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BACKGROUND:  Medical hospitalizations for peo-
ple with opioid use disorder (OUD) frequently result 
in patient-directed discharges (PDD), often due to 
untreated pain and withdrawal.
OBJECTIVE:  To investigate the association between 
early opioid withdrawal management strategies and 
PDD.
DESIGN:  Retrospective cohort study using three data-
sets representing 362 US hospitals.
PARTICIPANTS:  Adult patients hospitalized between 
2009 and 2015 with OUD (as identified using ICD-9-CM 
codes or inpatient buprenorphine administration) and 
no PDD on the day of admission.
INTERVENTIONS:  Opioid withdrawal management 
strategies were classified based on day-of-admission 
receipt of any of the following treatments: (1) medi-
cations for OUD (MOUD) including methadone or 
buprenorphine, (2) other opioid analgesics, (3) adjunc-
tive symptomatic medications without opioids (e.g., clo-
nidine), and (4) no withdrawal treatment.
MAIN MEASURES:  PDD was assessed as the main 
outcome and hospital length of stay as a secondary 
outcome.
KEY RESULTS:  Of 6,715,286 hospitalizations, 127,158 
(1.9%) patients had OUD and no PDD on the day of 
admission, of whom 7166 (5.6%) had a later PDD and 
91,051 (71.6%) patients received some early opioid 
withdrawal treatment (22.3% MOUD; 43.4% opioid 
analgesics; 5.9% adjunctive medications). Compared to 
no withdrawal treatment, MOUD was associated with 
a lower risk of PDD (adjusted odds ratio [aOR] = 0.73, 
95%CI 0.68–0.8, p < .001), adjunctive treatment alone 
was associated with higher risk (aOR = 1.13, 95%CI: 
1.01–1.26, p = .031), and treatment with opioid analge-
sics alone was associated with similar risk (aOR 0.95, 
95%CI: 0.89–1.02, p = .148). Among those with PDD, 
both MOUD (adjusted incidence rate ratio [aIRR] = 1.24, 
95%CI: 1.17–1.3, p < .001) and opioid analgesic treat-
ments (aIRR = 1.39, 95%CI: 1.34–1.45, p < .001) were 
associated with longer hospital stays.

CONCLUSIONS:  MOUD was associated with decreased 
risk of PDD but was utilized in < 1 in 4 patients. Efforts 
are needed to ensure all patients with OUD have access 
to effective opioid withdrawal management to improve 
the likelihood they receive recommended hospital care.
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INTRODUCTION
US hospitalizations for individuals with opioid use disor-
der (OUD) increased from 164 to 296 per 100,000 people 
between 2006 and 2016 and were associated with signifi-
cant morbidity and mortality.1–3 People with OUD are com-
monly hospitalized for injection drug-related infections 
such as endocarditis, overdose, or physical trauma, as well 
as pneumonia and exacerbations of other chronic medical 
conditions. Hospitalized patients with OUD frequently leave 
the hospital prior to completion of medical treatment, des-
ignated against medical advice discharge or patient-directed 
discharge (PDD). PDDs accounted for more than 5% of all 
discharges for people with OUD and nearly 1 in 5 discharges 
for individuals with injection drug-associated endocarditis 
in 2015.4,5 These discharges are associated with increased 
risk of rehospitalization, higher costs, and worse outcomes 
compared to planned discharges.6–10

Qualitative studies have shown that PDDs in patients with 
OUD are driven in part by opioid withdrawal, pain, cravings, 
and stigma.11,12 Early discharges when opioid withdrawal 
symptoms are most severe are common but PDDs can occur 
throughout a hospitalization.4 Patients with OUD frequently 
remain in the hospital longer than those without OUD for 
the same conditions due to the care team’s perception that 
a patient will not adhere to treatments out of the hospital or 
due to the risk of substance use without monitoring (e.g., 
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intravenous antibiotics).13,14 Additionally, discrimination in 
post-acute care access for people with OUD limits discharge 
options and may lengthen hospitalizations.15 Prolonged hos-
pitalizations are challenging for all patients, but especially 
for those with OUD, whose experiences in the hospital may 
be particularly difficult due to histories of trauma, loss of 
autonomy (e.g., movement restrictions, smoking, and sub-
stance use prohibitions), and strained communication with 
hospital staff.11,16,17

Given the growing number of hospitalized people with 
OUD and the importance of enacting safe discharge plans, 
it is critical to determine which interventions can reduce 
PDD. Though inadequately treated withdrawal symptoms 
are common precipitants of PDD, in our clinical experience, 
treatment strategies are heterogeneous across hospitals and 
clinicians. Several evidence-based FDA-approved medica-
tions for opioid use disorder (MOUD), namely methadone 
and buprenorphine, are associated with enhanced treatment 
retention, sustained abstinence, and reduced overdose and 
rehospitalization and are recommended by consensus guide-
lines.18–21 Though management of withdrawal with MOUD 
has expanded, they remain underused.22–25 Other opioid 
medications, not specifically approved for the treatment of 
OUD in the USA, can also effectively control withdrawal 
symptoms. In Canada, for example, opioid agonists such as 
extended-release morphine or injectable hydromorphone 
are approved and recommended treatments for OUD.26–28 
In the USA, some experts have called for broader and more 
aggressive use of full opioid agonists for the management 
of withdrawal in the hospital, especially in the context of 
daily fentanyl use which may result in more severe with-
drawal symptoms and difficulty initiating buprenorphine 
due to precipitated withdrawal.29,30 At the same time, others 
focused on the safety of inpatient opioid dispensing have 
expressed concerns that in-hospital opioid treatment could 
accelerate or lead to the development of OUD.31 As a result, 
some patients with OUD only receive treatment with adjunc-
tive non-opioid medications such as clonidine or dicyclo-
mine which target specific symptoms associated with opioid 
withdrawal.24

Much of the existing data on OUD and PDD is limited 
to administrative data sets without clinical granularity to 
assess withdrawal management strategies.4,7,9,13,32,33 There 
are several single-site studies which suggest methadone and 
buprenorphine may be associated with decreased PDD but 
are limited by sample size and may not be generalizable to 
all hospital settings.34–38 We therefore used three blended 
datasets with both clinical and administrative data to exam-
ine the association between early opioid withdrawal strate-
gies and PDD as well hospital variation in the use of these 
strategies in a national sample of US hospitals. We hypothe-
sized substantial variation in withdrawal approaches and that 
those who receive methadone and buprenorphine will be less 
likely to experience PDD than those receiving alternative 

treatments. Additionally, we hypothesized that among those 
who experienced PDDs, those who received methadone or 
buprenorphine would remain in the hospital longer.

METHODS

Design, Data Sources, and Population
This was a retrospective cohort study of patients aged 20 
or older with OUD admitted to 373 geographically diverse, 
US academic and community hospitals from January 2009 
to September 2015 (the end of International Classifica-
tion of Diseases 9th Revision, Clinical Modification (ICD-
9-CM)). Data were drawn from three non-overlapping data-
sets: Cerner HealthFacts, HCA Healthcare, and Institute 
of Health Metrics. This combined data source, which has 
been described in detail previously, collectively represents 
a representative mix of US hospitals by size, teaching status, 
and geographical regions (eMethods 1 in Supplement).25,39 
This study was approved by the Harvard Pilgrim Health Care 
Institute institutional review board.

Identifying Hospitalized Patients with OUD
We identified hospitalized patients with OUD using ICD-
9-CM codes for opioid abuse or dependence, opioid adverse 
effects, or drug poisonings as primary or secondary diag-
noses as per the Injury Surveillance Workgroup consensus 
document (eTable 1 in Supplement).40 We used the broadest 
administrative definition for OUD, drug poisonings associated 
with opium, heroin, and opioid analgesics or opioid adverse 
effect, or abuse/dependence to identify acute adverse events 
from opioid use or the presence of underlying OUD, con-
sistent with previous research.25 We included principal and 
secondary diagnosis codes to maximize sensitivity.41 Addi-
tionally, to improve case identification, individuals who were 
administered buprenorphine as inpatients were also included 
in the cohort. Methadone receipt was not part of the inclu-
sion criteria because it was more commonly used to manage 
chronic pain than buprenorphine during the study period and 
we are unable to differentiate between the treatment of OUD 
and chronic pain in our data. We excluded hospitalizations 
resulting in PDD on the first day of the hospitalization from 
the final study cohort to ensure time to observe exposure clas-
sification and protect against immortalized time bias.

Measures
Definition of Opioid Withdrawal Management Strategies.  Our 
primary exposure was the type of opioid withdrawal 
management received during the first two hospital days. We 
created four-level mutually exclusive categories: first, we 
classified anyone who received methadone or buprenorphine 
as having received medication for opioid use disorder 
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(MOUD). Second, we classified anyone who received 
any other opioid agonist medications but did not receive 
methadone or buprenorphine as having received other opioid 
treatment (eTable  2 in Supplement). Third, we defined 
anyone who received clonidine, dicyclomine, or loperamide, 
medications commonly used to treat symptoms of withdrawal, 
but who did not receive methadone, buprenorphine, or 
any other opioid agonists as having received adjunctive 
medications. All other patients were categorized as having 
received no specific opioid withdrawal treatment.

Outcomes.  Our primary outcome was disposition status of 
“against medical advice discharge,” which we defined as 
PDD to avoid stigmatizing language. Our secondary outcome 
was hospital length of stay (LOS).

Covariates.  We included the following patient characteristics 
as covariates: age, sex, race/ethnicity, Elixhauser comorbidity 
score,42 major mental illness, stimulant use, or alcohol use 
based on ICD-9 codes (eTable 3 in Supplement), intensive 
care unit (ICU) admission, and mechanical ventilation. For 
descriptive purposes, we included ICU LOS and, among 
those with infections, we included infection type (using ICD-
9-CM codes) and percent with positive blood culture as well.

Statistical Analyses
We described the sample using mean and standard deviation 
or median and interquartile range (IQR) for continuous vari-
ables and frequencies and proportions for categorical vari-
ables. Additionally, we examined variations in the propor-
tion of individuals with OUD who received each withdrawal 
management approach in each hospital. We used a general-
ized linear mixed model to fit a logistic regression model to 
examine the association between opioid withdrawal treat-
ment approach and PDD adjusting for the covariates noted 
above and having individual hospitals as a random intercept 
to adjust for between-hospital variation. For the cohort of 
individuals who had PDDs, we used another mixed model 
to fit a negative binomial model for the association between 
opioid withdrawal treatment strategy and hospital LOS, 
adjusting for the same covariates and treating individual hos-
pitals as random effects. Model results from the three data 
sources were then compiled using study-level meta-analysis 
(SLMA).43 Missing data were evaluated and were  <1% for 
gender and race/ethnicity. Therefore, cases with missingness 
were excluded from specific analyses using those variables 
but remained in the full cohort. To address variation across 
hospitals with small samples, as a sensitivity analysis, we 
repeated the analysis excluding hospitalizations in hospitals 
that had less than 10 hospitalizations for people with OUD. 
We also performed a sensitivity analysis including patients 
with PDD on the day of admission. All statistical analyses 
were conducted in R version 4.1.0, and p < 0.05 (two-sided) 

was considered statistically significant. Benjamini–Hochberg 
(B-H) multiple comparison correction was performed for the 
regression models and yielded similar results. Both marginal 
(variance explained by fixed factors) and conditional (vari-
ance explained by both fixed and random factors) pseudo-
R2 were reported for the regression models as suggested by 
Nakagawa & Schielzeth (2013).44

RESULTS

Study Cohort
The dataset included a total of 6,715,286 adult hospitali-
zations, from which a cohort of 127,158 (1.9%) met our 
inclusion criteria for OUD excluding those with PDD on 
the day of admission (n = 831) (eFigure 1 in the Supple-
ment). Among the study cohort, 7166 (5.6%) had PDD 
after the day of admission at a median of 3 days (IQR 
2–4). During these hospitalizations, the majority (91,051, 
71.6%) received some type of early opioid withdrawal treat-
ment (22.3% received methadone or buprenorphine; 43.4% 
received other opioid agonists; 5.9% received adjunctive 
medications) (Table 1). The hospitalizations associated with 
OUD in the cohort occurred in 362 hospitals which were 
mainly small (55.7%,  <200 beds), non-teaching (67%), and 
from the South (48.6%) (eTable 4 in Supplement). There 
were variations in opioid withdrawal management strategies 
across hospitals. In more than half of the included hospi-
tals (54.4%),  <10% of their OUD patients received opioid 
withdrawal treatment with methadone or buprenorphine 
(MOUD). In contrast, 6.6% of hospitals provided these 
medications to 50% or more of patients with OUD (Fig. 1).

OUD Patients with vs without PDD
Compared to hospitalizations for OUD patients without 
PDD, those with PDD were younger (mean age 40.4 vs 47.8) 
and more likely to be male (59.4 vs 47.9%) and non-White 
(29.1% vs 21.8%), had fewer ICU admissions (16.4% vs 
17.9%) and shorter ICU LOS (2.8 vs 4.0 days) and hospital 
LOS (4.3 vs 6.6), and had more reported alcohol (27.2% vs 
19.1%), stimulant use (14.3% vs 6.8%), and skin and soft 
tissue infections (13.3% vs 6.9%) but fewer major mental 
illnesses (39.0% vs 48.1%) (Table 1).

Factors Associated with PDD
In the adjusted multivariable regression model, early opioid 
withdrawal treatment strategies were associated with PDD 
among patients hospitalized with OUD (Table 2). Specifi-
cally, compared to those who did not receive any treatment, 
patients who received MOUD (methadone and/or buprenor-
phine) had a lower risk of experiencing PDD (adjusted odds 
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ratio [aOR] = 0.73, 95% confidence interval [CI]: 0.68–0.8, 
p < 0.001), though they appear to be at higher risk for PDD 
using crude counts (26.6% vs 22.1% in Table 1). There 
was no significant association between receiving opioid 
agonists other than methadone or buprenorphine (second-
ary exposure) and PDD (aOR = 0.95, 95% CI: 0.89–1.02, 
p = 0.148). Receipt of adjunctive agents alone (tertiary 
exposure) was significantly associated with an increased 
risk of PDD (aOR = 1.13, 95%CI: 1.01–1.26, p = 0.031). 
Older age (aOR = 0.97, 95%CI: 0.97–0.97, p < 0.001), 
increased comorbidity burden (Elixhauser score, aOR = 0.99, 
95%CI: 0.99–1.00, p < 0.001), and major mental illness 
(aOR = 0.66, 95%CI: 0.63–0.70, p < 0.001) were associated 
with decreased risk of PDD. On the other hand, male gen-
der (aOR = 1.32, 95%CI: 1.25–1.39, p < 0.001), ICU admis-
sion (aOR = 1.10, 95%CI: 1.02–1.18, p = 0.009), alcohol 

(aOR = 1.17, 95%CI: 1.10–1.25, p < 0.001), and stimulant 
use (aOR = 1.31, 95%CI: 1.21–1.41, p < 0.001) were associ-
ated with increased risk for PDD. For the three datasets, the 
marginal and conditional pseudo-R2 values ranged from 
0.08 to 0.11 and 0.18 to 0.21, respectively, indicating that 
approximately half of the variance explained in PDD inci-
dence is attributed to the fixed factors (individual-level 
factors) in the model. The sensitivity analysis including 
patients with PDD on day 1 revealed a similar protective 
association for MOUD and PDD; in addition, there was a 
protective association for opioid agonists and no significant 
association for adjunctive agents (eTable 5 in Supplement). 
Moreover, the results of our sensitivity analyses, where 
hospitals with fewer than 10 hospitalizations (n = 49 hos-
pitals) were excluded, were similar to the primary analysis 
(eTable 6 in Supplement).

Table 1   Characteristics of Hospitalized Patients with OUD by Patient-Directed Discharge Status (n = 127,158)

* Percentages are calculated after excluding cases with missing sex and race/ethnicity (<1% of the data)

Patient-directed discharge

Characteristic Full cohort
(n = 127,158)

Yes
(n = 7166, 5.6%)

No
(n = 119,992, 94.4%)

p-value

Age, years (mean ± sd) 47.3 ± 17.0 40.4 ± 12.8 47.8 ± 17.1  <.001
Male sex (%)* 60,970 (48.0) 4254 (59.4) 56,716 (47.3)  <.001
Race/ethnicity (%)*  <.001
  White 97,862 (77.8) 5040 (70.9) 92,822 (78.2)
  Asian 592 (0.5) 18 (0.3) 574 (0.5)
  Black 15,669 (12.4) 1016 (14.3) 14,653 (12.3)
  Hispanic 7587 (6.0) 726 (10.2) 6861 (5.8)
  Other 4151 (3.3) 306 (4.3) 3845 (3.2)
Elixhauser score (mean ± sd)  −0.2 ± 7.5  −1.4 ± 5.9  −0.1 ± 7.6  <.001
ICU admission (%) 22,616 (17.8) 1173 (16.4) 21,443 (17.9) .001
ICU LOS, days (mean ± sd) 3.9 ± 8.6 2.75 ± 4.94 4.0 ± 8.8  <.001
Hospital LOS, days (mean ± sd) 6.4 ± 7.5 4.33 ± 4.88 6.6 ± 7.6  <.001
Alcohol use 24,839 (19.5) 1948 (27.2) 22,891 (19.1)  <.001
Stimulant use 9211 (7.2) 1028 (14.3) 8183 (6.8)  <.001
Major mental illness 60,498 (47.6) 2795 (39.0) 57,703 (48.1)  <.001
Infection type
  Septicemia/bacteremia 7788 (6.1) 582 (8.1) 7206 (6.0)  <.001
  Pulmonary 17,552 (13.8) 835 (11.7) 16,717 (13.9)  <.001
  Genitourinary 12,255 (9.6) 448 (6.3) 11,807 (9.8)  <.001
  Intra-abdominal 4428 (3.5) 118 (1.6) 4310 (3.6)  <.001
  Skin and soft tissue 9281 (7.3) 952 (13.3) 8329 (6.9)  <.001
  Bone/joint 2027 (1.6) 157 (2.2) 1870 (1.6)  <.001
  Obstetrics/gynecology 971 (0.8) 53 (0.7) 918 (0.8) 0.81
  Central nervous system 559 (0.4) 36 (0.5) 523 (0.4) 0.41
  Other 9856 (7.8) 600 (8.4) 9256 (7.7) 0.04
  Positive blood culture 3521 (2.8) 339 (4.7) 3182 (2.7)  <.001
Disposition (%)  <.001
  Death 1788 (1.4) 0 1788 (1.5)
  Hospice 1187 (0.9) 0 1187 (1.0)
  Hospital transfer 2176 (1.7) 0 2176 (1.8)
  Subacute facility 13,039 (10.3) 0 13,039 (10.9)
  Home 108,968 (85.7) 7166 (100) 101,802 (84.8)
Early opioid withdrawal treatment strategy  <.001
  No treatment 36,107 (28.4) 2126 (29.7) 33,981 (28.3)
  MOUD 28,397 (22.3) 1905 (26.6) 26,492 (22.1)
  Other opioids 55,171 (43.4) 2591 (36.2) 52,580 (43.8)
  Adjunctive agents 7483 (5.9) 544 (7.6) 6939 (5.8)
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Opioid Withdrawal Treatment Strategies and 
Hospital LOS
Among those experiencing a PDD, opioid withdrawal 
management approach was associated with hospital LOS 
(Table 3). Treatment with MOUD (adjusted incidence rate 
ratio [aIRR] = 1.24, 95%CI: 1.17–1.3, p < 0.001) and other 
opioid agonists (aIRR = 1.39, 95%CI: 1.34–1.45, p < 0.001) 
were associated with increased hospital LOS. Treatment with 

adjunctive agents was not associated with LOS (aIRR = 1.07, 
95%CI: 1.00–1.15, p = 0.059). ICU admission (aIRR = 1.34, 
95%CI: 1.28–1.40, p < 0.001), greater Elixhauser scores 
(aIRR = 1.02, 95%CI: 1.02–1.02, p < 0.001), stimulant use 
(aIRR = 1.15, 95%CI: 1.09–1.21, p < 0.001), and major men-
tal illness (aIRR = 1.19, 95%CI: 1.15–1.24, p < 0.001) were 
all associated with increased LOS. For the three datasets, the 
marginal and conditional pseudo-R2 values ranged from 0.13 
to 0.25 and 0.32 to 0.40, respectively, indicating that nearly 
half of the variance explained in hospital LOS is attributed 
to the fixed factors (individual-level factors) in the model.

DISCUSSION
In this cohort of more than 125,000 hospitalizations for 
patients with OUD from 362 US hospitals, more than 1 in 20 
hospitalizations resulted in PDD. Receipt of MOUD (metha-
done or buprenorphine) in the hospital was associated with 
lower odds of PDDs compared to no treatment. Receipt of 
adjunctive medications to control withdrawal symptoms alone 
was associated with a slightly increased risk of PDD, sug-
gesting that if patients are experiencing severe opioid with-
drawal, methadone or buprenorphine may be preferable. Yet 
there was substantial variation among withdrawal manage-
ment approaches across hospitals and few hospitals provided 
methadone or buprenorphine to most patients with OUD.

The finding that methadone and buprenorphine are associ-
ated with decreased PDD is consistent with previous smaller 
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Figure. 1   Hospital variation in the use of early treatment medications for opioid use disorder (MOUD) (n = 362 hospitals).

Table 2   Risk-Adjusted Multivariable Model Results for Patient-
Directed Discharge Among Hospitalized Patients with OUD 

(n = 127,158)*

* To adjust for variation across hospitals, individual hospitals were 
included as random effects

Variable Adjusted OR (95% CI) P-value

Early opioid withdrawal treatment
    No treatment Reference -
    MOUD (methadone or 

buprenorphine)
0.73 (0.68–0.8)  <.001

    Other opioids 0.95 (0.89–1.02) 0.15
    Adjunctive agents 1.13 (1.01–1.26) 0.031
Sociodemographic characteristics
    Age 0.97 (0.97–0.97)  <.001
    Male sex 1.32 (1.25–1.39)  <.001
    Non-White race/ethnicity 0.94 (0.88–1.00) 0.07
Clinical characteristics
    ICU admission 1.1 (1.02–1.18) 0.009
    Elixhauser score 0.99 (0.99–1.00)  <.001
    Alcohol use 1.17 (1.10–1.24)  <.001
    Stimulant use 1.31 (1.21–1.41)  <.001
    Major mental illness 0.66 (0.63–0.70)  <.001
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studies.7,34–38 These medications when used at appropriate 
doses can dramatically decrease withdrawal symptoms and 
can subsequently facilitate hospital-based care. Additionally, 
these medications can be continued as outpatients after link-
age to appropriate outpatient treatment programs. Though 
other opioid agonists are indicated for pain, if delivered in 
adequate doses and frequency they can also control with-
drawal. Pain and withdrawal have clearly and repeatedly 
found to be key concerns and drivers of PDD among hospi-
talized patients with PDD.11,45 In this study, however, they 
were not associated with decreased PDD, perhaps due to 
unmeasured confounding or inability to stratify based on 
the dose or frequency of opioid agonist treatment. Patients 
with OUD with acute pain often need higher opioid doses 
to achieve adequate analgesia even if they receive separate 
treatment for opioid withdrawal. Opioid agonists were asso-
ciated with longer time in the hospital among those who 
ultimately experienced a PDD, suggesting better quality of 
care. It is also possible this represents confounding by indi-
cation where those who received opioid agonist medications 
had more painful or serious conditions that resulted in longer 
hospitalizations. The findings that stimulant and alcohol use 
as well as male sex were associated with PDD suggest a 
need for tailored interventions targeted to these individuals 
as well.

The variation in pain and withdrawal management for hos-
pitalized patients with OUD highlights the need for systemic 
change in caring for this population. This is consistent with 
a nationwide VA study that found that only 15% of hospital-
ized patients with OUD received any opioid agonist therapy 
with a great variation in the frequency of treatment between 
hospitals (0–43%).24 Addiction consult services can be a 
cost-effective strategy to improve outcomes for hospitalized 
patients with OUD.46 Though some hospitals have devel-
oped specialized services staffed with addiction medicine 

physicians, training of hospitalists to deliver MOUD in the 
hospital has also proven feasible.47 Yet, there are geographic, 
ethnic, and racial disparities in access to hospital-based 
OUD treatment.48,49 Efforts are needed to ensure these ser-
vices are delivered to all patients who need these services 
using a variety of hospital-based addiction care models.50 In 
addition, the low rates of MOUD implementation suggest the 
need for broader investment in implementation strategies and 
incentives at the local, regional, and federal levels.51

The strengths of this study contribute to an improved 
understanding of PDDs among people with OUD. The data 
are from a large and diverse cohort of hospitals that improve 
generalizability and reproduce prior findings from smaller 
more homogenous cohorts. In addition, previous studies 
were single site or included data from many hospitals but 
lacked inpatient medication administration data. The range 
of hospitals included permitted analysis of variation in hos-
pital practices, and our data allowed us to include a rich set 
of patient factors as covariates.

This study also has important limitations, many of which 
motivate future research. First, although there is heterogene-
ity in geography and hospital data, this is a convenience sam-
ple of hospitals that may not be representative of all hospitals 
in the USA. Second, we used diagnosis codes to identify 
individuals with OUD which are subject to misclassification. 
OUD may be undercoded for some individuals, while oth-
ers with chronic pain may be misclassified as having OUD 
without meeting the criteria for OUD.52 Third, though we 
adjusted for several clinical characteristics and markers of 
disease severity, this is a retrospective observational study 
that may limit our causal interpretation due to unaddressed 
confounding and potentially other sources of bias. For exam-
ple, we did not include benzodiazepine use disorder as a 
covariate due to concerns about misclassification. However, 
this type of study can still deliver valuable information and 

Table 3   Risk-Adjusted Multivariable Model Results for Hospital Length of Stay Among Hospitalized Patients with OUD Who Have 
Patient-Directed Discharges (n = 7,116)*

* To adjust for variation across hospitals, individual hospitals were included as random effects

Variable Adjusted IRR (95% CI) P-value

Early opioid withdrawal treatment
    No treatment Reference -
    MOUD (methadone and buprenorphine) 1.24 (1.17–1.30)  <.001
    Other opioids 1.39 (1.34–1.45)  <.001
    Adjunctive agents 1.07 (1.00–1.15) 0.06
Sociodemographic characteristics
    Age 1.00 (1.00–1.00) 0.09
    Male gender 1.01 (0.97–1.04) 0.70
    Non-White race/ethnicity 1.04 (1.00–1.08) 0.064
Clinical characteristics
    ICU admission 1.34 (1.28–1.40)  <.001
    Elixhauser score 1.02 (1.02–1.02)  <.001
    Alcohol use 1.01 (0.97–1.05) 0.75
    Stimulant use 1.15 (1.09–1.21)  <.001
    Major mental illness 1.19 (1.15–1.24)  <.001
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may provide a better reflection of daily clinical practice 
compared to the gold standard of randomized controlled 
trials.53 In particular, due to limitations with the data, we 
were unable to fully adjust for the reason for clinical pres-
entation and thus residual confounding by indication may 
impact our findings. For example, individuals with OUD 
and painful conditions like injuries may be more likely to 
receive opioid agonist treatments for pain and more likely 
to remain in the hospital for treatment. Additionally, we are 
unable to examine admission medication lists to determine 
if the medications administrated were new initiations or con-
tinuations of outpatient medications. Thus, people receiving 
methadone and buprenorphine, for example, may already 
be engaged in OUD treatment as outpatients which may be 
protective against PDD.54 Fourth, we are unable to determine 
the exact timing, dose, or frequency of administered medica-
tions which could impact the likelihood of PDD throughout 
a hospital stay. In addition, we did not examine the admin-
istration of medications for the treatment of alcohol or 
benzodiazepine withdrawal which could also contribute to 
PDDs. Fifth, not all hospitals contributed data for each year 
of our analysis, and we are unsure how some of the vari-
ables are collected across different hospitals; for example, 
whether race/ethnicity is perceived by staff or collected via 
self-report. Sixth, our data only represent the experience of 
cohort hospitals until 2015. In recent years, there have been 
substantial efforts to improve the treatment of OUD in the 
hospital. Additional research is needed with updated data. 
Seventh, we excluded individuals who experienced PDDs 
on the day of admission to protect against misclassification 
and immortalized time bias. In our cohort, however, PDDs 
on the first day of admission formed only 10.5% of all PDDs, 
indicating a minimal potential impact of this exclusion on 
our results, and our primary finding of a protective effect of 
MOUD was consistent in a sensitivity analysis that included 
patients with PDDs on the day of admission. Finally, our 
datasets did not include patient identifiers to allow us to 
identify patients with multiple hospitalizations during the 
study period. This could lead to non-independence in some 
of the included encounters and underestimation of standard 
errors and inflated type I error in our results.55

CONCLUSION
Patients with OUD who were hospitalized commonly expe-
rienced PDD. Treatment with MOUD was associated with 
decreased PDD compared to no withdrawal management but 
was prescribed to less than 1 in 4 patients with OUD. Among 
patients with PDD, treatment with MOUD or other opioids was 
associated with longer time receiving treatment in the hospital. 
Systemic efforts are needed to improve pain and withdrawal 
management for hospitalized individuals with OUD.
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