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Abstract

Background: Patterns of inpatient opioid use and their associations with postdischarge opioid 

use are poorly understood.
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Objective: To measure patterns in timing, duration, and setting of opioid administration in 

opioid-naive hospitalized patients and to examine associations with postdischarge use.

Design: Retrospective cohort study using electronic health record data from 2010 to 2014.

Setting: 12 community and academic hospitals in Pennsylvania.

Patients: 148 068 opioid-naive patients (191 249 admissions) with at least 1 outpatient encounter 

within 12 months before and after admission.

Measurements: Number of days and patterns of inpatient opioid use; any outpatient use (self-

report and/or prescription orders) 90 and 365 days after discharge.

Results: Opioids were administered in 48% of admissions. Patients were given opioids for a 

mean of 67.9% (SD, 25.0%) of their stay. Location of administration of first opioid on admission, 

timing of last opioid before discharge, and receipt of nonopioid analgesics varied substantially. 

After adjustment for potential confounders, 5.9% of inpatients receiving opioids had outpatient use 

at 90 days compared with 3.0% of those without inpatient use (difference, 3.0 percentage points 

[95% CI, 2.8 to 3.2 percentage points]). Opioid use at 90 days was higher in inpatients receiving 

opioids less than 12 hours before discharge than in those with at least 24 opioid-free hours before 

discharge (7.5% vs. 3.9%; difference, 3.6 percentage points [CI, 3.3 to 3.9 percentage points]). 

Differences based on proportion of the stay with opioid use were modest (opioid use at 90 days 

was 6.4% and 5.4%, respectively, for patients with opioid use for ≥75% vs. ≤25% of their stay; 

difference, 1.0 percentage point [CI, 0.4 to 1.5 percentage points]). Associations were similar for 

opioid use 365 days after discharge.

Limitation: Potential unmeasured confounders related to opioid use.

Conclusion: This study found high rates of opioid administration to opioid-naive inpatients and 

associations between specific patterns of inpatient use and risk for long-term use after discharge.

Primary Funding Source: UPMC Health System and University of Pittsburgh.

The opioid epidemic places a significant burden on families, communities, and health 

systems across the United States (1, 2). Prescription and illicit opioids are responsible for the 

highest drug overdose mortality rates ever recorded, accounting for 63 600 deaths in 2016 

(3). Health system and policy interventions have largely focused on reducing and monitoring 

high-risk opioid prescribing (4). Prescription drug monitoring programs seek to mitigate 

aberrant prescribing and patient misuse (4). The 2016 Centers for Disease Control and 

Prevention guidelines for opioid prescribing for chronic pain (5) have reduced prescribing 

volume and some high-risk prescribing (6), and payers have instituted measures to promote 

better prescribing (7, 8).

These initiatives have largely focused on outpatient prescribing (9). Despite the Joint 

Commission’s standards for inpatient pain management being implicated as a driver of 

increased opioid use, opioid prescribing in inpatient settings has received far less empirical 

evaluation (10). Recent studies reported that up to 13% of opioid-naive patients hospitalized 

for surgical procedures use opioids as outpatients for extended periods after surgery (11–19). 

Research on opioid prescribing after nonsurgical hospitalization reported similar rates of 

persistent use (20). One study of more than 1 million nonsurgical admissions to 286 U.S. 
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hospitals found that opioids were used 51% of the time (21). However, little is known about 

the timing, duration, and inpatient setting of opioid administration or whether particular 

inpatient patterns of use correlate with long-term use after discharge.

To fill these knowledge gaps, we linked inpatient and outpatient electronic medical record 

data from a large health system between 2010 and 2014 to examine inpatient opioid 

administration among opioid-naive patients. We addressed 3 questions. First, who is most 

likely to receive opioids during a hospital stay? Second, when, where, and for how long are 

opioids used during hospital stays? Third, which patterns of opioid prescribing are 

associated with continued use after discharge?

Methods

Data Source

We obtained data from the UPMC Health System, an integrated delivery and financing 

system that includes academic and community hospitals and accounts for 41% of hospital 

admissions in western Pennsylvania. We obtained hospital discharge data from 2010 to 2014 

from 12 UPMC-affiliated community and academic hospitals. System-wide implementation 

of outpatient and inpatient electronic health records was complete before our study period. 

We linked inpatient electronic health record data (CERNER) to outpatient records (Epic 

Systems) using the health system’s enterprise master patient index.

We obtained the following data on inpatient encounters: demographic characteristics (age, 

sex, and race); diagnosis codes; admission type (medical vs. surgical); length of stay; 

intensive care unit (ICU) stay; source of insurance coverage; in-hospital mortality; and 

medication administration data, including drug name, route of administration, setting, and 

day and hour of administration. Information on prior home medications was collected by 

clinical personnel at the time of admission through patient or caregiver report. When a home 

medication list was not recorded, medication lists recorded in the discharge summary of a 

prior hospital stay were used when available.

From the outpatient encounter database, we obtained information on outpatient visits before 

and after the index hospital stay along with outpatient medication lists. Medication data in 

the outpatient database represented the reconciled medication information that providers 

review during each visit and captured both active medications reported by patients and new 

prescriptions ordered by providers at outpatient visits.

Study Sample

Our sample included adults (aged ≥18 years) admitted to study hospitals from the 

emergency department, home, or transfers between 2010 and 2014 (Appendix Figure, 

available at Annals.org). We included admissions for opioid-naive patients, defined as those 

with no documented opioid use in the inpatient and outpatient encounter databases in the 

prior 12 months. We excluded admissions that were for deliveries, those occurring less than 

90 days after a previous admission (we included only the first admission in such cases to 

allow for complete measurement of outpatient medication use), those that were missing 

complete inpatient medication records, and those for patients with no outpatient encounter in 
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the 12 months before and after the admission (to ensure that we could measure outpatient 

opioid use after discharge). We included admissions for patients with diagnoses that 

typically prompt opioid treatment (such as burns, major trauma, and advanced cancer) 

because our objective was not to adjudicate appropriateness of opioid prescription but to 

analyze associations between inpatient use patterns and long-term use.

Inpatient and Postdischarge Opioid Use

Opioids were identified in inpatient and outpatient encounter databases using the same 

medication list (Appendix Table 1, available at Annals.org). We excluded partial opioid 

agonists that are approved for opioid use disorder treatment, such as buprenorphine– 

naloxone, from our definition of opioid use.

We constructed 3 outcomes related to opioid use. We measured the number of days on which 

any opioid was administered during the hospital stay, excluding perioperative use (≤24 hours 

after surgery). Almost all patients admitted for surgery received perioperative opioids, but 

use varied thereafter. The other 2 measures captured postdischarge use. Using outpatient 

records, we constructed dichotomous indicators for any opioid use recorded within 90 and 

365 days after discharge. Opioid use recorded in the outpatient encounter database could 

represent self-reported use or prescriptions ordered during the encounter. We could not 

observe prescription fills in pharmacies by using the outpatient database.

Patterns of Inpatient Opioid Administration

To understand associations between patterns of inpatient analgesia (opioid and nonopioid) 

and subsequent outpatient use, we created measures reflecting the presence, timing, 

duration, and location of opioid and nonopioid analgesia administration during each hospital 

stay. These indicators included the number of calendar days of a stay with any opioid 

administration, timing of the last opioid administration relative to discharge (in hours), 

location of first use (for example, emergency department, ICU, or ward), and use of 

nonopioid analgesics (such as nonsteroidal anti-inflammatory drugs or acetaminophen) 

(Appendix Table 1).

Covariates

On the basis of prior research and clinical judgment, we selected several patient- and 

discharge-level characteristics to include as covariates in our multivariable regression 

models. These included patient sex, age (as an ordinal variable), and race (white, black, or 

other); calendar year of admission (to account for time trends in opioid prescribing); hospital 

indicators (to account for differences in case mix and prescribing differences by hospital); 

payment source (commercial, Medicare, Medicaid, other, or uninsured) as a proxy for 

socioeconomic status; a 4-category variable that combined type of admission (medical or 

surgical) with whether the stay involved an ICU stay; Healthcare Cost and Utilization 

Project Clinical Classifications Software categories based on the International Classification 

of Diseases, Ninth Revision (22), which we combined into 9 variables to capture reason for 

admission; Elixhauser Comorbidity Index score (range, 0 to 30); several comorbid 

conditions previously found to be associated with opioid use, including musculoskeletal 

pain, depression, other mental disorders, alcohol use disorders, drug dependence, and opioid 
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poisoning (Supplement Table 1, available at Annals.org) (23); and an indicator for whether 

the patient had used benzodiazepines at home in the 12 months before admission. Length of 

hospital stay was included in statistical models as either an offset term or a covariate 

depending on the outcomes of interest. In-hospital mortality was obtained from inpatient 

records, and postdischarge mortality (treated as a competing event) was measured using 

monthly data that UPMC obtains from the Social Security Administration.

Statistical Analysis

Admission characteristics were summarized with descriptive statistics (mean and SD or 

median and interquartile range for continuous variables and frequency and percentage for 

categorical variables). We then conducted 3 analyses among opioid-naive hospitalized 

patients. First, we examined factors associated with inpatient opioid use (excluding the 

perioperative period) using multivariable Poisson models, where the dependent variable was 

the number of days an opioid was administered in the hospital, length of stay (in days) was 

log-transformed and treated as an offset term, and all covariates described earlier were 

included to adjust for case mix. We assessed model fit and found no evidence of 

overdispersion of the data and thus considered a Poisson model to be appropriate. We 

included hospital fixed effects to account for hospital-level confounding and robust SEs with 

clustering by patient to account for those with multiple hospital stays. We report adjusted 

incidence rate ratios (IRRs), 95% CIs, and [i]P[/i] values for each covariate.

Second, we fit 2 multinomial logistic regression models to examine the association between 

any inpatient opioid administration (excluding perioperative use for surgical patients) and 

any outpatient use within 90 or 365 days after discharge. To account for censoring of the 

outcome due to postdischarge death or readmission, we constructed the outcome variable as 

4 mutually exclusive categories: presence of outpatient opioid use, absence of outpatient 

opioid use (without death or readmission), readmission without outpatient opioid use 

beforehand, and death without outpatient opioid use beforehand. We adjusted for all 

covariates measured at the index admission, including length of stay and hospital fixed 

effects, and we used robust SEs to account for clustering by patient.

Third, we used multinomial logistic regression to examine the association between patterns 

of inpatient opioid administration (including perioperative use) and any outpatient use at 90 

or 365 days after discharge. We limited this analysis to admissions for patients with at least 

1 instance of inpatient opioid use during the index admission and used the multinomial 

outcome described earlier to capture outpatient use in the absence of death or readmission. 

We included as key independent variables 4 patterns of inpatient opioid use that were 

determined not to be collinear: the proportion of the hospital stay involving opioid 

administration (the number of days with opioid administration divided by the total number 

of days of the hospital stay), specified as 1% to 25%, 26% to 50%, 51% to 75%, or 76% to 

100%; length of time between last opioid administration and discharge (0 to 12, 13 to 24, or 

>24 hours); location of administration of first opioid (stepdown unit or ward, emergency 

department, ICU, or procedure unit or postanesthesia care unit); and any use of nonopioid 

analgesics during the stay. We used robust SEs and adjusted for all covariates, including 

length of stay and hospital fixed effects.
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To aid interpretation of both multinomial models, we report marginal effects or predicted 

probabilities (averaged over the covariates) based on inpatient opioid use patterns and 

calculated using Stata’s margins command. Fewer than 5% of observations had missing 

covariates and our sample size is large, so the main analyses were based on complete cases. 

We assessed the robustness of our results by conducting several sensitivity analyses. We 

explored the potential for residual confounding by calculating E-values (24). We ran 

analyses removing hospital stays for conditions for which opioids are commonly indicated 

and perhaps less discretionary (such as trauma or cancer). We assessed for differences by 

hospital in covariates and outcomes of interest and reran analyses with removal of the 1 

hospital whose patient characteristics diverged from the rest of the sample. Finally, we 

examined the potential for effect modification by hospital using interaction terms. All 

statistical analyses were conducted using Stata, version 14 (StataCorp).

Ethics

This study was approved with waiver of informed consent by the Institutional Review Board 

of the University of Pittsburgh (IRB no. PRO15110454).

Role of the Funding Source

This study was funded via internal departmental support. No funding source had any role in 

the design, conduct, or analysis of the study or the decision to submit the manuscript for 

publication.

Results

Descriptive Characteristics of Opioid-Naive Patients

There were 191 249 admissions among 148 068 opioid-naive patients meeting inclusion 

criteria, of whom 33 696 (22.8%) had 2 or more hospital stays (Appendix Figure). 

Approximately half the stays were for patients older than 60 years, and 70% were medical 

admissions (Table 1). At least 1 opioid dose was administered during nearly half of 

admissions, although un-adjusted rates of administration varied by hospital from 32.7% to 

59.1%. There were several differences in characteristics of admissions with and without 

opioid administration. Generally, inpatients receiving opioids were more likely to be 

younger and female and to have Medicaid or commercial insurance. They were also nearly 

twice as likely to have been admitted for a surgical procedure. Comorbid musculoskeletal 

pain conditions were more common in stays with opioid use.

Factors Associated With Inpatient Opioid Administration

Several characteristics were associated with inpatient opioid receipt (Figure 1). Patients aged 

75 years or older were half as likely as those aged 18 to 24 years to receive opioids (IRR, 

0.55 [95% CI, 0.53 to 0.57]; P < 0.001). Compared with commercially insured patients, 

Medicaid enrollees were 18% more likely to receive opioids (IRR, 1.18 [CI, 1.16 to 1.20]; P 
< 0.001). Surgical admissions with an ICU stay were nearly twice as likely to include opioid 

administration (during the postoperative period) than medical admissions without an ICU 

stay (IRR, 1.93 [CI, 1.90 to 1.97]; P < 0.001). Opioid administration was significantly more 

likely in hospitalizations for gastrointestinal; oncologic; and musculoskeletal, trauma, or 
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orthopedic conditions than in those for cardiovascular conditions. Patients with comorbid 

musculoskeletal pain (IRR, 1.30 [CI, 1.28 to 1.31]; P < 0.001) and those with depression 

(IRR, 1.13 [CI, 1.11 to 1.15]; P <0.001) were more likely to receive opioids, whereas other 

comorbid mental disorders (IRR, 0.62 [CI, 0.58 to 0.66]; P < 0.001) and alcohol use disorder 

(IRR,0.70 [CI, 0.65 to 0.76]; P < 0.001) were associated with a lower rate of opioid receipt.

Patterns of Inpatient Opioid Administration

Figure 2 shows patterns of opioid and nonopioid analgesic administration for the 92 433 

admissions with opioid use, stratified by hospitalization type. Opioid administration during 

the 24-hour perioperative period is included to fully characterize patterns for surgical 

patients. Across all hospital stays, patients who received opioids received them for 67.9% 

(SD, 25.0%) of days, and the percentage was substantially greater for surgical admissions 

(Figure 2, A). The proportion of the stay involving opioid use decreased as length of stay 

increased.

Timing of opioid administration varied substantially by admission type. A higher percentage 

of non-ICU surgical patients received their last opioid less than 12 hours before discharge 

than non-ICU medical patients (Figure 2, B). Admissions with an ICU stay generally had 

more nonopioid time before discharge.

Setting of first opioid administration also varied by admission type, although the first opioid 

was administered in the emergency department in a small proportion of admissions (13.0% 

to 22.9%) (Figure 2, C). A majority of medical and surgical patients who spent time in the 

ICU had their first opioid administered in the ICU and the postanesthesia care unit, 

respectively.

Nonopioid analgesics were rarely used before opioids (7.9% to 22.2%, depending on 

admission type) and were used at any time during hospital stays in which an opioid was 

administered in 22.6% to 54.2% of admissions (Figure 2, D). Administration of a nonopioid 

analgesic after or concurrently with an opioid (rather than before) was more common for 

surgical than for medical admissions.

Association Between Inpatient Opioid Administration and Outpatient Use

Among opioid-naive inpatients, receipt of opioids was associated with a roughly 2-fold 

higher relative risk for outpatient use within 90 days than the relative risk for no outpatient 

use, death, or readmission (relative risk ratio [RRR], 2.07 [CI, 1.97 to 2.18]) (Supplement 

Table 2, available at Annals.org). Among inpatients who received at least 1 opioid, risk for 

outpatient use was 5.9% (CI, 5.7% to 6.1%) versus 3.0% (CI, 2.8% to 3.1%) among those 

with no inpatient use (difference, 3.0 percentage points [CI, 2.8 to 3.2 percentage points]) 

(Table 2). Results were similar at 365 days, although risk for outpatient use was higher 

overall.

Associations Between Inpatient Opioid Administration Patterns and Outpatient Use

Among the subset of opioid-naive patients receiving opioids during their index admission, 

several patterns were associated with increased likelihood of outpatient use. Those given 
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opioids for 76% to 100% of their stay were more likely to use opioids within 90 days after 

discharge than those receiving opioids for 1% to 25% of the stay (RRR, 1.25 [CI, 1.09 to 

1.43]) (Supplement Table 4, available at Annals.org). The predicted probability was 6.4% 

(CI, 6.0% to 6.8%) versus 5.4% (CI, 4.8% to 5.9%) (difference, 1.0 percentage point [CI, 0.4 

to 1.5 percentage points]) (Table 3). At 365 days after discharge, the RRR was 1.35 (CI, 1.19 

to 1.54), for a difference of 1.8 percentage points (CI, 1.2 to 2.5 percentage points) between 

those with opioids for 75% to 100% versus 1% to 25% of the stay. Compared with patients 

who did not receive an opioid during the last 24 hours of their stay, those given an opioid no 

more than 12 hours before discharge had twice the risk for opioid use 90 days after 

discharge (RRR, 2.02 [CI, 1.83 to 2.23]) (Supplement Table 4), corresponding to a 

difference of 3.6 percentage points (CI, 3.3 to 3.9 percentage points). Hospital setting (for 

example, emergency department or ICU) was not significantly associated with outpatient use 

at 90 days. Administration of the first opioid in the emergency department was associated 

with a slightly higher rate of outpatient use at 365 days (RRR, 1.13 [CI, 1.04 to 1.22]).

Sensitivity Analyses

To explore the role of potential unmeasured confounders (such as inpatient opioid dosage, 

history of substance use disorder, or pain severity), we calculated E-values. The observed 

RRRs for differences in outpatient opioid use at 90 days could be explained by an 

unmeasured confounder that was associated with the likelihood of any inpatient opioid 

administration and the risk for outpatient use by a risk ratio of 3.6 or higher for each, beyond 

measured confounders. The risk ratio of an unmeasured confounder would need to be 3.1 for 

the 365-day outcome. These E-values are substantially higher than the largest observed 

confounder for either the 90- or 365-day outcome (risk ratio, 2.20 [CI, 2.00 to2.44]). For 

analyses of patterns of inpatient opioid use, E-values were 3.5 (time from last opioid 

administration to discharge) and 1.8 (proportion of stay with opioid use). Our other 

sensitivity analyses also showed that results were generally robust to inclusion of certain 

conditions (such as trauma and cancer) and exclusion of 1 hospital that largely served 

younger women. Examination of effect modification by hospital indicated that the direction 

of the observed effects was identical to the main analyses. Results of sensitivity analyses are 

presented in Appendix Tables 2 and 3 and Supplement Tables 6 to 10 (available at 

Annals.org).

Discussion

Our study has 4 key findings. First, nearly half of opioid-naive patients were given opioids in 

the hospital. Opioid use was common even for medical admissions without an ICU stay, and 

opioids were rarely preceded by nonopioid analgesics. Second, any receipt of an opioid in 

the hospital was associated with roughly twice the probability of outpatient use after 

discharge. Third, a large percentage of inpatients who received opioids received them for 

most of their stay, and patients were frequently administered opioids within 12 hours of 

discharge. Fourth, patterns related to timing and duration of inpatient opioid administration 

were independently associated with increased probability of outpatient use up to 1 year after 

discharge.
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Studies have shown that a nontrivial minority of surgical patients who fill opioid 

prescriptions immediately after discharge experience long-term use, misuse, or addiction 

(11–19). Most of these studies analyzed claims data, which provide detailed information on 

out-patient use but cannot describe opioid administration during inpatient stays. Our study 

describes the hitherto unexplored “black box” of inpatient opioid use in a large sample of 

inpatients from community and academic hospitals. Although we could not assess the 

appropriateness of opioid administration, we detected several areas that may represent 

opportunities to modify risk for subsequent use.

For example, most opioid-naive patients who were given opioids in the hospital received 

them before nonopioid analgesics. Although some patients may have contraindications to 

nonsteroidal anti-inflammatory drugs, such as a history of peptic ulcer disease or renal 

impairment, the prevalence of these conditions does not explain the apparent preference for 

opioids over nonopioid alternatives. The overall duration of opioid use, especially use that 

continued into the final hours of the hospital stay, was also not explained by case mix yet 

increased the probability of postdischarge use. Efforts to restrict these inpatient prescribing 

practices thus seem worthy of evaluation.

Because our observational study could not determine causality, interventional trials are 

needed to determine whether altering inpatient opioid prescribing will limit opioid-related 

morbidity and mortality. Multi-pronged strategies that educate hospital-based clinicians 

together with standardized protocols that guide pain assessment and treatment hold promise 

(25, 26). Implementation of programs to enhance recovery after surgery, which promote 

opioid-free and multimodal analgesia, has decreased length of hospital stay and 

complication rates and may decrease long-term postoperative opioid use (27–29).

Our findings should be viewed in light of several limitations. First, our data were obtained 

from a single health system, although the system is large and includes both community and 

academic hospitals. Second, our observational study may be subject to confounding by 

unobservable factors, such as history of substance use disorder, pain severity, or opioid 

dosage. We conducted a sensitivity analysis to determine how much unmeasured 

confounding would be needed to explain the observed RRRs between inpatient and 

outpatient opioid use. The magnitude of the E-values relative to the confounders we were 

able to adjust for suggests that our findings on the association between any inpatient opioid 

use and timing of opioid administration relative to discharge are robust. However, the E-

value for the RRR comparing the differences in the proportion of the stay with opioids 

suggests that this estimate may be more susceptible to unobserved confounding. Third, our 

use of only a 12-month lookback may have resulted in some patients being misclassified as 

opioid-naive. Given the high error rates in medication reconciliation systems (30, 31) and 

the relatively poor agreement we found between inpatient and outpatient medication lists, 

we required that both medication lists in both databases indicate no opioid use when 

identifying opioid-naive patients. This conservative approach may limit generalizability to 

patients with no outpatient records. Fourth, we did not measure the appropriateness of opioid 

use in our sample, which included some patients who may have received these medications 

legitimately (for example, those with severe trauma or cancer). Fifth, by relying on 

medication use recorded in outpatient records, we could have missed patients who 
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exclusively receive opioids illegally or from non-UPMC providers. We also could not 

determine whether patients filled their prescriptions; thus, our findings may overestimate 

opioid prescribing.

This 5-year observational study sheds light on patterns of inpatient opioid administration to 

opioid-naive patients. Receipt of any opioids in the hospital was associated with nearly twice 

the probability of continued outpatient use. Our findings also highlight specific patterns of 

inpatient opioid prescribing that are associated with continued outpatient use and are likely 

amenable to health system interventions.
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Appendix Figure. 
Study flow diagram.

Appendix Table 1.

Types

Opioids

 Alfentanil

 Butorphanol

 Codeine

 Dihydrocodeine

 Fentanyl

 Hydrocodone

 Hydromorphone

 Levorphanol

 Meperidine

 Methadone

 Morphine
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 Nalbuphine

 Oxycodone

 Oxymorphone

 Pentazocine

 Remifentanil

 Sufentanil

 Tapentadol

 Tramadol

Nonopioid analgesics

 Celecoxib

 Ibuprofen

 Naproxen

 Ketorolac

 Acetaminophen

Appendix Table 2.

Sensitivity Analysis of Association Between Any Inpatient Opioid Use and Outpatient 

Opioid Use, Death, and Readmission at 90 and 365 Days After Discharge, With Hospital 1 

Excluded

Outcome No Inpatient Opioid Use Inpatient Opioid Use Difference (95% CI), 
percentage points

90 d

 Outpatient Opioid Use 3.3 (3.1 to 3.4) 6.3 (6.1 to 6.5) 3.0 (2.8 to 3.2)

 No outpatient opioid use/
death/readmission 70.9 (70.6 to 71.3) 68.8 (68.4 to 69.2) −2.1 (−2.5 to −1.7)

 Death 0.4 (0.4 to 0.5) 0.5 (0.5 to 0.6) 0.1 (0.1 to 0.2)

 Readmission 25.4 (25.0 to 25.7) 24.4 (24.1 to 24.8) −1.0 (−1.4 to −0.6)

365 d

 Outpatient opioid use 4.7 (4.5 to 4.8) 8.0 (7.8 to 8.3) 3.4 (3.1 to 3.6)

 No outpatient opioid use/
death/readmission 48.8 (48.4 to 49.2) 48.1 (47.6 to 48.5) −0.7 (−1.2 to −0.3)

 Death 1.3 (1.2 to 1.4) 1.2 (1.1 to 1.3) −0.1 (−0.2 to 0.0)

 Readmission 45.2 (44.8 to 45.6) 42.7 (42.2 to 43.1) −2.5 (−3.0 to −2.1)
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Appendix Table 3.

Sensitivity Analysis of Association Between Patterns of Inpatient Opioid Administration and 

Outpatient Opioid Use at 90 and 365 Days After Discharge Among Inpatients Receiving 

Opioids, With Hospital 1 Excluded

Variable ≤90 Days After Discharge ≤365 Days After Discharge

Outpatient Opioid 
Use (95% CI), %

Difference (95% 
CI), percentage 
points

Outpatient Opioid 
Use (95% CI), %

Difference (95% 
CI), percentage 
points

Proportion of stay with opioids administered

 1%–25% 6.0 (5.3 to 6.7) Reference 7.1 (6.4 to 7.8) Reference

 26%–50% 6.0 (5.6 to 6.4) 0.0 (−0.7 to 0.7) 7.9 (7.4 to 8.3) 0.8 (0.1 to 1.5)

 51%–75% 7.3 (7.0 to 7.7) 1.3 (0.6 to 2.0) 9.5 (9.0 to 9.9) 2.4 (1.7 to 3.1)

 76%–100% 7.2 (6.7 to 7.7) 1.2 (0.5 to 1.9) 9.3 (8.7 to 9.8) 2.2 (1.5 to 2.9)

Time from last opioid administration to discharge

 >24 h 4.6 (4.2 to 4.9) Reference 6.3 (5.9 to 6.7) Reference

 13–24 h 6.5 (5.9 to 7.0) 1.9 (1.3 to 2.4) 8.0 (7.4 to 8.6) 1.7 (1.1 to 2.3)

 0–12 h 8.5(8.1 to 8.8) 3.9 (3.5 to 4.2) 10.5 (10.0 to 10.9) 4.2 (3.7 to 4.6)

Setting of first opioid administration

 Stepdown unit/
ward

6.7 (6.3 to 7.0) Reference 8.5(8.1 to 8.9) Reference

 ED 6.6 (6.1 to 7.1) −0.1 (−0.6 to 0.4) 8.4 (7.8 to 8.9) −0.1 (−0.7 to 0.4)

 ICU 7.1 (6.3 to 8.0) 0.4 (−0.4 to 1.3) 8.9 (7.9 to 9.8) 0.4 (−0.6 to 1.3)

 PACU/
procedure unit

6.7 (6.2 to 7.2) 0.0 (−0.5 to 0.5) 8.7 (8.1 to 9.3) 0.2 (−0.4 to 0.8)

Any inpatient use of nonopioid analgesic

 None 6.6 (6.4 to 6.9) Reference 8.5 (8.2 to 8.8) Reference

 ≥1 time during 
stay

7.0 (6.6 to 7.4) 0.4 (0.0 to 0.8) 8.9 (8.4 to 9.3) 0.4 (−0.1 to 0.8)

ED = emergency department; ICU = intensive care unit; PACU = postanesthesia care unit.
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Figure 1. 
Inpatient opioid use among opioid-naive patients, with adjustment for patient- and stay-level 

characteristics.

IRRs were estimated using a multivariable Poisson model that included 191 249 hospital 

stays. The dependent variable was the number of days with opioid administration. Length of 

hospital stay (log-transformed) was treated as an offset term. Error bars indicate 95% CIs. 

HCUP CCS = Healthcare Cost and Utilization Project Clinical Classifications Software; 

ICU = intensive care unit; IRR = incidence rate ratio.
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Figure 2. 
Duration (A), timing (B), setting of administration of first opioid (C), and nonopioid 

administration (D) among opioid-naive patients who received opioids in the hospital, by 

admission type.

Patterns of opioid administration reported for 92 433 stays during which ≥1 opioid was 

administered and that met all other study inclusion criteria. ED = emergency department; 

ICU = intensive care unit; PACU = postanesthesia care unit.
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