
 

 

 

 

 

 

 

 

An evaluation of the effect of the OxyContin
®
 reformulation on unintentional fatal and non-fatal 

overdose 

Authors: Daniel C. Beachler
a
, Kelsey Hall

a
, Renu Garg

a
, Geetanjoli Banerjee

a
, Ling Li

a
, Luke Boulanger

b
 

Huseyin Yuce
c
, Alexander M Walker

d
 

a. Safety & Epidemiology, HealthCore Inc., 123 Justison St., Suite 200, Wilmington, DE 19801, b. IBM 

Watson Health, 550 King St., Littleton, MA 01460, c. New For City College of Technology, The City 

University of New York, Department of Mathematics, 300 Jay Street, Brooklyn, NY 11201, d. World 

Health Information Science Consultants, 3 Allied Drive, Suite 303, Dedham, MA 02026 

Corresponding Author: Daniel C. Beachler; dbeachler@healthcore.com; 123 Justison St., Suite 200, 

Wilmington, DE, 19081 

Acknowledgments 

We acknowledge Nianya Liu and Shiva Krishna Vojjala (HealthCore) for programming support, and 

Mark Paullin (HealthCore) for operational support of the validation study. Sulena Shrestha, Li Wang, and 

Lu Li formerly of STATinMED who were involved of the Medicaid database related analyses. Rachelle 

The Clinical Journal of Pain Publish Ahead of Print
DOI:10.1097/AJP.0000000000001034

ACCEPTED

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article 
 distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives  
License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly 
cited. The work cannot be changed in any way or used commercially without permission from the journal.

Mac007209
Stamp



Rodriguez and Stacy Baldridge of Purdue Pharma L.P., also provided advice on the research. We also 

acknowledge former Purdue Pharma L.P. researchers who had a role in the early study conceptualization 

and design aspects. 

Role of Funding Source 

This work was supported by Purdue Pharma L.P.; HealthCore Inc., STATinMED Research, IBM Watson 

Health, and World Health Information Science Consultants (WHISCON) received funding from Purdue 

Pharma L.P. to conduct this study and for the development of this manuscript. This underlying study was 

an FDA-mandated Post Market Requirement (PMR) study presented at the “Joint Meeting of the Drug 

Safety and Risk Management Advisory Committee (DSaRM) and the Anesthetic and Analgesic Drug 

Products Advisory Committee (AADPAC)” on September 10th to 11th 2020.
1
 

  

ACCEPTED

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article 
 distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives  
License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly 
cited. The work cannot be changed in any way or used commercially without permission from the journal.



Abstract 

Objectives: OxyContin
®
 was reformulated with a polyethylene oxide matrix in August 2010 to reduce the 

potential for intravenous abuse and for abuse by insufflation. The objective of this study was to evaluate 

the impact of OxyContin’s reformulation on overdose risk for individuals dispensed OxyContin in 

comparison to those dispensed other opioids under regular care. 

Methods: Three national insurance databases with National Death Index linkage identified OD in 

individuals with any dispensing of OxyContin or a primary comparator opioid (ER morphine, transdermal 

fentanyl, or methadone) between July 2008 through September 2015. A difference-in-differences design 

was used to compare the pre-post reformulation changes in OD rates for OxyContin versus comparators. 

Results: 297,836 individuals were dispensed OxyContin and 659,673 individuals were dispensed a 

primary comparator across the three databases. Overall, there was little or no difference in the temporal 

change in OD incidence in comparators versus OxyContin (Medicaid: adjusted ratio-of-rate-ratios 

(aRoRs) ranging from 0.90 to 1.05; MarketScan/HIRD: aRoR ranging from 1.10 to 1.22).  However, 

restriction to person-time without concomitant opioid use revealed a modestly greater reduction in OD 

incidence over time during OxyContin use, as the aRoRs comparing the primary comparators to 

OxyContin ranged from 1.06 to 1.30 in Medicaid and from 1.64 to 1.85 in MarketScan/HIRD. 

Discussion:  This study did not detect an overall effect of the OxyContin reformulation on OD in insured 

patients under regular medical care. There is a suggestion of a modestly reduced OxyContin-associated 

OD risk following the reformulation but only in commercially-insured individuals receiving single-opioid 

regimens. 
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1. Introduction 

Misuse and abuse of prescription opioids are serious public health problems and place a significant 

burden on national health systems. OxyContin
®
 is a commonly used extended-release (ER) oral tablet 

formulation of oxycodone hydrochloride. Although the original formulation of OxyContin was intended 

to be taken orally intact (i.e., swallowing the tablet whole), similar to other opioids, it was possible to 

manipulate the original formulation of OxyContin for misuse and abuse to engage in unapproved routes 

of administration (e.g., chewing, crushing/swallowing, insufflation [snorting], intravenous injection).
2-4

 

In 2010, the United States (US) Food and Drug Administration (FDA) approved an abuse-deterrent 

formulation (ADF) of OxyContin tablets intended to reduce misuse and abuse of OxyContin and their 

consequences, including overdose and death. OxyContin was reformulated with a polyethylene oxide 

matrix which hardens tablets and resists syringe aspiration and subsequent injection. Reformulated 

OxyContin became commercially available on August 9, 2010, and, in consultation with FDA, 

shipments of the original formulation ceased that same month. There was no notification to the 

general public or prescribers, and no modification in price. By December 2010 and December 2011, 

90% and 99%, respectively, of OxyContin prescriptions dispensed were for reformulated OxyContin. 

In 2013, FDA approved new labeling of OxyContin describing abuse-deterrent properties (ADP), 

based on evidence generated from in-vitro studies and short-term clinical trials regarding abuse.
5-7

 

However, there have been no long-term randomized trials examining the effect of reformulated 

OxyContin on abuse of OxyContin and related outcomes. As a condition of approval,
8
 FDA required 

a post-marketing epidemiology program for reformulated OxyContin, including this study.
1
 

Several prior publications have assessed the impact of the OxyContin reformulation in the US 
9-19

 

including studies that used claims data which suggested a decline in OxyContin utilization after the 

reformulation.
17, 18

 One of the studies suggested a decline in the rate of overdose due to prescription 

opioids after the reformulated OxyContin entered the market,
18

 but did not attempt to identify which 
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specific opioid product(s) had been dispensed prior to each overdose. It is possible that overall 

estimates could miss or misstate effects in patients specifically dispensed OxyContin. Overall 

changes in the incidence of overdose may have been impacted by co-varying temporal factors 

causally unrelated to the OxyContin reformulation. 

To date, there had been no direct evaluation of the impact of OxyContin’s reformulation on overdose 

risk for individuals dispensed OxyContin in comparison to those dispensed other opioids. In this 

study, we utilized three large administrative claims databases to evaluate and compare unintentional 

fatal and non-fatal overdose (OD) rates among patients dispensed OxyContin or comparator opioids. 

2. Materials and Methods: 

2.1 Study Population and Design 

This study included the national Medicaid database and two national commercial claims databases (IBM 

MarketScan Commercial and Medicare Supplemental Claims and Encounters database (MarketScan) and 

the HealthCore Integrated Research Database (HIRD)). The Medicaid database, Medicaid Analytic 

eXtract (MAX), covers all 50 states and Washington DC through 2012. The Medicaid population was 

restricted to treatment episodes that were from fee-for-service (FFS) or comprehensive managed care 

(CMC) plans in which the combined state, year, and basis of eligibility (BOE) group demonstrated 

research usability (i.e., continuity and connectivity between data elements following criteria defined by Li 

et al.).
20

 MarketScan collects data from employers and health plans. The HIRD includes health plan 

members insured through Anthem. Each database was restricted to populations that were linkable to the 

National Death Index (NDI), a central computerized index of death record information derived from state 

vital statistics data.
21, 22

 For inclusion into this study, individuals were required to be aged 16-74 years 

(16-64 years in Medicaid) and have >3 months continuous health plan enrollment prior to eligible opioid 

dispensings. 
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The study design was a retrospective cohort study comparing rates of OD before and after the OxyContin 

reformulation in users of OxyContin and in contemporaneous users of comparator opioids. The study 

period ranged from July 1, 2008 to June 30, 2010 as the pre-reformulation period (pre-period), and 

January 1, 2011 to September 30, 2015 for the post-reformulation period for the commercial databases 

and through December 31, 2012 for Medicaid (post-period) (Supplemental Figure 1, Supplemental Digital 

Content 1, http://links.lww.com/CJP/A873). The main analyses excluded a transition period of July 1, 

2010 to December 31, 2010 when both the original and reformulated versions of OxyContin were likely 

used. Analyses included all users (new and prevalent) and separately restricted to new users which 

allowed for the application of the new user design. We compared the five-year post-period to the two-year 

pre-period for the main analyses in the commercial insurance databases, and a two-year post-period and 

two-year pre-period in Medicaid due to the unavailability of more recent data (Supplemental Figure 1, 

Supplemental Digital Content 1, http://links.lww.com/CJP/A873). 

2.2 Exposures 

The primary exposure evaluated in this study was OxyContin. The primary comparator opioids were ER 

morphine, transdermal (TD) fentanyl, and methadone tablets/capsules, selected due to similarities with 

OxyContin in labeled indications, long marketing histories, and large, stable market shares throughout the 

study period. Secondary comparator opioids consisted of single-entity ER oxymorphone, IR oxycodone 

tablets, and IR hydromorphone tablets. Evidence showed that these products were the most preferred 

alternatives for abuse among prescription opioids during the time of decreasing popularity of OxyContin 

after it was reformulated.
12

 

The analytic datasets were constructed using treatment episodes, with time-dependent covariates 

evaluated at the beginning of each treatment episode. Individuals were considered exposed to OxyContin 

and comparator opioids beginning on the day of dispensing and continuing through the days’ supply of 

the drug plus an extension period of half of the days’ supply. A treatment episode ended if there was one 

or more days of discontinuity between dispensings, and was censored if an individual discontinued any of 
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the opioids that defined the episode, initiated another study opioid, had an OD, died, terminated their 

health insurance coverage, or reached the end of the pre-period, transition period, or study period. Thus, if 

two study opioids were dispensed within days of each other, the treatment episode for the first study 

opioid was terminated on the day of the dispensing of the second study opioid, and a new treatment 

episode was created at the dispensing of the second study opioid. If an individual obtained a new 

dispensing of an opioid agent prior to exhausting the days’ supply of a prior dispensing of that agent, we 

assumed that medication was taken starting on the day of the pharmacy dispensing. 

Exposure for each treatment episode was classified in subcategories including “any use” of the drug (i.e., 

with or without concomitant opioid use) and “only use” of the drug (i.e., without concomitant opioid use). 

An example of treatment episode construction and exposure groups is provided in Supplemental Figure 2, 

Supplemental Digital Content 1, http://links.lww.com/CJP/A873. “Only use” treatment episodes 

represented approximately one third of the “any use” person-time. For comparative analyses with the 

primary comparators, we excluded treatment episodes with concomitant use of two or more primary 

comparators, or OxyContin with a primary comparator. 

New (i.e., incident) use was assessed for each treatment episode and defined as having had no recorded 

dispensing of any opioid study drug in the three months prior to the start of the treatment episode. This 

new use treatment episode plus any adjacent, continuous treatment episodes for that study drug comprised 

an incident use episode. An individual could have multiple incident use treatment episodes in the study if 

more than one treatment episode met the incident use criteria. 

2.3 Outcomes 

The primary outcome was unintentional fatal or non-fatal unintentional OD. Opioid overdose was defined 

using a previously validated algorithm that uses the diagnostic codes associated with services in US 

health insurance data 
23, 24

 for events resulting in health services (both fatal and nonfatal). Further 

identification of fatal OD employed linkage to the US NDI. A patient was classified as having 
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experienced an overdose event if they had at least one overdose related ICD-9 and ICD-10 code (provided 

in Supplemental Table 1, Supplemental Digital Content 1, http://links.lww.com/CJP/A873) in any 

position or setting.  Events were restricted to those not classified as intentional (defined via codes for 

suicide and other correlated factors) 
23, 24

 and those that occurred during a treatment episode. 

Validation of non-fatal (insurance claims-based) OD was conducted through medical record review for 

159 cases in the HIRD. Standardized data collection techniques were used to abstract information from 

the medical records including medical history and treatment of the possible overdose event. Results from 

this validation study were similar to the previous validation studies of Green et al. 
23, 24

Among the 159 

code-defined ODs, 135 (positive predictive value (PPV)=85%) were confirmed on chart review (47 

intentional and 88 unintentional). The algorithm to detect intentionality had lower accuracy than the 

overall OD algorithm (PPV=69%), but a high sensitivity (98%). This suggests that a sizeable subset of 

intentional ODs were classified as unintentional with the unintentional OD algorithm. Additional methods 

and results for the validation study are further described in our prior publication. 
25

 

2.4 Covariates 

Demographic characteristics, clinical characteristics, and other comorbidities and conditions noted in 

Supplemental Table 2, Supplemental Digital Content 1, http://links.lww.com/CJP/A873 were assessed in 

claims for each treatment episode during a three- or six- month lookback period prior to each treatment 

episode, except certain demographic characteristics which were assessed on the index date. Evaluation at 

each treatment episode allowed for the ability to account for potential time-varying confounding. 

2.5 Statistical Analyses 

Poisson regression models, which model log-linear relationships for rates, were used to calculate 

incidence rates (IRs) and all comparison measures for OxyContin and comparator opioid groups. Since 

only the numerator of a rate (the number of events) is random, the dependent variable for each treatment 

category was the logarithm of the number of events. The logarithm of the denominator (person-time) was 
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introduced into the model as an offset. The regression models were carried out using repeated-measures 

Generalized Estimating Equations (GEE) with sandwich variance estimators and with independent 

covariance matrices for repeated observations due to multiple treatment episodes per patient. 

Approximately 10% of patients with an OD had multiple, distinct ODs during follow-up of the study. A 

time-varying covariate term for “prior OD event” was introduced to account for the most substantial 

source of within-person correlation. 

Incidence rate ratios (IRRs) compared IRs between OxyContin and comparator groups within the pre- and 

post- reformulation time periods. For pre-post comparisons, analyses were conducted in three ways in 

each database: (1) unadjusted for covariates, (2) adjusted for possibly time-varying covariates, and (3) 

adjusted for possibly time-varying covariates as well as other baseline characteristics via propensity score 

weighting in a new-user cohort. 

Post- versus pre- reformulation rate ratios (RRs) were calculated for OxyContin and each of the 

comparator opioid groups. To compare pre-post reformulation changes in overdose rates (i.e., the RRs) 

for OxyContin and for comparator opioids, this study utilized a difference-in-differences design 

(implemented here as ratios-of-rate-ratios (RoRs)). Rate ratios and RoRs were also adjusted for baseline 

demographic and clinical covariates provided in Supplemental Table 2, Supplemental Digital Content 1, 

http://links.lww.com/CJP/A873 using the Poisson regression models with GEE. 

Adjusted RRs and RoRs were determined in the new user cohort using propensity score weighting (via 

inverse probability of treatment weighting) to match the covariate distributions of the pre- and post-

reformulation cohorts. The aim was to weight the post-reformulation group to match the covariate 

structure of the pre-reformulation group in regard to demographic and clinical characteristics, in addition 

to other comorbidities and conditions. For OxyContin and each of the comparator opioids propensity 

scores were derived using logistic regression to estimate the fitted probability that a given incident use 

treatment episode with a specified set of covariates was from the pre-reformulation period as opposed to 
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the post-reformulation period. Propensity scores outside the range of overlap between the two time 

periods (pre- and post-reformulation) were trimmed. 

Sensitivity analyses included examination of the main results stratified by incident versus prevalent 

opioid use, fatal versus non-fatal overdose status, and intentional versus unintentional overdose status. We 

also examined results restricting the post-period to three years in the commercial databases, and 

stratifying results by CMC versus FFS status in the Medicaid database. Analyses were conducted by 

HealthCore, IBM, and STATinMED using SAS. 

Results from the two commercial databases (HIRD and MarketScan) were additionally pooled using 

random-effects meta-analysis.
26-28

 The Medicaid population was not included in the pooling given a priori 

differences in this population (e.g., lower social economic status). 

2.6 Human Subjects 

Institutional Review Board (IRB) approval was obtained for each site prior to NDI linkage and for 

conducting the validation of the algorithm for OD in the HIRD. No individual-level data were shared with 

the study sponsor. 

3. Results: 

3.1 Study Population 

This study included 94,445 Medicaid patients, 122,254 MarketScan patients, and 81,137 HIRD patients 

who were dispensed OxyContin, and 367,814 Medicaid patients, 181,240 MarketScan patients, and 

110,619 HIRD patients dispensed at least one of the primary comparator opioids. Exposed person-time 

per patient in each of the databases ranged from six to ten months (Table 1). The dose of the dispensed 

OxyContin was 40 mg or more in 54% of Medicaid patients, 20% of MarketScan patients, and 36% of 

HIRD patients. Much of the use of OxyContin and primary comparator was concomitant with other 

opioids such as IR oxycodone or other non-primary or secondary opioids (Table 1). Patient characteristics 

ACCEPTED

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article 
 distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives  
License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly 
cited. The work cannot be changed in any way or used commercially without permission from the journal.



were largely similar between OxyContin treatment episodes and primary comparator opioid treatment 

episodes, with a few notable differences including a higher proportion of females and patients with certain 

pain disorders (abdominal, chronic, and neuropathic) among primary comparator opioid treatment 

episodes compared to OxyContin treatment episodes. Each of these personal characteristics included in 

the analysis had modest or no association with subsequent overdose risk (all IRRs<2 and >0.5). By 

contrast, having experienced a prior overdose was strongly associated with a subsequent overdose 

(IRRs>14 in each database; results available upon request). 

3.2 Incidence of OD during OxyContin use 

The IR for OD during OxyContin treatment episodes varied by database between 0.8 (MarketScan) and 

1.6 (Medicaid) per 1,000 person-months and was lower than the IR during comparator opioid use, which 

varied between 0.9 and 2.9 per 1,000 person-months (Table 2 and Figure 1). Over 80% of ODs were non-

fatal for both OxyContin and comparator opioids. In each database, the IR for OD during any-use 

OxyContin exposure time declined from pre- to post-reformulation (Medicaid: post-period versus pre-

period adjusted rate ratio [aRR]=0.93, 95% confidence interval [CI]=0.83-1.04; MarketScan/HIRD: 

aRR=0.86, 95%CI=0.75-1.00; Supplemental Table 3, Supplemental Digital Content 1, 

http://links.lww.com/CJP/A873). For the any-use analysis, these comparisons permitted concurrent 

dispensing of Schedule II opioids (other than the comparators). The decline in the IR for OD over time 

was more pronounced during use of OxyContin when it was dispensed with no other concurrent Schedule 

II opioid (Medicaid: aRR=0.80, 95% CI=0.63-1.01; MarketScan/HIRD: aRR=0.57, 95%CI=0.42-0.77; 

Figure 2 and Supplemental Table 3, Supplemental Digital Content 1, http://links.lww.com/CJP/A873). 

3.3 OxyContin versus Primary Comparators 

For “any use” exposures, the post- versus pre-reformulation RRs of OD were similar for OxyContin and 

each of the primary comparators (Figure 3). In Medicaid, the crude RoRs measuring the post- versus pre-

reformulation RRs for comparator versus OxyContin ranged from 0.89 to 1.04, with the adjusted RoRs 
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(aRoRs) ranging from 0.90 to 1.05 (Figure 3; aRoR>1 means that the pre-post decline was greater during 

use of OxyContin than during use of the comparator). In the pooled MarketScan/HIRD results, the RoRs 

ranged from 1.13 and 1.26 comparing the pre-post trend in each comparator to OxyContin, with the 

aRoRs ranging from 1.10 to 1.22 (Figure 3). In the “only-use” comparisons, which were restricted to 

person-time exposed only to OxyContin or only to a single primary comparator, there was evidence of 

trends in OD incidence in the pre- to post-reformulation periods that were more favorable for OxyContin 

versus the primary comparators in the commercial databases (Medicaid: aRoRs ranged from 1.06 to 1.30 

comparing primary comparators to OxyContin; MarketScan/HIRD: aRoRs ranged from 1.64 to 1.85 

comparing the primary comparators to OxyContin; Figure 3). 

3.4 OxyContin versus Secondary Comparators 

Results were largely similar to the primary-comparator analysis for OxyContin versus the secondary 

comparators. There was a lack of an association when comparing any use, but there was evidence of 

lower risk of OD during OxyContin only use than comparator only use, particularly in the commercial 

databases (Table 3). There were differences between the two commercial databases. In the HIRD, there 

were relatively similar patterns in OD during any OxyContin use, while there was a stronger decline in 

the OD rate during OxyContin only use than during secondary comparator only use (Table 3). In 

MarketScan, there was evidence of a stronger decline for OxyContin in the OD rate over time than those 

observed in the HIRD for both analyses (any use and only use; Table 3). The pooled aRoR results for any 

use of each of the three secondary comparators relative to any use of OxyContin ranged from 1.42 to 

1.74. The pooled aRoRs for only use of each of the three secondary comparators relative to OxyContin 

only ranged from 1.43 to 2.91 (data available upon request). 

3.5 Sensitivity Analyses 

Results were largely similar in sensitivity analyses. Results were similar when stratified by prevalent 

versus incident use, by fatal versus non-fatal OD, by intentional versus unintentional OD, and when 

restricting the post-period in commercial databases to three years (data available upon request). In the 
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Medicaid database, results appeared modestly different by FFS/CMC status. A decline in the overdose 

rate during any use of OxyContin in the pre- to post-period was observed in the FFS population 

(aRR=0.81, 95%CI=0.69-0.95), but no change was observed in the CMC population (aRR=1.10, 

95%CI=0.92-1.31). The estimates for the aRoRs were also often slightly different by population, as the 

OD comparing any TD fentanyl to any OxyContin was 1.28 (95%CI=1.03-1.59) in the FFS population, 

and 0.84 (95%CI=0.66-1.07) in the CMC population. 

4. Discussion: 

The 2010 reformulation of OxyContin to a product with physicochemical barriers to deter injection or 

insufflation was not associated with a decline in the incidence of OD in OxyContin users beyond what 

might have been expected from secular trends seen in comparator opioids. However, when analyses were 

restricted to person-time during which there was no use of concomitant opioids, in the commercially-

insured databases, the OxyContin reformulation was modestly associated with a decline in OD rates 

during OxyContin only use as compared to during the use of comparators. This decline was not seen 

among the Medicaid population in this study, generally, a higher risk population for opioid misuse and 

abuse.
29

 

While this study noted a modest decline in the OD rate over time during any OxyContin use and a lower 

rate of OD during any OxyContin use than any comparator use, in most of the analyses, the reformulation 

appeared to have had minimal impact on the rate of OD among insured patients receiving medical care 

and dispensed OxyContin. The lack of an effect among individuals using multiple opioids concomitantly 

may be because the reformulated OxyContin was intended to deter abuse of OxyContin (i.e., not other 

opioids). 

The analyses that focused on OxyContin use without concomitant opioids (i.e., “OxyContin only”), which 

represented approximately one-third of the person-time in the overall analyses, showed a decline in the 

incidence of OD in the post-reformulation period in comparison to the pre-reformulation period in the 
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commercially-insured databases. Comparisons to the primary and secondary comparator opioids without 

concomitant opioids supported the hypothesis of improvement among OxyContin recipients (i.e., greater 

reduction in OD rates over time). The decline may suggest that the reformulation could represent a barrier 

to injecting or snorting OxyContin (as suggested in other treatment and poison center studies), (FDA, 

2020) but not a barrier to overdosing from poly-opioid use involving oral OxyContin. Thus, the 

reformulation may only have a measurable effect among OxyContin use without concomitant opioids in 

certain populations. Alternatively, persons using one opioid may tend to misuse or abuse only that drug. 

Thus, the direct effect of the OxyContin reformulation may be to drive people who misuse or abuse 

opioids to request another opioid in the place of OxyContin, or to request supplementary opioids given 

that the reformulation was not intended to treat opioid addiction. Either scenario would result in a decline 

in the OD rate during OxyContin usage after the reformulation. 

In this study of insured, largely middle-aged patients in active medical treatment with opioids, the 

incidence of OD was between 1.0 and 2.0 non-fatal ODs per 1,000 person-months (i.e., 1,200 to 2,400 

non-fatal ODs per 100,000 person-years), and between 0.1 and 0.4 fatal ODs per 1,000 person-months 

(i.e. 120 to 480 fatal ODs per 100,000 person-years). As expected, these OD IRs are considerably higher 

than the general US population (~5 fatal ODs from prescription opioids per 100,000 person-years) 
30

, but 

are likely significantly lower than the fatal OD rates seen among patients who misuse or abuse opioids 

and those with opioid use disorder.
31

 Medical monitoring in this study’s population may have limited or 

prevented the emergence of prescription opioid misuse or abuse, or resulted in early treatment of misuse 

or abuse if it occurred. This study was unable to identify opioids obtained outside of insurance claims 

(e.g. cash only payments). 

There are a few limitations to this study. Misclassification of the exposure or outcome could bias results 

of this study. This study used a previously validated algorithm for OD, 
23, 24

 and results from the 

validation study in the HIRD suggest that this algorithm may be transportable to at least some of this 

study’s populations, but somewhat limited in the accuracy of intentionality of the overdose. Given its 
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observational nature, this study is also prone to confounding and there was potential for channeling of 

individuals in either direction. While higher risk individuals may have initiated/switched to other opioids 

after the OxyContin reformulation, it is also possible that individuals at higher risk of OD may have been 

channeled to ADFs during the post-period, as doctors and other prescribers may have become aware of 

the presence and potential value of the ADF. However, the results for the unadjusted, covariate adjusted, 

and propensity-score weighted models were all relatively similar in this study, and this overall lack of 

impact of the covariate control is consistent with small or absent changes in the covariates within study 

drug use categories; at most, there was a modest effect of each of the covariates on the OD outcome 

(other than recent history of OD, which was strongly associated with the outcome). Although, it should be 

noted that not all potential important confounders could be directly measured in this study. For example, 

while we included opioid abuse/dependence from claims diagnoses in propensity score-weighted models, 

we were unable to directly measure opioid misuse or abuse or the predilection to misuse or abuse opioids 

or other substances. Given that the association between misuse or abuse and OD may be large, modest 

differences between exposure categories could have an impact of inferences even if misuse or abuse were 

relatively uncommon in these populations receiving active medical care.
29, 32

 It should also be noted that 

this study was restricted to individuals dispensed opioids while in active medical care and may not fully 

capture those at greatest risk of OD from illicit use.
33

 Finally, despite the size of the study and robustness 

of the sample, power was still limited for some sub-populations. 

This study also had a number of strengths. It included three large administrative claims databases tracked 

longitudinally with a high degree of certainty for the opioid exposures and linkage to NDI to ascertain 

fatal outcomes. The opioid(s) dispensed to the individual overlapping with the OD is identified from 

prescription claims database records, rather than relying on respondents’ self-report such as in-drug 

treatment center studies. Additionally, while there were likely other ongoing secular trends and policies 

during the study period that could have impacted opioid use and OD incidence, this study utilized 

contemporaneous opioid comparators, the difference-in-differences design, regression adjustment, 
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propensity score weighting, and numerous sensitivity analyses aiming to address confounding and other 

biases. 

5. Conclusions: 

The results of this study of individuals medically treated with opioids suggest that for any use of 

OxyContin or of comparator opioids there was little or no change in the rate of OD following the 

reformulation of OxyContin, although there was a suggestion in commercially-insured individuals 

receiving single-opioid regimens of a reduced OxyContin-associated OD risk following the reformulation 

in commercially-insured individuals. However, this was not seen among the Medicaid population 

captured in this study. 
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Figure 1: Incidence rates of unintentional fatal or non-fatal opioid overdose (OD) in the post and 

pre reformulation period during “any use” of OxyContin and the primary comparators 

Abbreviations: OD=opioid overdose; ER= extended-release; TD=transdermal; HIRD=HealthCore Integrated Research Database. 

Any Use – Concurrent use of opioids other than the study drugs was permitted. 

Figure 2: Incidence rates of unintentional fatal or non-fatal opioid overdose (OD) in the post and 

pre reformulation period during “only use” of OxyContin and the primary comparators 

Abbreviations: OD=opioid overdose; ER= extended-release; TD=transdermal; HIRD=HealthCore Integrated Research Database. 

Only Use – No concurrent use of any opioid. 

Figure 3: Adjusted ratio of rate ratios (aRoRs) comparing the rate ratio of unintentional opioid 

overdose (OD) in the post versus (versus) pre reformulation period for primary comparators to the 

rate ratio of unintentional OD in the post versus pre-reformulation period for OxyContin 

Abbreviations: ER=extended-release; TD=transdermal; OD=opioid overdose. 

Any Use – Concurrent use of opioids other than the study drugs was permitted. 

Only Use – No concurrent use of any opioid. 
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Table 1: Demographic and clinical characteristics summary of OxyContin and primary comparator 

opioid use in the Medicaid, MarketScan and HIRD databases 

Variable Value 

Any OxyContin Use* 

Any Primary Comparator Opioid 

Use^ 

Medicaid MarketScan HIRD Medicaid MarketScan HIRD 

Patients  94,445 122,254 81,137 367,814 181,240 110,619 

Total person-time 

per patient in 

months 

Mean (SD) 7.8 (10.0) 6.0 (10.3) 6.1 (11.4) 8.1 (10.3) 8.0 (11.9) 9.5 (13.9) 

Treatment 

Episodes 

 522,775 561,703 378,441 2,039,232 975,389 654,462 

Gender 

Female 

295,875 

(56.6%) 

285,366 

(50.8%) 

189,986 

(50.2%) 

1,241,520 

(60.9%) 

560,051 

(57.4%) 

382,769 

(58.5%) 

Male 

226,900 

(43.4%) 

276,337 

(49.2%) 

188,455 

(49.8%) 

797,712 

(39.1%) 

415,338 

(42.6%) 

271,693 

(41.5%) 

Age (years) Mean (SD) 46.7 (10.5) 53.1 (12.0) 51.4 (12.2) 

46.9 

(10.6) 

54.6 (11.6) 53.4 (11.9) 

DCI Mean (SD) 2.0 (2.8) 2.0 (3.1) 1.7 (2.8) 2.0 (2.8) 2.4 (3.3) 2.0 (3.0) 

Comparator use, 

any, n (%) 

ER Morphine 0 (0%) 0 (0%) 0 (0%) 

964, 343 

(47.3%) 

383,442 

(39.3%) 

252, 960 

(38.7%) 

TD Fentanyl 0 (0%) 0 (0%) 0 (0%) 

564,161 

(27.7%) 

441,383 

(45.3%) 

272,898 

(41.7%) 

Methadone 0 (0%) 0 (0%) 0 (0%) 

510,728 

(25.1%) 

150,564 

(15.4%) 

128,604 

(19.7%) 
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Variable Value 

Any OxyContin Use* 

Any Primary Comparator Opioid 

Use^ 

Medicaid MarketScan HIRD Medicaid MarketScan HIRD 

IR oxycodone 

133,497 

(25.5%) 

148, 267 

(26.4%) 

96,452 

(25.5%) 

290,641 

(14.3%) 

122,702 

(12.6%) 

89,639 

(13.7%) 

IR 

hydromorphone 

29, 378 

(5.6%) 

24,217 

(4.3%) 

17,397 

(4.6%) 

137,657 

(6.8%) 

67,264 

(6.9%) 

46,086 

(7.0%) 

ER oxymorphone 

4,937 

(0.9%) 

5,769 (1.0%) 

3,602 

(1.0%) 

14,035 

(0.7%) 

10,630 

(1.1%) 

6,200 

(0.9%) 

Other Opioid use 

(non 

primary/secondary 

comparators 

 

210,501 

(40.3%) 

229,127 

(40.8%) 

153,387 

(40.5%) 

924,121 

(45.3%) 

451,161 

(46.3%) 

290,985 

(44.5%) 

Clinical and co-

morbidity 

characteristics° 

Abdominal Pain 

99,797 

(19.1%) 

80,535 

(14.3%) 

55,554 

(14.7%) 

436,472 

(21.4%) 

179,919 

(18.4%) 

120,612 

(18.4%) 

Chronic pain 

104,311 

(20.0%) 

65,463 

(11.7%) 

63,456 

(16.8%) 

427,644 

(21.0%) 

143,661 

(14.7%) 

138,170 

(21.1%) 

Neuropathic pain 

16,857 

(3.2%) 

14,164 

(2.5%) 

10,627 

(2.8%) 

70,734 

(3.5%) 

32,678 

(3.4%) 

26,043 

(4.0%) 

COPD 

102,942 

(19.7%) 

64,556 

(11.5%) 

49,926 

(13.2%) 

401,863 

(19.7%) 

129,161 

(13.2%) 

104,775 

(16.0%) 

Major depression 

disorder 

88,372 

(16.9%) 

62,556 

(11.1%) 

58,692 

(15.5%) 

378,331 

(18.6%) 

128,661 

(13.2%) 

119,470 

(18.3%) 

History of 

overdose 

2,657 (0.5%) 1,428 (0.3%) 

1,110 

(0.3%) 

15,485 

(0.8%) 

3,801 (0.4%) 

3,160 

(0.5%) 

Opioid type 

dependence 

30,472 

(5.8%) 

9,560 (1.7%) 

11,343 

(3.0%) 

119,537 

(5.9%) 

18,777 

(1.9%) 

23,706 

(3.6%) 
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Variable Value 

Any OxyContin Use* 

Any Primary Comparator Opioid 

Use^ 

Medicaid MarketScan HIRD Medicaid MarketScan HIRD 

Non-opioid drug 

dependence 

32,589 

(6.2%) 

7,963 (1.4%) 

8,840 

(2.3%) 

119,625 

(5.9%) 

15,083 

(1.5%) 

19,215 

(2.9%) 

Benzodiazepines° 

97,110 

(18.6%) 

86,631 

(15.4%) 

60,818 

(16.1%) 

368,051 

(18.1%) 

154,579 

(15.8%) 

109,074 

(16.7%) 

Abbreviations: COPD=Chronic Obstructive Pulmonary Disease DCI=Deyo-Charlson Index; ER=extended release; HIRD=HealthCore 

Integrated Research Database; IR=immediate release; SD=standard deviation; TD=transdermal. 

Frequency (percent) presented unless otherwise specified 

*Any use of OxyContin excluding concomitant primary comparator opioid use. 

^Any use of any of the primary comparators (ER morphine, TD fentanyl, or methadone) excluding concomitant OxyContin or 

other primary comparator use. 

°Each of the clinical and co-morbidity characteristics listed used a three-month lookback period prior to each treatment episode 

for their calculation, except for the comparator use, other opioid use and benzodiazepines which were measured during the 
treatment episodes. 
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Table 2. Incidence rates (IRs) of unintentional fatal or non-fatal opioid overdose (OD) among any 

OxyContin and any primary comparator opioid (non-overlapping)^ use two years before and five 

years after the reformulation by database 

Unintentional Fatal or Non-

Fatal Opioid Overdose 

Period 

Patient

s 

Overdose

s 

Person

-

month

s 

IR per 

1,000 

person

-

month

s 

IRR 

(Comp / 

OxyContin

) 

Medicaid* 

OxyContin Pre 54,855 630 

384,41

7 

1.64 - 

ER morphine Pre 98,795 1,352 

581,04

5 

2.33 1.42 

TD fentanyl Pre 59,597 780 

337,17

9 

2.31 1.41 

Methadone Pre 55,930 1,201 

421,75

5 

2.85 1.74 

 

OxyContin Post* 53,161 569 

349,89

9 

1.63 - 

ER morphine Post* 

132,90

2 

1,794 

803,82

2 

2.23 1.37 

TD fentanyl Post* 62,377 860 

359,08

3 

2.40 1.47 
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Methadone Post* 60,932 1,205 

477,53

8 

2.52 1.55 

MarketScan 

OxyContin Pre 51,027 212 

268,47

6 

0.79 -- 

ER morphine Pre 34,180 185 

190,89

1 

0.97 1.23 

TD fentanyl Pre 37,991 194 

216,44

0 

0.90 1.14 

Methadone Pre 13,262 100 

102,96

5 

0.97 1.23 

 

OxyContin Post 82,797 344 

459,90

7 

0.75 -- 

ER morphine Post 60,206 407 

378,94

8 

1.07 1.44 

TD fentanyl Post 57,861 404 

373,61

2 

1.08 1.45 

Methadone Post 18,396 209 

177,85

7 

1.18 1.57 

HIRD 

     

 

OxyContin Pre 34,740 156 

176,14

5 

0.89 -- 

ER morphine Pre 19,523 128 

121,08

9 

1.06 1.19 

TD fentanyl Pre 21,992 151 

132,25

4 

1.14 1.29 
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Methadone Pre 10,859 95 86,429 1.10 1.24 

 

OxyContin Post 53,217 256 

314,89

9 

0.81 -- 

ER morphine Post 37,153 302 

293,75

6 

1.03 1.26 

TD fentanyl Post 31,662 277 

250,06

0 

1.11 1.36 

Methadone Post 14,943 209 

169,02

2 

1.24 1.52 

Abbreviations: HIRD=HealthCore Integrated Research Database®; IR=incidence rate; IRR=incidence rate ratio; ER=extended-

release; OD=overdose; TD=transdermal. 

*A post period of 2 years was used for the Medicaid database instead of a 5 year post period. 

^Treatment episodes that had overlapping use of more than one of the primary comparators or OxyContin at the same time were 

excluded. 
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Table 3: Rate ratios of unintentional fatal or non-fatal overdose (OD) among OxyContin and 

secondary comparator opioid use before and after the reformulation, by database 

 

Rate Ratio for Post- versus Pre-

Reformulation Periods 

Ratio of Rate Ratios for 

Comparator Opioids versus 

OxyContin 

 

Adjusted Rate Ratio 

95% 

LCL 

95% 

UCL 

Adjusted Ratio 

of Rate Ratios 

95% 

LCL 

95% 

UCL 

Medicaid 

      

Any non-overlapping use^ 

OxyContin 0.85 0.73 0.98 Ref - - 

ER Oxymorphone 1.06 0.81 1.38 1.25 0.92 1.69 

IR oxycodone SE 0.92 0.83 1.01 1.08 0.9 1.29 

IR hydromorphone 0.90 0.76 1.07 1.06 0.85 1.33 

Use without concomitant opioids (“Only use”) 

OxyContin 0.80 0.63 1.01 Ref - - 

ER oxymorphone 1.01 0.66 1.54 1.27 0.79 2.06 

IR oxycodone SE 0.94 0.83 1.05 1.18 0.90 1.53 

IR Hydromorphone 1.00 0.80 1.25 1.26 0.91 1.74 

MarketScan 

      Any non-overlapping use^ 

OxyContin 0.69 0.55 0.86 Ref - - 

ER oxymorphone 1.74 0.94 3.24 2.54 1.31 4.92 

IR oxycodone SE 1.20 0.94 1.54 1.75 1.26 2.44 

IR hydromorphone 1.03 0.72 1.47 1.50 0.99 2.29 
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Use without concomitant opioids (“Only use”) 

OxyContin 0.64 0.44 0.94 Ref - - 

ER oxymorphone 2.76 0.84 9.08 4.30 1.23 15.04 

IR oxycodone SE 1.29 0.96 1.73 2.01 1.24 3.25 

IR hydromorphone 0.83 0.54 1.25 1.29 0.73 2.26 

HIRD 

      Any non-overlapping use^ 

OxyContin 0.59 0.44 0.80 Ref - - 

ER oxymorphone 0.72 0.41 1.26 1.21 0.64 2.28 

IR oxycodone SE 0.98 0.71 1.35 1.65 1.07 2.53 

IR hydromorphone 0.78 0.53 1.16 1.32 0.81 2.14 

Use without concomitant opioids (“Only use”) 

OxyContin 0.48 0.30 0.78 Ref - - 

ER oxymorphone 1.00 0.35 2.87 2.08 0.65 6.66 

IR oxycodone SE 1.00 0.68 1.48 2.09 1.13 3.84 

IR hydromorphone 0.80 0.49 1.28 1.66 0.86 3.19 

Abbreviations: ER=extended release; HIRD=HealthCore Integrated Research Database; IR=immediate release; LCL=lower 

confidence limit; SE=single entity; UCL=upper confidence limit. 

^Treatment episodes that had overlapping use of more than one secondary comparator or any primary comparators or OxyContin 

at the same time were excluded. 
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Supplemental Figure 1. Timeline of reformulated OxyContin launch and eligibility 

 

 

*The primary post-reformulation period extends from January 1, 2011 to December 31, 2012 for the Medicaid data. 
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Supplemental Table 1: ICD-9 and ICD-10 codes used in the algorithm to find opioid overdoses^ 

 

  

 

ICD-

9 

Code 

ICD-

10 

Code 

Poisoning by opium (alkaloids) unspecified 

965.0

0 

 

Poisoning by heroin 

965.0

1 

 

Poisoning by methadone 

965.0

2 

 

Poisoning by other opiates and related narcotics 

965.0

9 

 

Accidental poisoning by heroin 

E850

.0 

 

Accidental poisoning by methadone 

E850

.1 

 

Accidental poisoning by other opiates and related narcotics 

E850

.2 

 COD: Poisoning by opiates and related narcotics 9650 

 

COD: Poisoning by opium 

 

T40.

0* 

COD: Poisoning by heroin 

 

T40.

1 

COD: Poisoning by other opioids 

 

T40.

2* 

COD: Poisoning by methadone 

 

T40.

3* 

COD: Poisoning by other synthetic narcotic 

 

T40.

4* 

COD: Accidental poisoning by and exposure to narcotics and psychodysleptics, not 

elsewhere classified 

 

X42 

COD: Intentional self-poisoning by and exposure to narcotics and psychodysleptics, not 

elsewhere classified* 

 

X62 

COD: Undetermined poisoning by and exposure to narcotics and psychodysleptics, not 

elsewhere classified 

 

Y12 

   ^Of note, in 2010 categories X40 to X49, X60 to X69, and Y10 to Y19 in the ICD-10-CM codes were 

deactivated with notation to see T36 to T65 with the fifth or sixth character for replacement . Thus, the 

codes in categories T36-T65 are combination codes that include the substance that was taken as well as 

the intent. No additional external cause code is required for poisoning, toxic effects, adverse effects, and 

underdosing codes. 

*All codes are included within these categories except for four following "underdosing" codes: T40.0X6 

(Underdosing of opium), T40.2X6 (Underdosing of other opioid), T40.3X6 (Underdosing of methadone), 

or T40.4X6 (Underdosing of other synthetic narcotics) 
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Supplemental Table 2. Covariates included in this study 

Group Definition 

Demographic characteristics 

 Age* 

 Gender* 

 Geographic region (commercial databases)* 

 United States (US) state (Medicaid database)* 

 Calendar year of index date 

 Plan type (Health Maintenance Organization [HMO], preferred 

provider organization [PPO], consumer driver health insurance 

[CDHP]/high deductible health plan [HDHP])* 

 Medicaid coverage type (fee-for-service [FFS], managed care 

[CMC])* 

 Medicaid basis of eligibility (basis of eligibility [BOE]) group 

(disabled, adult)* 

Clinical characteristics 

 Abdominal pain* 

 Amputation* 

 Arthritis, arthropathies, osteoarthritis, and musculoskeletal 

pain* 

 Back pain* 

 Chronic pain* 

 Fibromyalgia* 

 Headache* 

 Malignancy* 

 Multiple sclerosis* 
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 Neuropathic pain* 

 Peripheral vascular disease* 

 Stroke* 

 Liver disease* 

 Renal disease* 

 Chronic Obstructive Pulmonary Disease (COPD*) 

 Impaired respiratory function* 

Co-morbidities 

 Deyo-Charlson-comorbidity index* 

 History of overdose/poisoning* 

 Alcoholism^ 

 Generalized anxiety disorder^ 

 Attention deficit hyperactive disorder (ADHD)^ 

 Bipolar disorder^ 

 Major depressive disorder^ 

 History of attempted suicide^ 

 Post-traumatic stress disorder^ 

 Sleep disorder^ 

 Somatoform disorder^ 

 Opioid type dependence^ 

 Non-opioid type dependence^ 

 Borderline personality disorder^ 

 All-cause office visits in last six months^ 

 All cause emergency department visits in last six months^ 

 All cause hospitalizations in last six months^ 
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 Distinct medication classes in last six months^ 

Opioid use and other 

characteristics 

 Prior use of opioid analgesic (none, extended-release [ER] 

opioid only, immediate-release [IR] opioid only, ER + IR 

opioids)* 

 Prior use of Tramadol (ER or IR)^ 

 Time since last opioid analgesic 

 Type of ER opioid analgesic used during episode 

 Use of Buprenorphine delivery system 

 Duration of opioid analgesic(s) use during treatment episode 

 Number of different opioid study drugs 

 Concurrent use of opioid maintenance therapy medications 

(Suboxone, Subutex, solutions of methadone) 

 Concurrent use of benzodiazepines 

 Concurrent use of barbiturates 

 Concurrent use of sleep medications 

 Concurrent use of amphetamines 

 Concurrent use of methylphenidate 

 Concurrent use of dextromethorphan 

 Concurrent use of muscle relaxants 

 Number of prescribers of IR or ER opioid analgesics 

 Number of pharmacies where IR or ER opioid was obtained 

 Prescribing physician specialty 

*Variable included in regression adjusted and propensity score adjusted models 

^Variable included only in propensity score adjusted models. 
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Supplemental Figure 2: Patient A's opioid treatment episodes from January 2009 until May 2010. Health 

plan coverage started 01 January 2009 

Study 

Drug Type 

January 2009 February 2009 March 2009 April 2009 May 2009 

OxyContin OxyContin 1/9-1/31 

  

92 Day Gap 

Primary 

Comparator  

ER Morphine 1/20-1/31 

  

Secondary 

Comparator   

IR Oxycodone 1/27-2/7 

Treatment 

Episode 

1 2 3 4 

Treatment Episode 1 (1/9-1/19): Any Oxy use; Oxy w/o CO; Any Oxy; No new use. 

Treatment Episode 2
a
 (1/20-1/26): Any Oxy use; Oxy w/ CO; No new use. 

Treatment Episode 3
a
 (1/27-1/31): Any Oxy use; Oxy w/ CO; No new use. 

Treatment Episode 4 (2/1-2/7): Any SC; SC w/o CO; No new use. 

       

 

       May 2009 June 2009  July 2009 August 2009 September 2009 

  

     

 

       

 ER Morphine 5/27-7/17 

      

ACCEPTED

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article 
 distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives  
License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly 
cited. The work cannot be changed in any way or used commercially without permission from the journal.



 

  

  

 OxyContin 6/19-8/2 

  

OxyContin 8/15-9/6 

  

    

 TD Fentanyl 7/4-8/10 

    

  

     

 

    

ER Morphine 8/15-9/6 

 

5 

  

6  7 8 9 

 

10 

 Treatment Episode 5
b
 (5/27-6/18): Any PC; PC w/o CO; New use ER Morphine. 

 Treatment Episode 6
a
 (6/19-7/3): Any Oxy use; Oxy w/ CO; New use ER morphine. 

 Treatment Episode 7
a
 (7/4-7/17): Any Oxy use; Oxy w/ CO; New use ER morphine. 

 Treatment Episode 8
a
 (7/18-8/2): Any Oxy use; Oxy w/ CO; No new use. 

 Treatment Episode 9 (8/3-8/10): Any PC; PC w/o CO; No new use. 

 Treatment Episode 10
a,c

 (8/15-9/6): Any Oxy use; Oxy w/ CO; New use ER morphine. 

September 2009 October 2009 November 2009 December 2009 January 2010 

ER Morphine 9/7-11/3 

       

   

OxyContin 10/7-11/20 

      

     

Other opioids 10/28/2009-1/1/2010 

11 12 13 14 15 

Treatment Episode 11 (9/7-10/6): Any PC; PC w/o CO; New use ER Morphine. 

Treatment Episode 12
a
 (10/7-10/27): Any Oxy use; Oxy w/ CO; New use ER morphine. 

Treatment Episode 13
a
 (10/28-11/3): Any Oxy use; Oxy w/ CO; New use ER morphine. 

Treatment Episode 14 (11/4-11/20): Any Oxy use; Any Oxy; Oxy w/o CO; No new use. 

 

January 2010 February 2010 March 2010 April 2010 May 2010 
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Abbreviations: ER=extended release; IR=immediate release; oxy= OxyContin; CO=comparator opioid; PO=primary objective; 

PC=primary comparator; SC=secondary comparator; N/A= not applicable 

a. Treatment episode not included in PO's 2 and 3 because of concomitant OxyContin and primary comparator use. 

b. Treatment episode is new use for ER morphine because patient A did not have any dispensings for OxyContin, primary, or 

secondary comparator opioids in the 92 days prior. 

c. Treatment episode remains a new use episode for ER morphine because the gap between previous treatment episode with new 

use ER morphine and this treatment episode is <30 days (also known as the 30 days extension period). 

d. Treatment episode is an “other ER or IR opioid”. It is not OxyContin, a primary comparator, or secondary comparator. 

  

Other Opioids 1/1/2010-2/15/2010 

         

      

ER Oxymorphone 3/1-6/30 

15 

 

16 

Treatment Episode 15
d
 (11/21/2009-2/15/2010): N/A 

Treatment Episode 16 (3/1-6/30): Any SC; SC w/o CO; New use ER oxymorphone. 
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Supplemental Table 3: Changes in the rates of unintentional fatal or non-fatal overdose (OD) 

among OxyContin users from 2008-2015 

 

Pre-Period Post-Period 

Pre-Period 

[REF] vs. 

Post Period 

 

N 

Pa

tie

nts 

N 

C

as

es 

Pe

rs

on

-

m

on

th

s 

Ra

te 

pe

r 

10

00 

p-

mo

nt

hs° 

N 

Pa

tie

nts 

N 

C

as

es 

Pe

rs

on

-

m

on

th

s 

Ra

te 

pe

r 
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Adj
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ed* 

Rat

e 

Rat

io° 

9

5

%

 

L

C

L 

9

5

%

 

U

C

L 

Medicaid: Incident and Prevalent (Two 

years before compared to Two years after 

reformulation) 

           

Any use of OxyContin (used alone or with 

other opioids concomitantly) 

57,

15

6 

7

3

3 

41

47

93 

1.7

7 

55,

24

2 

6

4

2 

37

37

66 

1.7

2 

0.9

3 

0.

8

3 

1.

0

4 

Use of only OxyContin (without the use of 

other opioids) 

37,

60

9 

2

1

3 

14

31

56 

1.4

9 

32,

46

4 

1

1

1 

92

07

9 

1.2

1 

0.8

0 

0.

6

3 

1.

0

1 
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MarketScan: Incident and Prevalent (Two 

years before compared to Five years after 

reformulation) 

           

Any use of OxyContin (used alone or with 

other opioids concomitantly) 

52,

55

8 

2

5

3 

28

55

65 

0.8

9 

85,

02

8 

4

0

6 

48

47

05 

0.8

4 

0.8

8 

0.

7

4 

1.

0

5 

Use of only OxyContin (without the use of 

other opioids) 

34,

45

7 

5

6 

97

45

4 

0.5

7 

52,

61

7 

5

6 

14

08

26 

0.4

0 

0.6

4 

0.

4

3 

0.

9

4 

HIRD: Incident and Prevalent (Two years 

before compared to Five years after 

reformulation) 

           

Any use of OxyContin (used alone or with 

other opioids concomitantly) 

35,

75

8 

1

9

6 

18

82

19 

1.0

4 

54,

41

1 

3

0

6 

33

18

23 

0.9

2 

0.8

3 

0.

6

4 

1.

0

8 

Use of only OxyContin (without the use of 

other opioids) 

23,

63

5 

5

7 

63

95

9 

0.8

9 

34,

72

8 

4

1 

90

14

2 

0.4

5 

0.4

8 

0.

3

0 

0.

7

8 

Pooled Commercial Results: Incident and 

Prevalent (Two years before compared to 

Five years after reformulation) 

           

Any use of OxyContin (used alone or with 

other opioids concomitantly) 

        

0.8

6 

0.

7

5 

1.

0

0 

Use of only OxyContin (without the use of 

        

0.5 0. 0.
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other opioids) 7 4

2 

7

7 

Abbreviations: N=number; p=person; LCL=lower confidence interval; UCL=upper confidence interval. 

*Models adjusted for demographics and clinical characteristics. 

°Calculated using Proc Genmod in SAS, accounting for repeated observations due to multiple treatment episodes per patient. 
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