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ABSTRACT

Aim To establish and quantify the association between abuse-deterrent formulation (ADF) oxycodone and 1-year risk of
opioid-related harm. Design Propensity score-matched cohort study of electronic medical records for years 201418,
with patients followed up for 1 year after their index health-care visit. Setting More than 70 million patients from 56
US health-care organizations. Participants Patients aged 18-64 years at index health-care visit with any indication
for an oral opioid analgesic, with no past 12-month history of oral oxycodone use or substance use disorder, and who were
alive at the end of the 1-year follow-up (new episode of prescription oral ADF oxycodone [OxyContin], n = 45 045; new
episode of non-ADF oxycodone opioid preparation, n = 1377 359). Measurements International Classification of
Diseases diagnoses of any opioid-related disorder or non-fatal opioid poisoning within 1 year of the index health-care visit.
Pooled odds ratios (OR) with 95% confidence intervals (95% CI). Findings ~ After propensity score matching, 89 802 pa-
tients with a mean age of 44 [standard deviation (SD) = 11] years (62% women, 68% white) were included. During 1-year
follow-up, 1445 diagnoses of opioid use disorder or opioid poisoning occurred in the ADF oxycodone cohort (34.8/1000
person-years) and 765 occurred in the non-ADF oxycodone cohort (18.2/1000 person-years). The odds of opioid-related
adverse outcomes were increased in the ADF oxycodone cohort compared with the non-ADF oxycodone opioid cohort, in-
cluding for opioid use disorders (OR = 2.02; 95% CI = 1.83, 2.23) and opioid poisoning (OR = 1.64 95% CI = 1.35, 1.99).
Conclusions Patients with a new prescription of abuse-deterrent formulation oxycodone may be at increased risk of
opioid-related harm.
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INTRODUCTION

Opioids are widely misused, and there is a complex inter-
play between use of prescription opioids and illicit opioids
[1,2]. For example, it has been suggested that prescription
opioids can act as a gateway to illicit opioids such as heroin
and fentanyl [3]. Therefore, both medical and non-medical
use of opioids contribute to the substantial public health
burden arising from high opioid availability.

According to global estimates, nearly 110 000 people
died from an opioid overdose, and approximately 40.5 mil-
lion were dependent on opioids in 2017 [4]. The United
States has the highest availability of opioid analgesics and
the highest rate of opioid-related deaths of Organization
for Economic Co-operation and Development (OECD)
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countries [5,6]. In 2016, the rate of opioid-related deaths
in the United States was five times higher than the OECD
average (13.1 versus 2.6 per 100 000 population, respec-
tively). Furthermore, of the 92 million US individuals who
used prescription opioids in 2016, 2.1 million (2.3%) met
the criteria of an opioid use disorder [7].

To address the high opioid-related public health
burden, pharmaceutical
abuse-deterrent formulations of opioid analgesics (ADFs)

companies have developed
[8]. One such Food and Drug Administration-approved opi-
oid is a re-formulation of the extended-release oral oxyco-
done product OxyContin. Some studies have reported
that the introduction of ADF OxyContin was associated
with a decline in OxyContin abuse potential and lower
rates of OxyContin-specific abuse and overdose mortality
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[8-10]. However, there is currently very limited evidence
available on the real-world net effectiveness of ADF opioid
analgesics in reducing the substantial morbidity and mor-
tality related to opioid misuse. By using retrospective longi-
tudinal data available on more than 70 million US patients
with linked data on electronic medical records and phar-
macy data on dispensed prescription medicines, we have
examined and quantified the association between a new
episode of prescription ADF oxycodone (OxyContin) and
1-year risk of opioid use disorder and opioid overdose in a
large sample of patients treated with oral oxycodone.

METHODS
Data

We used the TriNetX (TriNetX Inc., Cambridge, MA
02140, USA) proprietary patient repository and analytics
platform to identify eligible patients between years 2014
and 2018 [11]. The TriNetX platform provided access to
de-identified aggregate-level information on electronic
health-care records (EHRs, including diagnoses, medical
procedures and dispensed medications) of more than
70 million patients from 56 major US health-care organi-
zations (HCOs). These HCOs are typically large academic
medical centres that provide a range of health-care ser-
vices, ranging from emergency, outpatient and inpatient
care and including primary and preventative care, second-
ary and tertiary services. A single HCO typically has more
than one facility, including main and satellite hospitals and
outpatient clinics, and EHR data from all facilities within
an HCO are available on the TriNetX platform. The EHR
data available captures any care that a patient receives
during a visit to a centre within the HCO, as well as any
follow-up care that occurs at the same organization or
any of its partner institutions. Because the data provided
are EHR data, patients are included regardless of insurance
status, including government-provided insurance, private
insurance or uninsured patients. The quality of TriNetX
data is ensured by and evaluated against pre-specified
quality standards [12]. Data were accessed via the TriNetX
website and analysed in September 2020 by using the
TriNetX built-in query builder. All data processing was
conducted using the TriNetX built-in proprietary algo-
rithms. As a federated network, TriNetX received a waiver
from the Western Institutional Review Board, because
only de-identified aggregated-level information is received
from the participating HCOs. All diagnoses were identified
using the International Classification of Diseases (ICD),
10th revision, clinical modification (ICD-10-CM) codes,
medical procedures using the ICD-10 Procedure Coding
System (ICD-10-PCS) and dispensed outpatient prescrip-
tion medications using the RxNorm codes (Supporting in-
formation, Table S1).
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Design

The TriNetX analytics platform included a relatively large
number of patients prescribed with opioid analgesics,
which allowed us to study rare opioid-related outcomes.
Patients were eligible if they were aged 18—64 years, had
not used prescription oxycodone opioids during the past
12 months before index visit (new oxycodone episode),
did not have a diagnosis for substance use disorder other
than nicotine dependence during the past 12 months be-
fore the index visit and were alive for the subsequent
12 months after the index visit. The ADF oxycodone prep-
aration included in this study was OxyContin and the
non-ADF oxycodone opioid cohort consisted of patients
who were prescribed either generic oxycodone or any of
the following oxycodone brands Endocet, Oxaydo,
Percocet, Roxicet or Roxicodone. These oxycodone prepa-
rations represented more than 90% of all identified oxyco-
done preparations in the data. We did not include
discontinued opioid preparations or opioids prescribed to
a small number of patients. All dispensed prescriptions
were for outpatients, and patients with missing informa-
tion were excluded from the analysis.

We divided the 5-year study period, from 1 January
2014 to 31 December 2018, into five separate consecutive
1-year blocks based on calendar time to partially control
for potential unmeasured confounding by cohort and pe-
riod effects in opioid prescribing and associated factors. El-
igible patients were identified independently within each
calendar year, and cohorts were defined and propensity
score-matched separately for each calendar year block. Pa-
tients were followed-up for 12 months after their index
visit.

We identified a total of 1422 404 patients, of whom
45 045 were eligible for the ADF oxycodone cohort and
1377359 for the non-ADF oxycodone cohort. Before
matching, patients in the ADF oxycodone cohort were,
on average, older, had more often a history of substance
use disorders or overdose by opioids or psycholeptics (hallu-
cinogens) beyond the past 12 months before index visit, di-
agnoses of diseases of the musculoskeletal system and
connective tissue, neoplasms, mood disorders, external
causes of injury, long-term use of opiate analgesics, clini-
cally managed pain conditions, any type of surgery, had a
history of prescription opioid analgesics, naloxone, benzodi-
azepines, gabapentin or pregabalin than patients in the
non-ADF oxycodone cohort (Supporting information,
Table S2).

Propensity score matching

To balance the cohorts at baseline, we conducted propen-
sity score matching for sex, age, race and all the above co-
variates. The TriNetX built-in algorithm used a 1 : 1
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nearest-neighbour matching with a caliper of 0.1 standard
deviations (SDs). Of the patients in the ADF oxycodone co-
hort, 99.7% (n = 44901/45045) were successfully
matched with a patient in the non-ADF oxycodone cohort.
After matching, the two cohorts were successfully bal-
anced for all the covariates, i.e. all standard differences
were < 0.1 after propensity score-matching (Supporting
information, Table S2). The purpose of propensity
score-matching was to improve comparability of the treat-
ment (ADF oxycodone) and control (non-ADF oxycodone)
groups in relation to history of opioid exposure,
opioid-related harm and for various other measured pa-
tient characteristics that could otherwise bias the compar-
ison, including indications for prescribing opioid analgesics
(i.e. type and nature of pain). Opioid exposure was triangu-
lated by several diagnostic (ICD-10-CM) and medication
(RxNorm) codes used for reimbursement purposes. Use of
any prescription opioids was identified either by RxNorm
(RxClass) code CN101 for ‘opioid analgesics’ or ICD-10-
CM code 7Z79.891 for ‘long-term (current) use of opiate an-
algesics’: a code which can be assigned for patients contin-
uously using opioid analgesics as prescribed but without
signs or symptoms of misuse or addiction. We also matched
specifically for use of prescription fentanyl, because it is a
very high-potency opioid (RxCUI: 4337). For history of
opioid-related harm, we used ICD-10-CM codes for ‘opi-
oid-related disorders’ (F11.0-F11.9); for opioid poisoning/
overdose, we used opioid-specific codes from ‘poisoning
by, adverse effect of and underdosing of narcotics and
psychodysleptics (hallucinogens)’ (T40.0-T40.4, T40.6);
and an RxNorm code for naloxone (RxCUI: 7242), because
it is indicated for treating opioid overdose and can be pre-
scribed to individuals receiving high doses of opioids or
who are otherwise known to be at risk for opioid-related
harm.

Outcome measurement

Primary outcome measures were any opioid-related disor-
der (ICD-10-CM: F11.0-F11.9) and non-fatal opioid poi-
soning/overdose (ICD-10-CM: T40.0-T40.4, T40.6). We
included only incident outcomes for each primary out-
come, i.e. we included only patients who did not have a re-
corded history of the given outcome in their medical
records. We excluded deaths from the analyses because
we did not have information on causes of death, only infor-
mation whether the patient had died in a given year.

Additional analyses

In Table 2, we examined different outcomes: other sub-
stance use disorders (i.e. excluding opioid-related disor-
ders), alcoholic liver disease, major depressive disorder,
head injury, and acute hepatitis B or C. Additionally, to
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identify potential residual confounding, we included type
2 diabetes mellitus, chronic obstructive pulmonary disease
(COPD), and acute myocardial infarction as negative con-
trol outcomes. Furthermore, we conducted sensitivity
analyses by (Supporting
Table S3) to explore the potential effect of the study year,
timing of outcome measurement (Supporting information,

study year information,

Table S4) to explore how the timing of outcome measure-
ment affects the observed association, exposure to other
opioids (Supporting information, Table S5) to explore the
potential confounding by exposure to other opioids or
crossing over between ADF oxycodone and non-ADF oxy-
codone cohorts early on during follow-up, and strength of
oxycodone initially prescribed (Supporting information,
Table S6) to indirectly explore the potential confounding
by dose of oxycodone prescribed.

Statistical analysis

We calculated odds ratios (ORs) with 95% confidence in-
tervals (CIs) for each of the five baseline years separately
(2014-18) and used the Mantel-Haenszel method with
random effects to obtain a weighted pooled OR during
the 5-year study period. The analysis plan was not pre-
registered and therefore the findings could be considered
exploratory rather than confirmatory.

FINDINGS

After propensity score-matching, we included 89 802 pa-
tients. Of these patients, 62% were women, 68% white,
and their mean age was 44 years (SD = 11) at index visit
(Supporting information, Table S2). During the 1-year fol-
low-up, 1445 incident diagnoses of opioid use disorder or
opioid poisoning occurred in the ADF oxycodone cohort
(34.8/1000 person-years) and 765 occurred in the non-
ADF oxycodone cohort (18.2/1000 person-years). Overall,
patients in the ADF oxycodone cohort were approximately
twice as likely (OR =1.95;95% CI = 1.78, 2.13) to receive
a diagnosis for opioid use disorder or opioid poisoning
within a year of the initial prescription than patients in
the non-ADF oxycodone opioid cohort (Table 1). The odds
of all opioid-related outcomes were increased by at least
1.6-fold in the ADF oxycodone cohort compared to the
non-ADF oxycodone cohort, including for any opioid use
disorder (OR = 2.02; 95% CI = 1.83, 2.23) and non-fatal
opioid poisoning (OR = 1.64; 95% CI = 1.35, 1.99). Un-
matched models yielded comparable results, but with
higher ORs (Table 1).

Additional analyses showed that patients in the ADF
oxycodone cohort were not more likely to receive incident
diagnoses for various individual substance use disorder di-
agnoses, acute hepatitis B or C, alcoholic liver disease, head
injury or major depressive disorder during the 1-year
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Table 1 One-year incidence of outcomes directly attributable to opioid use before and after matching.

ADF oxycodone Non-ADF oxycodone

Patients  Cases IR/1000  Patients Cases IR/1000  OR 95% CI
Before matching
Opioid use disorder 42237 1201 28.4 1363000 11101 8.1 3.56  3.13,4.05
Opioid poisoning 44030 503 11.4 1370054 4467 3.3 3.51 2.85,4.32
Opioid use disorder or opioid poisoning 41 528 1455 35.0 1357054 14252 10.5 344  3.06,3.86
After matching
Opioid use disorder 42178 1189 28.2 42564 602 14.1 2.02 1.83,2.23
Opioid poisoning 43919 495 11.3 44 080 300 6.8 1.64 1.35,1.99
Opioid use disorder or opioid poisoning 41477 1445 34.8 42028 765 18.2 1.95 1.78,2.13

Pooled odds ratios (OR) with 95% confidence intervals (95% CI) and incidence rates (IR) per 1000 person-years for years 2014—18. Patients aged 18—64 years
at index visit and alive for 12 months after index visit. Cohorts matched for age at index visit; sex; race; substance use disorders; poisoning by, adverse effect of
and underdosing of narcotics and psychodysleptics (hallucinogens); mood disorders; diseases of the musculoskeletal system and connective tissue; neoplasms;
pain, not elsewhere classified; surgery; external causes of injury; use of opioid analgesics; long-term use of opiate analgesics; use of fentanyl; benzodiazepines;
gabapentin; pregabalin; naloxone. ADF = abuse-deterrent formulation.

Table 2 One-year incidence of comparative outcomes.

ADF oxycodone Non-ADF oxycodone

Patients Cases IR/1000 Patients Cases IR/1000 OR 95% CI
Other substance use disorders
Alcohol 42916 396 9.2 43177 465 10.8 0.86 0.75,0.98
Cannabis 43496 443 10.2 43713 394 9.0 1.13 0.97,1.32
Sedative, hypnotic or anxiolytic 44 540 139 3.1 44 588 109 2.4 1.28 0.99, 1.64
Cocaine 44434 127 2.8 44475 120 2.7 1.06 0.82,1.36
Other stimulants 44 504 136 3.0 44 545 141 3.2 0.96 0.67,1.39
Hallucinogens 44857 40 0.9 44 856 40 0.9 1.00 0.43, 2.30
Nicotine dependence 34611 1088 314 35413 1206 34.0 0.92 0.82, 1.02
Inhalants 44034 145 3.3 44117 114 2.6 1.21 0.90, 1.62
Other psychoactive substances 43315 483 11.1 43479 393 9.0 1.19 0.94, 1.49
Other outcomes potentially associated with opioid use
Acute hepatitis B or C 44702 52 1.2 44704 50 1.1 1.04 0.71,1.53
Alcoholic liver disease 44482 89 2.0 44 648 96 2.1 0.93 0.70, 1.24
Head injury 40941 977 239 39866 1011 253 0.94 0.83, 1.06
Major depressive disorder, single episode 36048 1700 47.1 37006 1628 44.0 1.09 0.96, 1.23
Negative control outcomes
Type 2 diabetes mellitus 38384 726 18.9 38761 778 20.1 0.94 0.85, 1.04
COPD 41883 560 13.4 42241 566 13.4 1.00 0.89,1.12
Acute myocardial infarction 44231 199 4.5 44097 201 4.6 0.99 0.81, 1.20

Pooled odds ratios (OR) with 95% confidence intervals (95% CI) and incidence rates (IR) per 1000 person-years for years 2014—18. Patients aged 18—64 years
at index visit and alive for 12 months after index visit. Cohorts matched for age at index visit; sex; race; substance use disorders; poisoning by, adverse effect of
and underdosing of narcotics and psychodysleptics (hallucinogens); mood disorders; diseases of the musculoskeletal system and connective tissue; neoplasms;
pain, not elsewhere classified; surgery; external causes of injury; use of opioid analgesics; long-term use of opiate analgesics; use of fentanyl; benzodiazepines;
gabapentin; pregabalin; naloxone. ADF = abuse-deterrent formulation; COPD = chronic obstructive pulmonary disease.

follow-up compared to patients in the non-ADF oxycodone
cohort. However, because the increased ORs for cannabis;
sedative, hypnotic or anxiolytics; inhalants, and other psy-
choactive substances were each borderline statistically sig-
nificant, we estimated a model where these outcomes were
combined. This combined outcome showed that patients in
the ADF oxycodone cohort had a higher odds of
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experiencing these outcomes than patients in the non-
ADF oxycodone cohort (OR = 1.19; 95% CI = 1.05,
1.34). No residual confounding was detected when we ex-
amined associations between ADF oxycodone and physical
health outcomes (i.e. the negative control outcomes), in-
cluding type 2 diabetes mellitus, chronic obstructive pul-
monary disease or acute myocardial infarction (Table 2).
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Sensitivity analyses showed that the ORs for
opioid-related outcomes were relatively homogeneous
across study years (Supporting information, Table S3), i.e.
no meaningful heterogeneity of effect was observed across
study years (e.g. for opioid poisoning, for which heteroge-
neity was largest, measures of heterogeneity were:
= 0.02; P = 42%; x* = 6.92, degrees of freedom = 4,
P = 0.14). Sensitivity analyses by timing of outcome mea-
surement showed that the ADF oxycodone cohort already
had significantly higher odds for opioid-related outcomes
1 month after the index visit, and that this difference
remained relatively constant over time until the end of
follow-up at 12 months after the index visit (Supporting
information, Table S4). Controlling for potential con-
founding by recent exposure to other opioids, by including
only patients who did not have prescriptions for any opioid
analgesics 6 months before the index visit and who did
not cross over from their initial oxycodone cohort (ADF
versus non-ADF) within 3 months of the index visit,
showed that patients in the ADF oxycodone cohort were
approximately three times as likely (OR = 2.96, 95%
CI = 2.46, 3.55) to experience opioid-related harm within
12 months compared to patients who were initially in the
non-ADF oxycodone cohort (Supporting information,
Table S5). Because a single dose of OxyContin of
> 40 mg strength is indicated only for patients with
established opioid tolerance, we excluded patients who
were initially prescribed with oxycodone preparations of
40-80 mg strength. These results showed that patients
in the ADF oxycodone (OxyContin) cohort were still ap-
proximately twice as likely to experience opioid-related
harm (OR = 1.86, 95% CI = 1.69, 2.03) compared to
patients in the non-ADF oxycodone cohort (Supporting
information, Table S6).

DISCUSSION

We examined the association between a new episode of
ADF oxycodone (OxyContin) prescription and opioid-
related harm over the subsequent year in 89 802 patients
aged 18-64 years in the US prescribed with oxycodone-
based opioids. Patients in the ADF oxycodone cohort were
significantly more likely to experience opioid-related inci-
dent harm within 12 months of the initial prescription
compared to patients with a new prescription of non-ADF
oxycodone opioids (34.8 versus 18.2 cases per 1000 per-
son-years, respectively). The results showed consistently
that patients prescribed with ADF oxycodone were approx-
imately twice as likely to experience opioid-related harm as
were patients in the non-ADF oxycodone cohort, when
taking into account various sources of confounding.
Despite previous research reporting that the introduction
of ADF oxycodone was associated with reduced rates of
oxycodone-specific abuse and mortality [8—10], our results
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show that patients with ADF oxycodone prescriptions were
not at reduced risk of opioid-related net harm. However, it
is possible that the observed association could, at least
partly, be explained by clinical selection into treatment
pathways rather than ADF oxycodone itself, i.e. that ADF
oxycodone (OxyContin) may have been prescribed more
frequently to high-risk patients. This initial safety signal
should be confirmed in other patient populations.

The 12-month incidence of opioid use disorder in our
data was 2.8% in the ADF oxycodone cohort and 1.4% in
the non-ADF oxycodone group. This finding is in line with
a recent meta-analysis which reported a pooled incidence
of 4.7% (95% CI = 2.1-10.4) among more than 310 000
patients using prescription opioids [13]. A previous study
of 2 million US adults who had a past-year opioid use disor-
der between years 2015 and 2017 showed that 75% of
these individuals had another co-occurring substance use
disorder, such as nicotine dependence, alcohol use disorder,
cannabis use disorder or a disorder related to the use of sed-
atives or hypnotics [14]. Furthermore, Blanco et al. found
that history of any other substance use disorder increased
the risk of opioid use disorder by threefold compared to
no history of substance use disorder [15], and Liang et al.
found that those who used cannabis for non-medical pur-
poses were 2.5-fold more likely to develop opioid use disor-
der compared to cannabis non-users [16]. We found that,
compared to patients in the non-ADF oxycodone cohort,
patients who were prescribed ADF oxycodone had more
frequently a history of substance use disorders. After
matching, these patients were not more likely to experi-
ence incident substance use related harm, other than re-
lated to opioid use, during the 1-year follow-up than
patients in the non-ADF oxycodone cohort when these di-
agnostic groups were analysed separately. However, a com-
bined outcome of substance use disorders for cannabis;
sedatives, hypnotics or anxiolytics; inhalants; and other
psychoactive substances showed that patients in the
ADF oxycodone cohort were more likely to experience
these incident outcomes. This finding is in line with the
previous research suggesting a generalized vulnerability
to substance use disorders among those experiencing
opioid-related harm [14-17].

Future research should aim to establish the underlying
mechanisms for our findings, but there are several poten-
tial explanations that should be considered. First, it is pos-
sible that in our data with real-world clinical selection to
treatment pathways, patients with known or suspected
risk of substance use disorders [18,19] may have been se-
lected to receive ADF oxycodone over other non-ADF oxy-
codone opioids because ADF oxycodone was assumed to
have a reduced risk of abuse. This interpretation seems
plausible, because we found that the odds of incident opioid
use disorder was already increased 1 month after index
visit and remained relatively constant over time until the
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end of follow-up. Second, ADF opioids can only deter spe-
cific routes of abuse (e.g. injecting or snorting) and high-
risk patients in the ADF oxycodone cohort may have
changed their route of abuse based on this information
[20,21]. Third, high-risk patients with drug-seeking be-
haviour in the ADF oxycodone cohort may have more fre-
quently moved to other opioids of abuse, including heroin
or fentanyl [20]. Fourth, the results may reflect the risk dif-
ference between extended- and immediate-release opioid
formulations [21]. All in all, however, our results show that
ADF oxycodone was initially prescribed more frequently to
patients with high underlying risk for opioid-related harm
than was non-ADF oxycodone. It is therefore important
to more clearly understand the actual clinical rationale
physicians use to prescribe ADF opioids.

Methodological considerations

Because we used retrospective data, we did not have con-
trol over treatment allocation. The results should thus be
replicated prospectively. We did not have information on
the primary opioid of abuse at the time of diagnosis, which
limits our interpretation on the role of specific opioids. We
did not have information on dose, duration of treatment
or adherence, which may have confounded the observed
associations. Given that only approximately one-third of
those with opioid use disorder manage to maintain
long-term abstinence [22], and that we did not have infor-
mation on lifetime prevalence of opioid use disorders, we
probably included a mix of patients with true incidence
events and those with more distal history of opioid use dis-
orders. Our results thus reflect both incident and relapse
cases. By matching for various indications of opioid analge-
sics we aimed to control for confounding by indication, but
it is possible that some residual confounding by indication
remained in the models because we did not have the diag-
noses for which the opioids were prescribed. We controlled
for history of substance use disorders and mental health,
but it is possible that there is residual confounding by un-
measured risk factors not captured by the covariates in-
cluded in the models. We were able to include a large
number of patients from various major US health-care or-
ganizations, but these HCOs cannot be considered as repre-
sentative of all US health-care organizations, and therefore
differences in factors such as patient characteristics, data
quality and treatment policies with opioid analgesics across
HCOs may have affected the results. Also, if patients re-
ceived treatment from HCOs not participating in the
TriNetX before or after the index visit, this may have intro-
duced bias due to misclassification in exposure status or
loss to follow-up for the outcomes. Because we used medi-
cal records to identify opioid-related outcomes, we only
identified patients receiving treatment for these conditions.
This has probably underestimated the number of patients
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experiencing the outcome. We focused upon new treat-
ment episodes with ADF oxycodone to reduce bias from ex-
posure to oxycodone before the index visit, but also because
the short-term abuse potential of ADF oxycodone prepara-
tion used in this study (OxyContin) has been widely
discussed in the literature [8—10]. Therefore, the associa-
tion may be different among patients with recent history
of oxycodone prescriptions. However, earlier research
among US patients on long-term opioid analgesic therapy
shows that patients rarely use immediate- and extended-
release opioid preparations concurrently or switch between
these two preparations over the course of a treatment pe-
riod [21]. This suggests that history of oxycodone prescrip-
tions is probably not a marked source of confounding in
this study. All in all, along with the study design used to
control for potential sources of bias (eligibility criteria and
propensity score matching), the observed association was
consistent and robust among the various additional analy-
ses, suggesting that the association was not markedly af-
fected by the sources of bias explored.

CONCLUSIONS

These results suggest that patients with a new prescription
of ADF oxycodone may be at increased risk of opioid-related
harm. In clinical practice, the term ‘abuse-deterrent’ could
be misleading in relation to actual risk of opioid-related
harm, and prescribing ADF opioids does not substitute for
the close monitoring of early signs of abuse among individ-
uals receiving these opioid preparations. Clinical guidelines
should be updated for recommendations on prescribing
ADF opioids [23,24]. Further research is warranted to in-
vestigate the mechanism of the observed association, and
to replicate these findings in other populations.

Declaration of interests

S.L. is an employee of TriNetX Inc. T.P, J.S., PD.Q. and S.E
have no competing interests to declare.

Acknowledgements

TP and SF were granted free access to the TriNetX Analyt-
ics network for the purposes of psychiatric research, and
with no constraints on the analyses performed or the deci-
sion to publish.

Author contributions

Tapio Paljarvi: Conceptualization; formal analysis; method-
ology. John Strang: Conceptualization; methodology.
Patrick Quinn: Conceptualization; methodology. Sierra
Luciano: Data curation; formal analysis; methodology; re-
sources; validation. Seena Fazel: Conceptualization;
funding acquisition; methodology; supervision.

Addiction, 116, 2409-2415



References

1.

vt

10.

11.

12.

13.

14.

16.

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction

Walley A. Y., Bernson D., Larochelle M. R., Green T. C., Young
L., Land T. The contribution of prescribed and illicit opioids to
fatal overdoses in Massachusetts, 2013-2015. Public Health
Rep 2019; 134: 667-74.

. Abbasi A. B., Salisbury-Afshar E., Berberet C. E., Layden J. E.,

Pho M. T. Opioid prescribing patterns before fatal opioid over-
dose. Am ] Prev Med 2020; 58: 250-3.

. Cicero T. J., Ellis M. S., Surratt H. L., Kurtz S. P. The changing

face of heroin use in the United States: a retrospective analysis
of the past 50 years. JAMA Psychiatry 2014; 71: 821-6.

. Degenhardt L., Grebely J., Stone J., Hickman M., Vickerman P,

Marshall B. D. L., et al. Global patterns of opioid use and de-
pendence: harms to populations, interventions, and future
action. Lancet 2019; 394: 1560-79.

. Organization for Economic Co-operation and Development

(OECD) Addressing Problematic Opioid Use in OECD Countries,
OECD Health Policy Studies. Paris: OECD Publishing; 2019.

. Gomes T., Tadrous M., Mamdani M. M., Paterson J. M.,

Juurlink D. N. The burden of opioid-related mortality in the
United States. JAMA 2018; 1: e180217.

. Chen Q., Larochelle M. R., Weaver D. T., Lietz A. P.,, Mueller P.

P, Mercaldo S., et al. Prevention of prescription opioid misuse
and projected overdose deaths in the United States. JAMA
2019; 2:e187621.

. Coplan P. M., Chilcoat H. D., Butler S. E, Sellers E. M., Kadakia

A., Harikrishnan V., et al. The effect of an abuse-deterrent opi-
oid formulation (OxyContin) on opioid abuse-related
outcomes in the postmarketing setting. Clin Pharmacol Ther
2016; 100: 275-86.

. Coplan P. M., Kale H., Sandstrom L., Landau C., Chilcoat H. D.

Changes in oxycodone and heroin exposures in the National
Poison Data System after introduction of extended-release
oxycodone with abuse-deterrent characteristics. Pharma-
coepidemiol Drug Saf 2013; 22: 1274-82.

Cheng H. G., Coplan P. M. Incidence of nonmedical use of
OxyContin and other prescription opioid pain relievers before
and after the introduction of OxyContin with abuse deterrent
properties. Postgrad Med 2018; 130: 568-74.

Stapff M., Hilderbrand S. First-line treatment of essential
hypertension: a real-world analysis across four antihy-
pertensive treatment classes. J Clin Hypertens 2019; 21:
627-34.

Topaloglu U., Palchuk M. B. Using a federated network of
real-world data to optimize clinical trials operations. JCO Clin
Cancer Inform 20181-10.

Higgins C., Smith B. H., Matthews K. Incidence of iatrogenic
opioid dependence or abuse in patients with pain who were
exposed to opioid analgesic therapy: a systematic review
and meta-analysis. Br ] Anaesth 2018; 120: 1335-44.

Jones C. M., McCance-Katz E. F. Co-occurring substance use
and mental disorders among adults with opioid use disorder.
Drug Alcohol Depend 2019; 197: 78-82.

. Blanco C., Volkow N. D. Management of opioid use disorder in

the USA: present status and future directions. Lancet 2019;
393: 1760-72.

Liang D., Wallace M. S., Shi Y. Medical and non-medical can-
nabis use and risk of prescription opioid use disorder: findings
from propensity score matching. Drug Alcohol Rev 2019; 38:
597-605.

ADF oxycodone and risk of opioid-related harm 2415

17. Quinn P. D., Fine K. L., Rickert M. E., Sujan A. C., Boersma
K., Chang Z., et al. Association of Opioid Prescription Initi-
ation during adolescence and young adulthood with
subsequent substance-related morbidity. JAMA Pediatr
2020. Available at: 174: 1048; https://doi.org/10.1001/
jamapediatrics.2020.2539

18. Larance B., Dobbins T., Peacock A., Ali R., Bruno R., Lintzeris
N., et al. The effect of a potentially tamper-resistant oxycodone
formulation on opioid use and harm: main findings of the Na-
tional Opioid Medications Abuse Deterrence (NOMAD) study.
Lancet Psychiatry 2018; 5: 155-66.

19. Cicero T. J., Ellis M. S., Kasper Z. A. A tale of 2 ADFs: differ-
ences in the effectiveness of abuse-deterrent formulations of
oxymorphone and oxycodone extended-release drugs. Pain
2016; 157: 1232-8.

20. Cicero T. J., Ellis M. S., Surratt H. L. Effect of abuse-deterrent
formulation of OxyContin. N Engl ] Med 2012; 367: 187-9.

21. HwangC.S., Kang E. M., Ding Y., Ocran-Appiah J., McAninch
J. K., Staffa J. A., et al. Patterns of immediate-release and
extended-release opioid analgesic use in the management of
chronic pain, 2003-2014. JAMA Netw Open 2018; 1:
e180216; https://doi.org/10.1001/jamanetworkopen.2018.
0216

22. Hser Y. I, Evans E., Grella C., Ling W.,, Anglin D. Long-term
course of opioid addiction. Harv Rev Psychiatry 2015; 23:
76-89.

23. Dowell D., Haegerich T. M., Chou R. CDC guideline for pre-
scribing opioids for chronic pain--United States, 2016. JAMA
2016; 315: 1624-45.

24. WoodE., Simel D. L., Klimas J. Pain management with opioids
in 2019-2020. JAMA 2019; 322: 1912-3.

Supporting Information

Additional supporting information may be found online in
the Supporting Information section at the end of the
article.

Table S1 Medical codes used in defining the cohorts, in pro-
pensity score matching, and in defining the outcomes.
Table S2 Characteristics of patients before and after
matching.

Table S3 One-year incidence of outcomes directly attribut-
able to opioid use by study year after matching.

Table S4 One-year incidence of outcomes directly attribut-
able to opioid use after matching, by timing of outcome
measurement.

Table S5 One-year incidence of outcomes directly attribut-
able to opioid use after matching. Patients who did not use
any opioid analgesics six months prior index visit and did
not cross over between cohorts for three months post index
visit.

Table S6 One-year incidence of outcomes directly attribut-
able to opioid use after matching for patients for whom the
strength of oxycodone initially prescribed at index visit was
less than 40 mg.

Addiction, 116, 2409-2415


https://doi.org/10.1001/jamapediatrics.2020.2539
https://doi.org/10.1001/jamapediatrics.2020.2539
https://doi.org/10.1001/jamanetworkopen.2018.0216
https://doi.org/10.1001/jamanetworkopen.2018.0216

