) during 2003–2016. The discharge rate for all types of opioid overdose increased an 

average 5–9% annually during 1993–2010; discharges for non-heroin overdoses declined 2010–

2016 (3–12% annually) while heroin overdose discharges increased sharply (23% annually). The 

rate of discharges including detoxification services among OUD and overdose patients declined 

(−4% annually) during 2008–2016 and rehabilitation services (e.g., counselling, pharmacotherapy) 

among those discharges decreased (−2% annually) during 1993–2016.

Conclusions: Over the past two decades, the rate of both OUD diagnoses and opioid overdoses 

increased substantially in US hospitals while rates of inpatient detoxification and rehabilitation 

services identified by diagnosis codes declined. It is critical that inpatients diagnosed with OUD or 

treated for opioid overdose are linked effectively to substance use disorder treatment at discharge.
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1. Introduction

Previous national reports on US inpatient opioid-related care have not differentiated 

overdose discharges from those during which a patient was diagnosed with opioid use 

disorder (OUD) without overdose, nor indicated whether detoxification (therapeutically 

supervised withdrawal over multiple days) or rehabilitation (clinical treatment and recovery 

support) services were provided (Hsu, McCarthy, Stevens, & Mukamal, 2017; Tedesco et al., 

2017; Weiss, Elixhauser, Barrett, Steiner, & Bailey, 2016). Differentiating opioid-related 

hospital-based inpatient care in this way can provide a more complete picture of the impact 

of the opioid epidemic on US hospitals and illuminate hospitals’ role in direct provision of 

OUD treatment-related services.

Opioid overdose discharges are a measure of the epidemic’s direct impact on hospitals, 

while data on hospital-based inpatients diagnosed with OUD in the absence of overdose—

that is, inpatients whose presenting symptom is not opioid overdose—can illustrate how 

hospitals services are more widely affected (Peterson, Xu, Mikosz, Florence, & Mack, 

2018). Although regulatory, insurance reimbursement, and other issues mean that drug 

detoxification and rehabilitation are most commonly provided outside of hospitals, 

documenting the prevalence of such inpatient services is relevant as policymakers, 

clinicians, and public health officials identify ways to reduce epidemic levels of drug 

overdose deaths in the United States (D’Onofrio, McCormack, & Hawk, 2018; Hedegaard, 

Minino, & Warner, 2018; Sharma et al., 2017; Substance Abuse and Mental Health Services 

Administration, 2018; Suzuki et al., 2015). Inpatient substance use disorder detoxification 

and rehabilitation began to decline in the 1990s, and research has indicated that outpatient 

options have a higher benefit-cost ratio (Florida Alcohol and Drug Abuse Association; 

Mark, Dilonardo, Chalk, & Coffey, 2002). However, it has long been clear that hospitals 

treat a large number of patients in need of such services; inpatients have a high prevalence of 

current and lifetime substance use disorders (Brown, Leonard, Saunders, & Papasouliotis, 

1998). The gap between opioid treatment need and treatment received is immense—less than 

one in five people with OUD receive treatment services in any setting (Substance Abuse and 

Mental Health Services Administration, 2017)—and population opioid overdose mortality is 

presumably correlated with that gap.

In the context of an ongoing opioid overdose epidemic, it is relevant to understand more 

about the people at risk of opioid overdose mortality that are treated in US hospitals. This 

brief report aimed to classify US nationwide opioid-related hospital-based inpatient 

discharges over time by discharge type: 1) opioid use disorder (OUD) diagnosis without 

opioid overdose, detoxification, or rehabilitation services provided, 2) opioid overdose, 3) 

OUD diagnosis or opioid overdose with detoxification services, and 4) OUD diagnosis or 

opioid overdose with rehabilitation services.

2. Methods

2.1. Data

This study used publicly available 1993–2016 survey-weighted annual national estimates of 

US hospital discharges from the Healthcare Cost and Utilization Project National Inpatient 
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Sample (HCUP-NIS) and no human subjects. HCUP-NIS is a 20% stratified sample of 

community hospital discharges—excluding long-term acute care and rehabilitation (e.g., 

recovery following stroke or brain injury) hospitals—from participating states, which in 

2016 represented over 97% of the US population (Healthcare Cost and Utilization Project, 

2018). Standard HCUP-NIS survey weighting and Census population data made the 

discharges sample representative of all US discharges for age-adjusted estimates (Centers for 

Disease Control and Prevention, 2017).

Table 1 demonstrates International Classification of Diseases, Ninth Revision/Tenth 

Revision, Clinical Modification (ICD-9/10-CM) and other codes that defined each opioid-

related discharge category. Transition to ICD-10-CM occurred October 1, 2015. These codes 

are consistent with recent studies on OUD, overdoses, and drug detoxification and 

rehabilitation (counselling and pharmacotherapy) services (Heslin et al., 2017; Peterson et 

al., 2018; Tedesco et al., 2017; Zhu & Wu, 2018). This study followed physician coding 

guidance (Providers Clinical Support System, 2018) indicating the use of ICD-CM codes for 

both opioid dependence and opioid use disorder to identify problematic opioid use, and 

assumed that these codes would not appear on inpatient records for patients with acceptable 

opioid use. In Table 1, the OUD category (#1) comprised unique discharges, while 25% of 

discharges in the opioid overdose category (#2, All) included OUD diagnosis codes (i.e., 

overlap with category #1), and just 2% of opioid overdose discharges (#2, All) included 

inpatient drug detoxification or rehabilitation services (i.e., overlap with categories #3 or #4) 

(data not shown).

2.2. Analysis

Authors report the US age-adjusted annual rate per 100,000 population of opioid-related 

discharges by type during 1993–2016 and the average annual percentage change (APC) in 

the rate of discharges by type using Joinpoint regression analysis. HCUP-NIS discharge 

records with missing patient age were not included, nor were those indicating patient 

transfer to short-term hospitals (to avoid double-counting discharges). Authors used SAS 9.4 

(Cary, North Carolina) for survey dataset weighting and descriptive analysis, and Joinpoint 

Regression Program 4.5.0.1 (National Cancer Institute, Bethesda, MD) for analysis of 

population discharge rate APC by discharge type.

3. Results

The age-adjusted annual rate per 100,000 population for hospital discharges documenting 

OUD (excluding opioid overdose, detoxification, or rehabilitation services) was over four 

times higher in 2016 than in 1993 (154.5 versus 38.3) (Fig. 1). During 1993–2003, the 

discharge rate increased an average of 2.8% (95% CI: 0.5–5.1) per year, then increased in a 

statistically significant way—based on non-overlapping 95% CI—to an average 8.0% (7.4–

8.6) per year during 2003–2016 (Table 2).

The discharge rate for any type of opioid overdose was over three times higher in 2016 

compared to 1993 (23.0 versus 7.2 per 100,000 population) (Fig. 1). The average APC in the 

opioid overdose discharge rate increased from 5.3% per year during 1993–1998 to 8.6% 

during 1998–2010, and then began to decline at an average of 1.4% per year during 2010–
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2016 (Table 2). This decline, as previously reported using HCUP-NIS data through 2014 

(Tedesco et al., 2017), was due to fewer non-heroin opioid overdose discharges (Table 2), 

which comprised a large proportion of all opioid overdose discharges. In contrast, the APC 

in the discharge rate for heroin overdoses increased at an average 23.3% per year during 

2010–2016 (Table 2).

The rate of opioid-related discharges including detoxification or rehabilitation services was 

relatively low throughout the study period (Fig. 1). The rate of opioid-related discharges 

including detoxification services was lower in 2016 compared to 1993 (27.4 versus 31.6 per 

100,000 population, or − 13%) (Fig. 1), and there was a significant average APC decline 

(−3.9%) in the rate of those discharges during 2008–2016 (Table 2). The rate of opioid-

related discharges that included any rehabilitation services was 21% lower in 2016 

compared to 1993 (7.1 versus 9.0 per 100,000 population) (Fig. 1) and there was a steady 

average APC decline (−1.7%) in that discharge rate over the entire study period (Table 2).

4. Discussion

Over nearly the past quarter century, the rate of US community hospital inpatient discharges 

indicating patients’ OUD or opioid overdose increased while rates at which those hospitals 

provided detoxification or rehabilitation services to those populations appears to have 

declined. The relatively high prevalence of discharges documenting patients’ OUD without 

overdose over the past 24 years provides further evidence that the number of people affected 

by opioid use disorder is many times greater than the number of opioid-related deaths or 

medically-treated opioid overdoses suggests. For example, in 2016, there were 42,249 

opioid-related deaths (Seth, Scholl, Rudd, & Bacon, 2018). The same year, this study 

documented an estimated 78,345 hospital discharges for opioid overdose (including fatalities 

in the hospital) and 520,185 discharges documenting OUD without overdose (data not 

shown; population rate, but not number of discharges, is demonstrated in Fig. 1).

Previous research has indicated that patients with substance use disorders are often 

discharged without specific treatment plans—an analysis of among patients hospitalized 

with injection drug use-associated infective endocarditis reported just 8% of discharge 

summaries included a plan for medication-assisted treatment (MAT) (Rosenthal, Karchmer, 

Theisen-Toupal, Castillo, & Rowley, 2016). A low proportion (an estimated 17%) of 

discharged inpatients with OUD or opioid overdose subsequently engage in outpatient 

substance use disorder treatment (Naeger, Mutter, Ali, Mark, & Hughey, 2016). Failing to 

engage inpatients with OUD or opioid overdose in a treatment plan has serious 

consequences; even among patients who go through inpatient opioid detoxification, one 

study reported 27% relapsed on the day of discharge (Bailey, Herman, & Stein, 2013). 

Discussion continues about the optimal approach to OUD pharmacotherapy (Stotts, Dodrill, 

& Kosten, 2009) and barriers to treatment initiation are complex (Timko, Schultz, Britt, & 

Cucciare, 2016). Many inpatients with substance use disorders face multiple comorbid 

conditions and risk factors for ill-health such as homelessness (Raven et al., 2010). Despite 

such challenges, research has also shown that discharged patients have better outcomes 

when their substance use disorder is addressed during inpatient care (Suzuki et al., 2015; 

Trowbridge et al., 2017; Wakeman, Metlay, Chang, Herman, & Rigotti, 2017).
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Inpatients with substance use disorder are frequently readmitted within the first few months 

following discharge (Nordeck et al., 2018; Walley et al., 2012), presumably at substantial 

cost. Fee-for-service reimbursement means that hospital readmissions and other health care 

costs attributable to patients’ substance use disorder are paid by health care payers (e.g., 

insurance companies, employers, and public payers like Medicare), and not hospitals; 

therefore, fee-for-service does not provide an explicit financial incentive for hospitals to 

invest in programs and services that transition patients to treatment. Health care payment 

reforms, such as episode-based payment—or, bundled payments for multiple related health 

care services provided to treat a clinical condition within a specified time period—aim to 

incentivize providers’ participation in patients’ health outcomes beyond a single clinical 

contact (US Centers for Medicaid & Medicare Services, 2016).

4.1. Limitation

This study classified opioid-related health care contacts in one clinical setting—hospital 

inpatient. It was not possible to observe how many patients were, at the time of admission, 

engaged in outpatient treatment services. Given that less than one in five people with OUD 

report receiving treatment services in any setting, this circumstance may have affected a low 

number of patients (Substance Abuse and Mental Health Services Administration, 2017). 

This analysis could not observe how many discharges occurred for the same patients; 

prevalence estimates presented here refer to number of discharges, not people. The 24 years 

of HCUP-NIS data analyzed for this study included an increasing number of states 

contributing data over time; therefore, it is possible that trends among states drove some of 

the observed variation in the national rate data presented.

This study examined the prevalence of ICD-CM codes that identify detoxification and 

rehabilitation services, but notably—based on data available in HCUP-NIS—this study was 

not able to directly examine receipt of MAT by observing patients’ inpatient medications nor 

referrals to services following discharge. Each of those measures would provide meaningful 

data to more thoroughly examine the contribution of inpatient care to OUD detoxification 

and rehabilitation efforts, and reduce reliance on ICD-CM codes to identify the services this 

study sought to analyze. This study assumed that administrative codes (e.g., ICD-CM) in the 

analyzed discharge records accurately described inpatient opioid-related services as the 

study intended, although authors are not aware of validation studies. Moreover, it is possible 

that ICD-CM coding among the examined discharge records prioritized reimbursement 

considerations in a way that could have obscured the true prevalence of the services this 

study intended to capture. Procedure and DRG codes in hospital discharge records that 

identify drug detoxification and rehabilitation services are not opioid-specific. HCUP-NIS 

does not include data from long-term acute care and rehabilitation programs nor indicate 

whether patients were discharged to substance use rehabilitation programs.

Owing to available ICD-9-CM diagnosis codes, this did not distinguish among opioid-

related discharges further by opioid type, which has been important for understanding the 

nature of the opioid overdose mortality—in particular, due to fentanyl (Scholl, Seth, Kariisa, 

Wilson, & Baldwin, 2018). Substance use disorder in general is underdiagnosed (Morasco & 

Dobscha, 2008); therefore, this study’s estimates of OUD discharges are likely lower than 
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the actual rate of hospital discharges that include OUD. It was not possible to assess what 

proportion of OUD diagnoses represent true increased incidence as opposed to increased 

clinician awareness and documentation of OUD as publicity has grown about the opioid 

epidemic. This study did not assess non-opioid substance use; opioids might be one of 

multiple substances misused by patients whose discharges this study has categorized only in 

terms of opioids. The US opioid epidemic is dynamic and evolving. Important issues have 

been documented in previous research studies that focused on recent year-to-year changes 

(Scholl et al., 2018; Seth et al., 2018). This study, on the other hand, prioritized a longer-

term historic perspective to describe broad trends in opioid-related hospital discharge 

categories.

ICD-10-CM classification was implemented in October 2015 and affected only the last one 

year and three months of the study’s 24-year analysis period. Recent research from some US 

states comparing 2015 and 2016 data has reported that transition to ICD-10-CM coding was 

associated with a substantially increased number of opioid-related discharges (Heslin et al., 

2017). One relevant finding from that research with respect to this study’s results is that 

diagnoses for OUD decreased and diagnoses for opioid-related adverse events increased 

after the ICD-10-CM transition. Future analysis of opioid-related discharges after October 

2015 can provide more information.

5. Conclusions

It is critical to continue to monitor health service data sources for insight into opioid and all 

substance use disorder trends and build the capacity for health care systems to implement 

evidence-based substance use disorder treatments that provide affected individuals, families, 

and communities relief from the devastating effects of substance use disorder morbidity and 

mortality. Analysis of longitudinal data including all clinical settings is important to identify 

substance use disorder treatment services with the greatest probability of patient success and 

value for health care investments.
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ICD-9/10-CM International Classification of Diseases, Ninth/Tenth 

Revision, Clinical Modification

MAT medication-assisted treatment

OUD opioid use disorder
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Fig. 1. Annual US age-adjusted opioid-related hospital inpatient discharge rates by type.
Data not reported if relative standard error was > 30% or standard error = 0.

Data source: Healthcare Cost and Utilization Project National Inpatient Sample.
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Table 2

Average annual percentage change in the discharge rate (per 100,000 population) for US age-adjusted opioid-

related hospital inpatient discharges by type.

Discharge type Period
a Annual percentage change, average for period (95% CI)

Opioid use disorder without overdose, detoxification, or 
rehabilitation services

1993–2003
2003–2016

2.8 (0.5 to 5.1)
8.0 (7.4 to 8.6)

Opioid overdose All 1993–1998
1998–2010
2010–2016

5.3 (2.1 to 8.6)
8.6 (7.8 to 9.4)

−1.4 (−2.6 to −0.2)

Heroin 1993–2010
2010–2016

1.0 (−0.1 to 2.1)
23.3 (20.0 to 26.7)

Non-heroin 1993–1999
1999–2002
2002–2010
2010–2014
2014–2016

5.2 (3.1 to 7.3)
15.6 (5.0 to 27.3)
8.4 (7.1 to 9.7)

−3.0 (−6.4 to 0.4)
−12.1 (−17.2 to −6.7)

OUD or overdose with detoxification services 1993–2008
2008–2016

0.3 (−1.1 to 1.8)
−3.9 (−6.2 to −1.6)

OUD or overdose with rehabilitation services 1993–2016 −1.7 (−2.5 to −0.9)

Notes. OUD = opioid use disorder.

See Table 1 for discharge definitions by administrative code (e.g., ICD-9/10-CM).

Data source: Healthcare Cost and Utilization Project National Inpatient Sample.

a
Year clusters for each discharge type were empirically derived through Joinpoint regression analysis.
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