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Abstract

Objective. To assess changes in mortality rates in extended-release and long-acting (ER/LA) opioid analgesics after
the implementation of the Risk Evaluation and Mitigation Strategy (REMS). Setting. All drug poisoning deaths in
three states: Florida, Oregon, and Washington. Data were obtained through state vital records offices and the
Researched Abuse, Diversion and Addiction-Related Surveillance System Medical Examiner Program. Methods.
Using cause-of-death literal text from death certificates, individual opioid active pharmaceutical ingredients (APIs)
involved in each death were identified using rules-based natural language processing. Population-adjusted and pre-
scriptions dispensed—-adjusted mortality rates were calculated for all ER/LA opioid analgesic and individual opioid
APIs. Rates before and after implementation of the REMS were compared. Rate changes were compared with rates
from two APIs with little or no inclusion in the REMS: benzodiazepines and hydrocodone. Results. The mean ER/LA
opioid analgesic population-adjusted mortality rate significantly decreased in all three states (FL: P=0.003; OR:
P=0.003; WA: P<0.001). Mortality rates for benzodiazepines and hydrocodone also decreased and were not statisti-
cally different. Significant heterogeneity in mortality rates of individual opioids was observed between the three
states. When adjusted for prescription volume, the ER/LA opioid analgesic mortality rate decreased in all three
states, but was significant only for Washington (P < 0.001). Conclusions. The population-adjusted mortality rate of ER/
LA opioid analgesics has decreased in three states. Notably, the contributions to mortality rates by individual opioid
analgesics were not uniform across the three states in this study. However, these changes were not generally dis-
tinct from changes in mortality rates where comparator substances were involved.
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Introduction

The high rates of prescription opioid overdose and over-
prescribing [1,2], the substantial health burden caused by
abuse and misuse [3-6], and increasing mortality [7,8] in
the last 15 to 20years have been well documented.
Several contributing factors to the rise in opioid-related
poisoning deaths have been identified, such as increased
overall consumption of opioid analgesics, increased non-
medical use of these drugs, and their potential for abuse.
Opioid consumption rose during the 2000s [9,10], and
accidental opioid overdose is a known medical outcome
for addicted individuals [11]. In one study, substance
abuse indicators, such as an unintended route of adminis-
tration, were found to be present in a majority of uninten-
tional opioid-related deaths in West Virginia [12].
Similarly, another study showed that a majority of opioid
overdose deaths in Utah had relatives or friends who were
concerned about the decedent’s prescription opioid mis-
use [13]. A dose-dependent relationship between the dose
prescribed and mortality has been observed [14,15].

The Food and Drug Administration (FDA) has
attempted to curb the opioid epidemic through a Risk
Evaluation and Mitigation Strategy (REMS) for extended
release and long-acting (ER/LA) opioid analgesics, which
was approved by FDA in July 2012. This is one strategy
among several efforts to reduce the risk of abuse, misuse,
addiction, overdose, and death from prescription opioid
drug products. The specific goal of the REMS has been to
reduce serious adverse outcomes such as addiction, unin-
tentional overdose, and death resulting from inappropri-
ate prescribing, misuse, and abuse of ER/LA opioid
analgesics while maintaining patient access to pain medi-
cations. The primary element of the ER/LA REMS has
been to provide prescriber education and increase patient
awareness about safe opioid use [16]. The ER/LA REMS
consists of multiple elements, including a medication
guide, prescriber training, and patient counseling on safe
use, serious risks, storage, and disposal of ER/LA REMS
opioids. By the end of 2015, approximately 300,000 pre-
scribers and other health care practitioners had partici-
pated in REMS-compliant continuing education (CE)
activities, and approximately 122,000 completed all
components of an educational activity. The REMS edu-
cational programs were comprised of live and online ac-
tivities [17]. The REMS Program Companies had
awarded funding for accredited CE providers to adminis-
ter approximately 750 educational activities. These
accredited CE providers varied from academically affili-
ated institutions to professional or independent organiza-
tions. The duration of program lengths varied, but on
average took three hours to complete. Following the im-
plementation of the ER/LA REMS, a decrease was ob-
served in rates of misuse, intentional abuse, and major
medical outcomes [18].

The affected drugs are both branded and generic drug
products, including:

* extended-release, oral dosage forms containing hydrocodone,
hydromorphone, morphine, oxycodone, oxymorphone, or
tapentadol;

* fentanyl and buprenorphine-containing transdermal delivery
systems;

* methadone tablets and solutions that are indicated for use as
analgesics;

¢ extended-release hydrocodone (introduced to the market in
March 2014).

The value of the ER/LA REMS has been measured by
the impact the education has on prescribing practices and
patient outcomes, such as misuse, abuse, and emergency
room visits [17,18]. This study is a continuation of that
prior work, and here we evaluated the rates of opioid
mortality in three states before and after the initiation of
the ER/LA REMS program. The purpose was to assess
whether implementation of the REMS program is associ-
ated with changes in mortality. Changes are evaluated
for the entire group of ER/LA opioid analgesics and for
individual ~ substances  comprising  this  group.
Comparisons are made to two other drug groups.

Methods

Data Source

The Medical Examiner Program is part of the Researched
Abuse, Diversion and Addiction-Related Surveillance
(RADARS) System. The purpose of the RADARS System is
to provide timely surveillance data to meet the needs of phar-
maceutical companies, policy-makers, regulatory agencies,
medical/public health officials, and the general public in
addressing the concerns of prescription drug abuse, misuse,
and diversion. The Medical Examiner Program monitors
mortality trends from individual states. Data were obtained
from death indices in the states of Florida, Oregon, and
Washington directly from state vital statistics offices for the
period of third quarter 2010 through fourth quarter 2015.
Each state collects data using a standardized database and is
required to use the 10th revision of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10) codes for classification and processing of
death cases; however, the data variables collected and formats
used are not standardized across states. Physicians and medi-
cal examiners may list more than one disease, injury, contrib-
uting factor, or complication that caused the death. States
may have a medical examiner, a coroner, or a mixed system.
Florida and Oregon have medical examiner systems, and
Washington has a mixed system. These states were selected
for the high quality of the death records, the involvement of
certified medical examiners in review of death records, and
the availability of data. In alignment with Colorado Multiple
Institutional Review Board’s Policies and Procedures for the
Protection of Human Subjects, the Principal Investigator of
the Medical Examiner Program determined that analysis of
DIM data involves nonhuman subjects research, per 45 CFR
46.102(f) [2]. No data were obtained from living individuals.
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Identification of Drug Involvement and Target
Drug Groups

Each condition reported on the death certificate is assigned
a code based on the ICD-10. Following ICD-10 rules, one
of these conditions is selected as the underlying cause of
death, which is defined as “(a) the disease or injury which
initiated the train of morbid events leading directly to
death, or (b) the circumstances of the accident or violence
which produced the fatal injury.” Deaths assigned a drug
poisoning code as identified by the National Center for
Health Statistics (NCHS; i.e., X40-X44, X60-64, X85, and
Y10-14) were included in this analysis [7].

This study’s target drugs included the following pre-
scription opioids with ER/LA formulations: fentanyl,
hydromorphone, morphine, oxycodone, oxymorphone,
tapentadol, methadone, and buprenorphine. Deaths in-
volving any of these opioids were aggregated into a single
overall ER/LA opioid analgesics drug group. Subgroup
analyses assessing five opioids individually (fentanyl,
hydromorphone, morphine, oxycodone, and oxymor-
phone) were also conducted. Two comparators were used
to evaluate whether changes in mortality from drug prod-
ucts in the ER/LA opioid analgesics group were distinct
from secular trends in mortality due to other prescription
drugs. Deaths involving all formulations of hydrocodone
were used as a separate comparator group due to the lack
of the ER/LA formulation of hydrocodone before October
2013. The group of benzodiazepines served as a non-
opioid comparator drug class and included alprazolam,
chlordiazepoxide, clobazam, clonazepam, clorazepate, di-
azepam, estazolam, flurazepam, lorazepam, midazolam,
oxazepam, quazepam, temazepam, and triazolam.

A rules-based natural language processing method
was used to identify the active pharmaceutical ingredient
(API) named in a death. Standard cause of death (COD)
ICD-10 coding includes the identification of only two
specific opioid APIs: heroin (T40.1) and methadone
(T40.3). The COD literal text on the death certificate,
however, typically includes specific API information and
has recently been used for identification of APIs named
in death certificates [19,20]. A similar approach is used
here. The COD text from Box 32 and Box 43 from the
US standard death certificate was preprocessed using the
Google “Did You Mean” application programming in-
terface [21] to detect misspellings of common and more
technical words, such as drug APIs. Misspellings were
corrected, and API mentions were identified by searching
the corrected text for exact spellings of all APIs of inter-
est. A random subset of 300 deaths (100 from each state)
was given to a clinical toxicologist for manual review of
the identified APIs; she confirmed that all APIs in this
subset of cases were correctly identified with 100% sensi-
tivity and specificity relative to what was printed on the
death certificate. An API was considered involved in a
death if a spell-corrected APl was named in the COD
text. Sample size tables for the target drug groups and
comparators are provided in the Supplementary Data.

Statistical Analysis

The study was broken into three time periods. The first,
the pre-REMS implementation period, ranged from third
quarter 2010 through second quarter 2012. The second,
the transition period, ranged from third quarter 2012
through second quarter 2013. The third, the active
REMS period, ranged from third quarter 2013 through
fourth quarter 2015—the most recent quarter with fully
available data. Data from 2016 were not included due to
known limitations on the timeliness of death certificate
data from drug overdose deaths [22]. Deaths by drug
groups were aggregated quarterly for each state.

Two separate rate adjustments for this study were
considered: US population and number of prescriptions
dispensed. These adjustments scale the number of deaths
to a common denominator, and they are interpreted as
the number of deaths per 100,000 population and num-
ber of deaths per 10,000 prescriptions dispensed.
Quarterly population estimates were extrapolated from
yearly total state population data obtained from the US
Census website. Detailed quarterly data on the projected
number of prescriptions dispensed by drug, formulation,
and three-digit ZIP code were purchased from IQVIA
(Durham, NC, USA) from third quarter 2010 to fourth
quarter 2015. Data were aggregated to determine the to-
tal number of prescriptions dispensed separately for the
study group, subgroups, and comparator groups within
each state for each year-quarter during the study period.

Poisson regression was used to compare changes in
mortality rates at the year-quarter level between the pre-
implementation and active periods. The transition period
was excluded from the analysis to allow the REMS activ-
ities to take effect. Two fixed effects were included: time
period (pre-implementation and active) and drug group
(ER/LA opioid analgesics, benzodiazepines, and hydroco-
done). Also included was a residual-type (R-side) random
component with drug group-specific variances. A single
model was fit for the primary study group (ER/LA opioid
analgesics) and comparator groups, and separate models
were fit for each of the subgroups (fentanyl, hydromor-
phone, morphine, oxycodone, and oxymorphone) and
the comparators. Percent changes are calculated as the
rate ratio of the pre-implementation and active periods
minus 1. Percent changes <0% indicate decreasing
means, whereas percent changes >0% indicate increasing
means. An interaction term between the drug groups and
the periods was also included to estimate the difference
in percent change from the pre-implementation period to
the active period for the ER/LA opioid analgesics relative
to other comparator groups. Rate adjustment parameters
(i.e., population and number of prescriptions dispensed)
enter the model as offset terms.

Three hypotheses were tested within a single model,
and the population adjustment was considered the pri-
mary analysis. First, the mean rate of the ER/LA opioid
analgesics in the pre-implementation period is equal to
the mean rate for the active period. Second, the percent
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Table 1. Population-adjusted mortality rates for ER/LA opioid analgesics, benzodiazepines, and hydrocodone per 100,000

population
Pre-implementation  Active Period Active to Pre-implementation P Value for P Value

Drug Group Mean Mortality Mean Mortality % Change (95% CI) % Change for Interaction™
Florida

ER/LA opioid analgesics 1.68 1.36 -18.96% (-29.61% to —6.70%) 0.003

Benzodiazepines 0.92 0.65 -30.07% (-39.47% to -19.21%) <0.001 0.152

Hydrocodone 0.19 0.18 -5.31% (-21.70% to 14.52%) 0.574 0.197
Oregon

ER/LA opioid analgesics 1.39 1.09 -21.59% (-33.19% to -7.97%) 0.003

Benzodiazepines 0.24 0.24 -1.02% (-31.81% to 43.68%) 0.957 0.260

Hydrocodone 0.22 0.17 -23.81% (—40.92% to —-1.74%) 0.036 0.851
Washington

ER/LA opioid analgesics 1.87 1.27 -29.43% (-34.51% t0 -23.95%) <0.001

Benzodiazepines 0.71 0.50 —27.21% (-37.21% to -15.62%) <0.001 0.714

Hydrocodone 0.24 0.21 1.36% (-21.24% to 30.43%) 0.917 0.007

CI = confidence interval; ER = extended-release; LA = long-acting.

*The P values for interaction are testing whether the percent change in mean rates for the active to pre-implementation periods for the ER/LA opioid analgesics

group is different than the change in mean rates for the comparator group.

change in rate between the active period and the pre-
implementation period is equal to a corresponding per-
cent change between periods for the benzodiazepine com-
parator group. Finally, the percent change in rate
between the active period and the pre-implementation
period is equal to a corresponding percent change be-
tween periods for the hydrocodone comparator group.
All statistical procedures were performed using SAS, ver-
sion 9.4 or later (SAS Institute Inc., Cary, NC, USA). R,
version 3.3.2 or later, was used for graphing. Statistical
significance for the study was set at the a=0.05 level.
Because the subgroup analyses were considered explor-
atory, no corrections for multiple testing were conducted;
therefore the subgroup analysis should be considered
more critically than the primary analysis.

Results

Primary Drug Group: ER/LA Opioid Analgesics

The mean ER/LA opioid analgesics mortality rate per
100,000 population (Table 1 and Figure 1) decreased
across all three states from the pre-implementation pe-
riod to the active period. The percent change for this
group was —18.96% (95% confidence interval [CI] = -
29.61% to —6.70%), -21.59% (95% CI =-33.19% to —
7.97%), and -29.43% (95% CI = -34.51% to -
23.95%) for Florida, Oregon, and Washington, respec-
tively; all decreases were statistically significant. Trends
across states were less uniform for the benzodiazepine
and hydrocodone drug groups. The observed mortality
rate for the benzodiazepine group decreased in all states;
however, this change in rate ranged from -1.02% (95%
CI =-31.81% to 43.68%) in Oregon, which was not sta-
tistically significant, to a significant decrease of -30.07%
(95% CI = -39.47% to =19.21%) in Florida. The per-
cent changes in mortality rate for the hydrocodone group
were statistically significant in Oregon, -23.81% (95%

CI =-40.92% to —1.74%), but were not significant in ei-
ther Florida or Washington. When the percent changes
were tested for the ER/LA opioid group vs the compara-
tor groups, there was only one statistically significant re-
sult: hydrocodone in Washington. This indicates that the
-29.43% decline in the population-adjusted death rate
from ER/LA opioid analgesics was statistically different
than the 1.36% increase from hydrocodone in
Washington. Overall, the interaction assessments in the
three states indicate that although the population-
adjusted mortality rates decreased significantly for the
ER/LA opioid analgesic group, these decreases were gen-
erally not statistically different from similar decreases in
the comparator groups.

Observed percent changes for prescription-dispensed
adjusted rates (Table 2) were somewhat different. The
only statistically significant decrease in prescription-
adjusted mortality rate for the ER/LA opioid analgesics
group was in Washington, which decreased -29.54%
(95% CI = -34.58% to -24.11%). Changes in mortal-
ity rate for this primary target group were not statisti-
cally significant in Florida or Oregon; in fact, the
estimated rates for the pre-implementation and active
periods in Florida were nearly identical. Mortality for
the benzodiazepine group decreased in Florida and
Washington (-22.96% and -24.52 %, respectively); the
mortality rate for the hydrocodone group statistically
increased in Florida and Washington (22.15% and
26.78%, respectively). Interactions with the compara-
tor groups were statistically significant in Florida and
Washington, though for different comparator groups.
Specifically, the decrease in prescription-adjusted mor-
tality rate for the ER/LA opioid analgesics group was
statistically different than the corresponding decrease
in the benzodiazepine group in Florida and statistically
different than the increase in the hydrocodone group in
Washington.
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Figure 1. Observed and predicted population-adjusted mortality rates. Deaths were identified by an ICD-10 underlying cause of
death code of poisoning. Specific active pharmaceutical ingredients were identified by natural language processing techniques.
Triangle points indicate the pre-implementation period, circle points indicate the transition period (not modeled), and star points in-
dicate the active period. The dotted horizontal line is the predicted mean quarterly mortality rate for each period, with 95% confi-
dence intervals shown as solid horizontal lines. Rates are shown as the number of deaths per 100,000 population.

Table 2. Prescription-adjusted mortality rates for ER/LA opioid analgesics, benzodiazepines, and hydrocodone per 1,000 prescrip-
tions dispensed

Pre-implementation  Active Period Active to Pre-implementation P Value for P Value

Drug Group Mean Mortality Mean Mortality % Change (95% CI) % Change for Interaction™
Florida

ER/LA opioid analgesics 0.16 0.16 -0.70% (-12.03% to 12.09%) 0.910

Benzodiazepines 0.06 0.05 -22.96% (-32.47% to —-12.11%) <0.001 0.005

Hydrocodone 0.02 0.02 22.15% (1.31% to 47.28%) 0.036 0.069
Oregon

ER/LA opioid analgesics 0.11 0.09 -14.83% (-28.25% to 1.09%) 0.066

Benzodiazepines 0.02 0.03 11.36% (-22.33% to 59.67%) 0.558 0.188

Hydrocodone 0.01 0.01 -3.44% (-25.97% t0 25.95%) 0.796 0.436
Washington

ER/LA opioid analgesics 1.87 1.27 -29.54% (-34.58% to -24.11%) <0.001

Benzodiazepines 0.71 0.50 —24.52% (-35.08% to -12.25%) <0.001 0.422

Hydrocodone 0.24 0.21 26.78% (0.72% to 59.59%) 0.043 <0.001

CI = confidence interval; ER/LA = extended release/long-acting.
*The P values for interaction are testing whether the percent change in mean rates for the active to pre-implementation periods for the ER/LA opioid analgesics
group is different than the change in mean rates for the comparator group.
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Table 3. Population-adjusted mortality rates for individual active pharmaceutical ingredients per 100,000 population
P Value for P Value for
Pre-implementation  Active Period Active to Pre-implementation P Value for Benzodiazepine Hydrocodone
Drug Group Mean Mortality Mean Mortality % Change (95% CI) % Change Interaction® Interaction™
Florida
Fentanyl 0.11 0.44 307.44% (102.64% to 719.25%) <0.001 <0.001 <0.001
Hydromorphone 0.07 0.10 42.82% (-7.60% to 120.76%) 0.109 0.002 0.090
Morphine 0.24 0.33 34.11% (14.17% to 57.53%) <0.001 <0.001 0.006
Oxycodone 0.91 0.39 -57.62% (-65.07% to -48.57%) <0.001 <0.001 <0.001
Oxymorphone 0.05 0.03 -28.20% (—46.76% to -3.16%) 0.030 0.876 0.126
Oregon
Fentanyl 0.10 0.13 20.82% (-21.02% to 84.85%) 0.383 0.489 0.068
Hydromorphone 0.03 0.03 -7.21% (-69.84% to 185.46%) 0.896 0.915 0.737
Morphine 0.35 0.26 -24.12% (-43.42% to 1.77%) 0.065 0.272 0.984
Oxycodone 0.40 0.39 -1.76% (-22.45% to 24.46%) 0.883 0.974 0.151
Oxymorphone <0.01 0.02 518.62% (-51.66% to 7,816.37%) 0.161 0.163 0.109
Washington
Fentanyl 0.15 0.12 -14.49% (-37.40% to 16.80%) 0.325 0.360 0.406
Hydromorphone 0.14 0.13 -6.64% (-33.09% to 30.29%) 0.686 0.181 0.700
Morphine 0.41 0.34 -17.41% (-30.42% to -1.96%) 0.029 0.274 0.188
Oxycodone 0.59 0.48 -18.69% (-30.81% to -4.45%) 0.012 0.321 0.149
Oxymorphone 0.01 0.03 514.13% (60.48% t02,250.16%) 0.008 0.002 0.010

CI = confidence interval; ER/LA = extended release/long-acting.

*The P values for interaction are testing whether the percent change in mean rates for the active to pre-implementation periods for the ER/LA opioid analgesics

group is different than the change in mean rates for the comparator group.

Active Pharmaceutical Ingredient Subgroup
Analysis

Five opioids from the ER/LA opioid analgesics group
were selected for subgroup analysis to determine if mean
changes differed among APIs. Patterns in population-
adjusted mortality rates when stratified by API differed
notably between states (Table 3). In Florida, a mixture of
increases and decreases were observed. The population-
adjusted mortality rate for fentanyl deaths statistically in-
creased by 307.44% (95% CI = 102.64% to 719.25%)
from the pre-implementation period to the active period;
the population-adjusted mortality rate for morphine also
increased by 34.11% (95% CI = 14.17% to 57.53%).
These changes were counterbalanced by a significant de-
crease in rate for oxycodone deaths (-57.62%). The
change in mortality rate for oxymorphone was signifi-
cant. In Washington, a general decrease in prescription
drug mortality rates was observed for most APIs (though
they were either not significant or had borderline P val-
ues), with the exception of oxymorphone. The
population-adjusted mortality rate from oxymorphone
significantly increased, 514.13% (95% CI = 60.48% to
2,250.16%); however, with a pre-implementation rate so
small (0.01 deaths per 100,000 population), any slight
change would result in a substantial percent change. No
change for the mortality rate of any API grouping was
statistically significant in Oregon, though estimated signs
and magnitudes of changes were generally similar to
Washington. Population-adjusted mortality rates involv-
ing the fentanyl group did differ between these two
states, though neither change was significant. Changes in
mortality rates for specific API groupings had generally
similar trends in direction and magnitude regardless of

the adjustment method (see Table 4 for rates adjusted by
prescriptions dispensed).

Discussion

In the three states of this study (Florida, Oregon, and
Washington), the population-adjusted mortality rate
from drug poisoning that involved an ER/LA opioid anal-
gesic decreased after the implementation of the REMS
initiative; the estimated decrease in mortality rates
ranged from 18.96% to 29.43%. However, these
decreases in mortality rate for opioids under the ER/LA
REMS initiative were not statistically different than those
of another class of drugs with widespread involvement in
overdose deaths, benzodiazepines [23], nor those of an
opioid with limited impact from the REMS initiative,
hydrocodone. When adjusted for the number of prescrip-
tions dispensed, a significant decrease was observed only
in Washington. This finding suggests that changes in
number of deaths corresponded to changes in the supply
of this drug, and one interpretation is that the mortality
rate is tied to the general availability of the drug. In fact,
some studies indicate that an increase in heroin use
occurs concurrently with a decrease in prescription drug
abuse [24], and it is suggested that prescription drug
abuse can lead to heroin abuse in some cases [25].
Further study into individual patterns of misuse and
abuse of individual pharmaceutical ingredients would
elucidate the impact of drug availability on rates of over-
dose death.

Changes in mortality rates over time were not consis-
tent across subsets of APIs. In each state, APIs that were
primary contributors to the overall rate differed. In
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Table 4. Prescription-adjusted mortality rates for individual active pharmaceutical ingredients per 1,000 prescriptions dispensed

P Value for P Value for
Pre-implementation  Active Period Active to Pre-implementation P Value for Benzodiazepine Hydrocodone
Drug Group Mean Mortality Mean Mortality % Change (95% CI) % Change Interaction® Interaction™
Florida
Fentanyl 0.23 0.92 294.49% (100.37% to 676.67%) <0.001 <0.001 0.001
Hydromorphone 0.16 0.21 29.77% (-12.17% to 91.74%) 0.191 0.013 0.784
Morphine 0.28 0.33 19.41% (3.51% to 37.76%) 0.015 <0.001 0.850
Oxycodone 0.13 0.07 -40.18% (-47.21% to —=32.21%) <0.001 0.006 <0.001
Oxymorphone 0.42 0.33 -21.52% (-42.84% to 7.74%) 0.134 0.916 0.018
Oregon
Fentanyl 0.12 0.16 37.01% (-15.54% to 122.24%) 0.202 0.501 0.214
Hydromorphone 0.06 0.06 -3.84% (-68.05% to 189.44%) 0.945 0.804 0.994
Morphine 0.20 0.17 -15.15% (-37.18% to 14.61%) 0.284 0.256 0.528
Oxycodone 0.05 0.05 5.01% (-18.27% to 34.93%) 0.702 0.793 0.653
Oxymorphone 0.06 0.37 527.50% (-53.39% to 8,348.33%) 0.166 0.197 0.160
Washington
Fentanyl 0.30 0.27 -10.06% (-34.01% to 22.60%) 0.502 0.318 0.081
Hydromorphone 0.30 0.24 -19.94% (-43.44% to 13.33%) 0.210 0.760 0.031
Morphine 0.40 0.30 -25.23% (-37.41% to -10.67%) 0.001 0.938 <0.001
Oxycodone 0.09 0.07 -16.73% (-30.11% to —0.80%) 0.040 0.404 0.004
Oxymorphone 0.10 0.55 441.72% (42.16% to 1,964.28%) 0.013 0.004 0.036

CI = confidence interval; ER = extended-release; LA = long-acting.

*The P values for interaction are testing whether the percent change in mean rates for the active to pre-implementation periods for the ER/LA opioid analgesics

group is different than the change in mean rates for the comparator group.

Florida, there was an overall decrease in mortality due to
ER/LA opioid analgesics, but individual APIs examined
had distinct, diverging changes in mortality. A dramatic
increase in mortality rates in which fentanyl was involved
was observed, as well as increasing mortality rates in
which morphine was involved. This was counteracted by
decreases in observed rates where oxycodone and oxy-
morphone were involved. Conversely, in Washington,
the estimated percent changes have uniformly decreased;
the only exception was the mortality rate in which oxy-
morphone was involved. This mortality rate rose sharply
and significantly, though the absolute change in rate was
small. The directions of the changes for specific API
groupings in the two northwest states, Oregon and
Washington, were similar; however, statistical signifi-
cance was not observed for Oregon. A contributing fac-
tor was the overall low number of deaths in Oregon,
which could indicate a type Il error.

Understanding mortality trends related to drug over-
dose has often been restricted to studying all opioids of
interest combined. The ICD-10 codes alone cannot iden-
tify the substances involved in the death. Including con-
tributing codes (T40.0-T40.9) in a definition of
substance-specific deaths and using more refined meth-
ods of determining case inclusion [26] both fail to fully
identify all substances involved in the death.
Identification of individual substances using coding rule—
based natural language processing of the cause of death
fields on the death certificate has recently been reported
by the National Vital Statistics System [20] and the
Washington vital records office [19].

There are several strengths of this study. Two distinct
types of comparators were used. One comparator, the

benzodiazepine class, was a different class of molecules,
but still subject to abuse. Another, hydrocodone, was an
opioid with limited inclusion in the ER/LA REMS. Only
two hydrocodone products were included during the
study period, and the first hydrocodone product was
added during the active period (October 2013). The use
of either substance as a comparator has limitations, how-
ever. A majority of cases where a benzodiazepine was
present also had an opioid from the ER/LA group. This
would affect the significance of the interaction between
groups, though it would not limit the conclusion that
mortality due to ER/LA opioids has decreased across
study periods. Death data were obtained directly from
state vital records offices and represent the most up-to-
date mortality data available for individual deaths.
National records cannot be publicly accessed for individ-
ual deaths, making searching for deaths associated with
individual APIs impossible. States selected include both
large metropolitan areas and rural populations, allowing
for contributions from areas with variations in popula-
tion density.

Limitations, however, are also present. Causal rela-
tionships between the decreases in mortality rates by
opioids with an ER/LA formulation, excluding hydroco-
done, and initiation of the ER/LA REMS are confounded
by other concurrent interventions. These include but are
not limited to the increasing influence of prescription
drug monitoring programs, increasing preference for
abuse-deterrent formulations by insurance companies
(such as through pharmacy benefit management sys-
tems), state-level legislative actions, increasing availabil-
ity of counteragents such as naloxone, and law
enforcement actions. One example of confounding is the
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rescheduling of combination hydrocodone products,
which caused a reduction in prescriptions dispensed [27].
This would confound any difference in percent changes
between the ER/LA opioid group and hydrocodone in
Table 1, and thus limit attribution of differences in trends
to either the REMS or the rescheduling. Other interven-
tions would have similar confounding effects. Thus,
interpreting the decreases in mortality rates for ER/LA
formulations excluding hydrocodone as only associative,
and not causal, is more valid. Postmortem drug identifi-
cation is limited to the API and cannot distinguish be-
tween formulations or brands within a drug class. For
example, immediate-release oxycodone often cannot be
distinguished from ER oxycodone. For this reason, analy-
sis groups were defined broadly as those APIs with at
least one ER/LA REMS drug product. Illicitly sourced
fentanyl cannot be distinguished from prescription fenta-
nyl, nor can some chemical analogues of fentanyl be dis-
tinguished from fentanyl using this method of processing
text. The comparisons between pre-implementation and
active period changes assume that both the pool of medi-
cal examiners and their diagnostic acumen were consis-
tent across the study period. This may not be true in light
of the position paper released in 2014 where recommen-
dations were given for the practice of death investigation
and autopsy [28]. This report contains data from three
states and may not represent broader national trends in
mortality. This study was an observational epidemiologi-
cal study and relied on all available data in the three
states. For some analyses, the numbers of deaths were
small. Changes observed may be too small to reach statis-
tical significance. Finally, COD literal text analysis has
inherent limitations that would cause underestimates in
mortality rates, including delays in processing [22], miss-
ing data [29], and under-reporting [30].

Materials from the ER/LA REMS aim at controlling
inappropriate prescribing from health care providers,
and therefore the number of prescriptions filled in a year-
quarter changes throughout the study period. Adjusting
mortality based on the number of prescriptions filled has
the advantage of assessing mortality independent of the
changing availability of the drug products and accounts
for the bias associated with more readily available drug
products. This also accounts for the entrance of new drug
products and the unstable market share of different prod-
ucts. However, this adjustment would obscure changes in
mortality due to changes in prescribing patterns, and
therefore changes interpretation of the mortality rate.
Aggregate rates calculated for multiple drug products us-
ing population adjustments tend to be dominated by
commonly prescribed drug products. Some drug products
may be frequently involved in a death, but if there is a
low market share, the drug product might not influence
population-adjusted rates. Rates calculated from avail-
ability adjustments increase the relevancy of drug prod-
ucts with low market share. Mortality rates adjusted by
population and prescriptions dispensed are necessary to

assess both the mortality burden within the population
and the mortality burden controlling for availability of
drug products.

Conclusions

The mortality rate of ER/LA opioid analgesics decreased
in the time period after the implementation of the ER/LA
REMS initiative compared with the time period before
this intervention. Mortality rates for individual ER/LA
REMS API groupings also generally decreased, though
with some notable exceptions localized to individual
states. However, these changes were generally not dis-
tinct from changes in mortality rates in which compara-
tor substances were involved. This study illustrates that
the ER/LA REMS initiative, in conjunction with other
concurrent interventions at national and state levels, is
temporally associated with a decrease in mortality where
opioids are involved.
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