University of Rhode Island

DigitalCommons@URI
Open Access Dissertations
2020

PRESCRIPTION CONTROLLED SUBSTANCE UTILIZATION:
EVALUATING BENZODIAZEPINE DOSE INTENSITY,
DEVELOPMENT AND APPLICATION OF A MEASUREMENT
FRAMEWORK, AND USE OF TRAMADOL AMONG PATIENTS WITH
HIGHER RISK
Eric P. Borrelli
University of Rhode Island, ericborrelli@uri.edu

Follow this and additional works at: https://digitalcommons.uri.edu/oa_diss

Recommended Citation
Borrelli, Eric P., "PRESCRIPTION CONTROLLED SUBSTANCE UTILIZATION: EVALUATING
BENZODIAZEPINE DOSE INTENSITY, DEVELOPMENT AND APPLICATION OF A MEASUREMENT
FRAMEWORK, AND USE OF TRAMADOL AMONG PATIENTS WITH HIGHER RISK" (2020). Open Access
Dissertations. Paper 1229.
https://digitalcommons.uri.edu/oa_diss/1229

This Dissertation is brought to you for free and open access by DigitalCommons@URI. It has been accepted for
inclusion in Open Access Dissertations by an authorized administrator of DigitalCommons@URI. For more
information, please contact digitalcommons@etal.uri.edu.

PRESCRIPTION CONTROLLED SUBSTANCE UTILIZATION: EVALUATING
BENZODIAZEPINE DOSE INTENSITY, DEVELOPMENT AND APPLICATION OF
A MEASUREMENT FRAMEWORK, AND USE OF TRAMADOL AMONG
PATIENTS WITH HIGHER RISK

BY
ERIC P. BORRELLI

A DISSERTATION SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY IN
PHARMACEUTICAL SCIENCES

UNIVERSITY OF RHODE ISLAND
2020

DOCTOR OF PHILOSOPHY DISSERTATION
OF
Eric P. Borrelli

APPROVED:
Dissertation Committee:
Major Professor

Stephen J. Kogut
Jeffrey Bratberg
Mary L. Greaney
Brenton DeBoef
DEAN OF THE GRADUATE SCHOOL

UNIVERSITY OF RHODE ISLAND
2020

ABSTRACT
Approximately 50 million adults in the United States (U.S.) suffered from chronic
pain in 2016, with almost 20 million of whom had high impact pain that interfered with
work or daily life. In 2017, there were more than 75 million dispensed prescriptions of
opioid medications to the Medicare Part D population alone. Fatal overdoses involving
opioids, including heroin and illicit fentanyl, have been increasing annually in the U.S.,
from an estimated 25,052 in 2013 to over 50,000 in 2019; however, prescription opioids
make up about one-third of these overdose fatalities. While opioid prescribing has
received increased attention in recent years, all prescription controlled substances have
potential adverse risks and require judicious prescribing to improve patient outcomes.
Concurrent use of prescription opioids and other prescription controlled substances
significantly increases risks of adverse outcomes such as respiratory depression and
death. Benzodiazepines have an increased risk of falls leading to fractures and
hospitalizations. In addition, all prescription controlled substances carry an inherent risk
of addiction, which is evidenced in their classification as controlled substances by the
U.S. Drug Enforcement Agency (DEA).
Prescription controlled substance utilization is an important and challenging
concept for clinicians to consider when treating patients. Controlled substance
prescriptions have indications for treating several disease states such as pain, anxiety,
epilepsy, attention deficit disorder, and insomnia, among many other conditions. While
these medications can have benefits for patients when used as prescribed, they also have
important safety risks. By creation of the U.S DEA regulations, all controlled substance

prescriptions inherently carry a risk of addiction, with risk of addiction increasing as the
controlled substance classification increases from schedule-V to schedule-II. In addition,
there are a myriad of additional risks specific to each medication class. Assessment of
prescription controlled substance utilization on a population level can help to identify
areas of opportunity where interventions can be made in the prescribing and utilization of
controlled substances, leading to an improvement in patient health outcomes.
Benzodiazepines are one of the most prescribed medication classes with three
benzodiazepines being in the top 55 prescribed drugs in 2017 in the U.S. This class of
medications have important safety considerations including an increased risk of
dependence and addiction, falls, and death from opioid overdose. Although
benzodiazepine safety and prescribing encompasses a rich and important research area,
there is a lack of pharmacoepidemiologic literature addressing benzodiazepine dosing
intensity in real-world settings. Opioid prescribing is often assessed by dose intensity via
standardized morphine milligram equivalents (MME) for medication safety to improve
health outcomes and reduce the risk of opioid overdose. Measuring a standardized
benzodiazepine dose with a diazepam milligram equivalents approach could be of similar
importance to help reduce adverse outcomes and promote safer prescribing and
utilization.
In August of 2014, tramadol was classified as a Schedule-IV controlled substance
by the U.S. Drug Enforcement Administration on a national level (although it was
classified as a Schedule-IV controlled substance by 12 states prior to this). Even in light
of it becoming a controlled substance on the national level, tramadol’s prescribing has

significantly increased in recent years while Schedule-II opioid prescribing has
decreased. Tramadol has numerous drug-drug interactions as well as warnings associated
with its prescribing.
The purpose of the studies in this dissertation was to better understand
prescription controlled substance utilization and highlight areas that pose the greatest
opportunity for improvement. We examined 2 data sources: (1): the Rhode Island
Prescription Drug Monitoring Program (PDMP) data set for the calendar year 2018 for
manuscripts 1 and 2, and (2) a large commercial claims database in the U.S. for the
calendar years 2016 and 2017 for manuscript 3.

Manuscript 1: The objective of this study was to develop and apply a standardized
benzodiazepine milligram equivalency conversion algorithm and assess the dosing
intensity of benzodiazepine prescriptions dispensed in Rhode Island (RI) in 2018. We
created a benzodiazepine dosing equivalency algorithm taking into account drug half-life
and dosing recommendations listed in the FDA prescribing information to create a
standardized diazepam milligram equivalency (DME). We then assessed prescribed
benzodiazepine dose intensity in RI by applying the algorithm to data from the RI
Prescription Drug Monitoring Program (PDMP) for the calendar year of 2018. The RI
PDMP includes controlled substances dispensed by all pharmacies with a retail license in
RI as well as a controlled substance registration with the state. In addition, information
on prescription controlled substances dispensed to RI-residents by pharmacies in
neighboring states also is included. We then assessed the impact of different

demographic and clinical covariates on benzodiazepine dose intensity. We performed an
ordinary least squares (OLS) multiple regression analysis to determine which
independent variables were most predictive of DME, with a log transformation used to
address skewness of the dependent variable. These analyses determined that compared to
patients who did not utilize opioids, those concurrently utilizing opioids had a statistically
significantly higher mean daily DME, and patients with a longer duration of concurrent
utilization had significantly higher mean DME per day. We also found that patients
concurrently taking other prescription controlled medications such as buprenorphine or
stimulants had statistically significantly higher mean daily DME compared to those
without concurrent utilization of those medications.

Manuscript 2: The objective of this study was to develop a population-based
controlled medication utilization measurement framework that uses pharmacy data
solely; and subsequently to pilot test its application using “real-world” data. We
performed an environmental scan, reviewed the literature, and consulted with clinical
experts to locate existing measures and/or develop new measures related to prescription
controlled medication utilization. In total, the measurement framework contained 16
measures that represented four domains: opioid utilization (five measures),
benzodiazepine utilization (five measures), care coordination (two measures), and
buprenorphine (four measures). We then applied the framework we created to data from
the RI PDMP for the calendar year 2018, which was the same dataset used for manuscript
1. Measure rates were calculated for the overall population as well as for different

covariates. Multivariate logistic regression models were developed for each dichotomous
quality measure to assess differences across covariates. We hypothesized that utilization
of prescribed controlled substances in RI differs from optimal use as defined by the
quality measures evaluated in the framework, which is what we observed for most quality
measures.

Manuscript 3: The objective of this study was to assess prescribing of tramadol
among patients with contraindications and higher risks of adverse events in a large
commercially insured population in the U.S. The data source used for this study was
Optum’s de-identified Clinformatics® Data Mart Database for the calendar years 2016
through 2017. This data source is a commercial claims database representing
approximately 35 million unique patients in the U.S. Patients who received at least one
paid claim for tramadol during this time period were included in the analysis unless they
had a diagnosis for either cancer (n=158,884) or sickle cell disease (n=586), or were
missing demographic information (n=3,087). We assessed several categories of
contraindications or higher risk utilization: children under the age of 18; patients with
epilepsy or seizure disorders; and concurrent use with interacting medications, including
other high risk serotonergic medications; medications that are strong or moderate
inhibitors of CYP 2D6 inhibitors and/or CYP 3A4 inhibitors or inducers; concurrent use
with other non-tramadol opioids; concurrent use with benzodiazepines; concurrent use
with non-benzodiazepine sedative hypnotics; and a composite that included any of these
high risk prescribing circumstances. Measure rates were calculated for the overall

population as well as for different covariates. Multivariate logistic regression models
were developed for each measure of higher risk utilization to assess differences across
covariates. We hypothesized that tramadol is often prescribed to patients who have a
higher risk of adverse outcomes, which is what we observed with 31.17% (99%
Confidence Intervals: 31.06-31.27) of patients with at least one tramadol prescription
included in the composite outcome of any higher risk utilization.
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PREFACE
This dissertation is written in the manuscript format and is comprised of three
manuscripts, (1) benzodiazepine dose intensity, (2) a measurement framework to assess
controlled medication utilization, and (3) prevalence of tramadol utilization among
patients with higher risks of adverse events and contraindications.
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1.1 Abstract

Objective: To develop and apply a standardized benzodiazepine milligram equivalency
conversion algorithm and assess the dosing intensity of benzodiazepine prescriptions
dispensed in Rhode Island (RI) in 2018.
Methods: We created a dosing equivalency algorithm taking into account drug half-life
and dosing recommendations listed in the FDA prescribing information to create a
standardized diazepam milligram equivalent (DME). We then implemented a crosssectional study design for the calendar year of 2018 using data from the RI Prescription
Drug Monitoring Program (PDMP). Mean daily DME was calculated at the patient level
based on the most recently dispensed benzodiazepine prescription in 2018. An ordinary
least square (OLS) multiple regression analysis was performed to determine which
independent variables were most predictive of DME, with a log transformation used to
address skewness of the dependent variable.
Results: There were 143,026 patients who received at least one prescription for a
benzodiazepine with a mean daily DME of 10.60 (standard deviation: 9.05). While there
was no significant difference in daily DME between patients with 1 to 6 days overlap of
opioids and benzodiazepines compared to patients with no concurrent use after adjusting
for covariates (log DME estimate: 0.01, p=0.098), patients with 7 or more days overlap
had a significantly higher log daily DME (7-30 days overlap log DME estimate: 0.15,
p<0.0001; 31-90 days overlap log DME estimate: 0.16, p<0.0001; 91+ days overlap log
DME estimate: 0.34, p<0.0001) compared to no concurrent utilization. In addition,
2

patients concurrently utilizing a prescription stimulant or buprenorphine had significantly
higher daily DME after adjusting for confounders compared to patients without
concurrent utilization (log DME estimate: 0.22, p<0.0001; log DME estimate: 0.41,
p<0.0001; respectively).
Conclusion: Patients concurrently utilizing opioids had significantly higher
benzodiazepine dose intensity compared to those without concurrent use, with dose
intensity being increased significantly the longer the days overlap. Additional studies are
needed to apply the DME/day approach to determine the association between
benzodiazepine dosing intensity and outcomes including opioid overdose, falls, and longterm effects such as dementia and overall mortality.

3

1.2 Introduction:

Benzodiazepines are one of the most prescribed medication classes with three
benzodiazepines (alprazolam, clonazepam, and lorazepam) being in the top 55 prescribed
drugs in 2017 in the United States (U.S.) (1-2). More than 25 million or 10.5% of adults
in the U.S. used prescription benzodiazepines in 2015 and 2016 (3). Benzodiazepines are
prescribed for anxiety disorders, muscle spasms, alcohol withdrawal, agitation,
movement disorders, and epilepsy (4). Although they are a highly utilized class of
medications, benzodiazepines have inherent risks. They have a potential risk for
addiction and accordingly are classified as Schedule IV controlled substances by the U.S.
Drug Enforcement Agency (DEA).

In addition, benzodiazepines have other important safety considerations including
an increased risk of falls leading to fractures and hospitalizations (5-6), memory
impairment (amnesia, dementia, and other cognitive declines), and other central nervous
system related reactions and drug-drug and drug-disease interactions, along with
withdrawal side effects (7). Patients prescribed benzodiazepines are also at an increased
risk for respiratory depression and opioid overdose when taken concomitantly with
opioids (8-9). This led to the Food and Drug Administration (FDA) in 2016, adding a
black box warning for all benzodiazepines and opioid package inserts warning about the
risk of combining these two drug classes (10). There has been an estimated 18 percent
relative reduction in concurrent use of both classes of medications in the 16 months after
4

the addition of the black box warning (11). While this reduction is trending downward,
there were still an estimated 1.9 million patients in the U.S. taking benzodiazepines and
opioids concurrently from September 2016 through December 2017 (11).
Benzodiazepines also have risks specific to older adults due to their increased sensitivity
to and decreased metabolism of these medications (12). Benzodiazepines are included in
the Beers Criteria for Potentially Inappropriate Medication Use in Older Adults (12),
while the American Psychiatric Association (APA) states that “Benzodiazepine use
should be avoided whenever possible” in the geriatric population (13).

Previous studies have demonstrated an increased risk of adverse outcomes with
opioid dose intensity (14-16). It is now common to assess dose intensity for medication
safety via standardized morphine milligram equivalents (MME) for opioids. This has led
to many studies (14-16), as well as quality improvement measures assessing opioid dose
intensity via daily morphine milligram equivalents (MME) (17-19). Although
benzodiazepine safety and prescribing encompass an important research area, there is
only limited pharmacoepidemiologic literature addressing benzodiazepine dosing
intensity in real-world settings. Measuring a standardized benzodiazepine dose in a
manner similar to MME/day for opioids could help reduce adverse outcomes and
promote safer prescribing and utilization of benzodiazepines. It also may be important to
assess benzodiazepine dose intensity to prevent adverse outcomes on a population level
as higher benzodiazepine dose intensity has been associated with adverse outcomes
including amnesia (20), somnolence (20), falls (21), mortality (22), as well as an increase
5

in healthcare resource utilization (e.g. emergency department visits, hospital admissions)
(23). The study objective was to develop and apply a standardized benzodiazepine
milligram equivalency conversion algorithm and assess the dosing intensity of
benzodiazepine prescriptions dispensed in Rhode Island (RI) in 2018 using a diazepam
milligram equivalency (DME) approach. The primary hypothesis is that mean daily
DME would be lower for patients concurrently utilizing opioids. The second hypothesis
is that mean daily DME would vary across different patient demographic subgroups. In
addition, we suspect that mean daily DME would be lower for patients concurrently
prescribed other controlled medications given the high risk of adverse events with
concurrent utilization.
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1.3 Methods:

Defining a Diazepam Milligram Equivalent Algorithm
A systematic literature review was conducted in September 2019 using
PubMed/Medline to assess previously estimated benzodiazepine milligram equivalents.
The query terms were “benzodiazepine AND equivalents”. Only articles that created a
benzodiazepine equivalency dose were included. Articles that established an equivalency
dose based on serum concentrations or for parenteral dosages were excluded. This was
due to the fact that for these formulations, as well as for pharmacokinetic and toxicology
studies, an equivalency dose is based on blood levels, and does not account for oral
medications undergoing drug metabolism. All identified abstracts were reviewed for
inclusion. Abstracts that appeared to meet the inclusion criteria subsequently had their
full texts reviewed. Full text reviews also included a review of all citations to identify
additional relevant articles that were not included in the search results. In an attempt to
locate additional sources that may not be indexed in PubMed/Medline, a grey literature
search that used the same terms “benzodiazepine AND equivalents” also was conducted
using Google. We then created a dosing equivalency algorithm taking into account drug
half-life and dosing recommendations listed in the FDA prescribing information (24-35).
The results from the systematic review were used to assess clinical validity of the
algorithm, as well as to highlight other DME algorithms previously created.

Application to Rhode Island Prescription Drug Monitoring Program
7

We then implemented a cross-sectional study design for the calendar year of 2018
using data from the RI Prescription Drug Monitoring Program (PDMP). The RI PDMP
includes prescription controlled substances dispensed by all pharmacies with a retail
license in RI as well as a controlled substance registration with the state. In addition,
information on controlled substances dispensed to RI-residents by pharmacies in
neighboring states also is included in the database. More information regarding the RI
PDMP is available at the RI Department of Health website (36).

Inclusion/Exclusion Criteria
Patients were included in the study population if they had at least one dispensing
of a benzodiazepine for any quantity during 2018. Exclusion criteria consisted of patients
under the age of 18 years old, patients with prescription dispensings of opioid
formulations indicative of cancer or hospice [Appendix Table 1], veterinarian
prescriptions, and claims missing drug-identifiers. Drug formulations of powder were
excluded from the analysis as we were unable to accurately assess the correct daily dose.
Gel diazepam and injectable midazolam prescriptions were also excluded as these dosage
forms are generally not used on a daily basis. Medicare Advantage health plans are
frequently identified as “commercial insurance” in the RI PDMP, therefore, we
reclassified the payment method for patients 65 years and older of “commercial
insurance” to “Medicare”.

Dependent variable:
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The dependent variable was the daily DME, which was calculated at the patient
level based on the most recently dispensed benzodiazepine prescription in 2018. DME
was calculated as the DME conversion factor times the benzodiazepine prescription
strength times the quantity of medication dispensed, all divided by the prescription day
supply. The dosing equivalency algorithm standardized all benzodiazepines to diazepam
5mg per day to create a DME conversion. Recommended dosing intervals and
medication half-life were used to assess whether the equivalency algorithm was clinically
appropriate. For example, clonazepam has an approved daily dose ranging from 0.5
cumulative milligrams to 4 cumulative milligrams per day (excluding seizure disorder)
(24), while diazepam has an approved daily dose ranging from 2 cumulative daily
milligrams to 40 cumulative daily milligrams (29). The maximum daily approved dosage
of diazepam is 10 times that of clonazepam. This equated to a daily equivalency of
0.5mg for alprazolam compared to 5mg of diazepam which is a 10-fold difference.
Considering clonazepam has a similar half-life range from 18-50 hours compared to
diazepam’s half-life that ranges from 20-80 hours (4), a dose of clonazepam 0.5mg twice
daily was deemed pharmacologically similar to that of diazepam 5mg twice daily. The
final equivalency algorithm allows for daily benzodiazepine dose intensity to be assessed
for all benzodiazepines, regardless of which agent is being utilized.

Independent variables
Patient and clinical covariates included sex (male, female), age group (18-34, 3549, 50-64, 65-74, 75+), payment method (commercial insurance, Medicaid, Medicare,
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cash, and all other payment types), RI county of residence (Providence, Kent, Bristol,
Newport, Washington, out of state), opioid status (concurrent opioid and benzodiazepine
overlap, no concurrent opioid use), concurrent opioids based upon overlap days (0, 1-6,
7-30, 31-90, 91+), stimulant status (concurrent stimulant and benzodiazepine overlap, no
concurrent stimulant use), and buprenorphine status (concurrent buprenorphine and
benzodiazepine overlap, no concurrent buprenorphine use). Benzodiazepine dose
intensity for patients concurrently taking buprenorphine was assessed because the use of
benzodiazepines among patients with opioid use disorder increases the risk of overdose
death (37-38). We assessed concurrent utilization of benzodiazepines and stimulants due
to the high utilization of each medication class and the opposite neurologic mechanistic
effects of these two classes of medications. Overlap of opioids and benzodiazepine as
well as buprenorphine and benzodiazepine, and stimulant and benzodiazepine were
calculated based upon prescription fill dates and day supplies (39) and required at least
one overlap day (40).

Statistical Analysis
Analysis of variance (ANOVA) with pairwise comparisons was used to test for
unadjusted differences in mean DME according to age category, payment type, days of
opioid overlap, and RI county. T-tests for independent samples were used to test for
unadjusted differences in DME by gender, concurrent opioid dispensing, concurrent
stimulant dispensings, and concurrent buprenorphine dispensings with p values of less
than 0.05 indicating a statistically significant relationship. Means and standard
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deviations were also reported. An ordinary least squares (OLS) multiple regression
analysis was performed to determine which independent variables were most predictive
of DME. A log transformation was used to address skewness of the dependent variable.
All independent variables had a significance (p-value) of less than 0.25 and were retained
in the final model (41-42). Collinearity was assessed by examining the variance inflation
factor (VIF) and condition indices (43-44). A VIF of greater than 5.0 and a tolerance of
lower than 0.2, or a condition index of greater than 30.0, was viewed as being indicative
of collinearity and one of the independent variables would have then been removed from
the model (43-44). However, no independent variables met these criteria and were thus
all included in the model. Model fit was assessed using backward elimination; however,
all variables were retained for the final model. The measure of effect was the parameter
estimate which represents the percent change in log DME when all other variables are set
at their reference level with p values of less than 0.05 indicating that the covariate is a
significant predictor. All analyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC).

This study was approved by the Institutional Review Boards (IRB) at the Rhode
Island Department of Health (DoH) and at the University of Rhode Island.
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1.4 Results:

The systematic literature review of PubMed/Medline returned 205 abstracts. Of
these, 82 full-text articles were reviewed with four meeting the inclusion criteria (45-48).
Six articles were identified via the search of citations (49-54), five were identified via the
grey literature search (55-59), and one from the authors’ knowledge (60). In total, 16
references describing benzodiazepine equivalency and conversion factors were located
[Appendix Figure 1; Appendix Table 2] (45-60). After assessing the benzodiazepine
equivalents conversions from the references located and taking into account prescribing
information and half-life considerations, we then created a standardized DME algorithm
[Table 1].

This study population included 143,026 patients who received at least one
prescription for a benzodiazepine in RI [Table 2]. The study population was 66.3%
female (n=94,884), 34.6% of patients were aged 50 to 64 (n=49,444), and 30.7% patients
were 65 years or older (n=43,903). Just under half of patients filled their benzodiazepine
prescription through commercial insurance (n=65,835, 46.0%) and just under half lived in
Providence County (n=67,293, 47.0%). In addition, approximately a quarter of patients
had at least one day overlap with a prescription opioid (n=35,357, 24.7%). Clonazepam,
alprazolam, lorazepam, and diazepam comprised greater than 95% of all benzodiazepine
prescriptions dispensed at both the patient and prescription levels [Table 3].
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The population’s mean DME per day was 10.60 (standard deviation (SD): 9.05)
and median DME per day was 10.00 (interquartile range (IQR): 5.00-15.00; 10% to 90%
range: 2.50-20.00). The median DME per day on the aggregate population level in the
analysis of 10.00, along with the results of the IQR (5.00-15.00) and the 10%-90% range
(2.50-20.00) added criterion validity to the DME algorithm, as these ranges are consistent
with the recommended dosing of diazepam. Although there were almost twice as many
females who received prescriptions for benzodiazepines compared to males (66.3% to
33.6%), females had a statistically significantly lower mean daily DME (10.08 [95% CI:
10.05-10.11] vs 11.61 [95% CI: 11.54-11.68]). Patients aged 35 through 49 years of age
had the highest mean DME of all age groups at 11.53 (95% CI: 11.43-11.63) while
patients aged 75 or older had the lowest with a DME of 8.37 (95% CI: 8.28-8.46).
Patients who lived in Providence County had the highest mean benzodiazepine dose
among counties of residence with a DME of 11.06 (95% CI: 11.01-11.11) while patients
who lived outside of Rhode Island had the lowest with a DME of 9.35 (95% CI: 9.259.45). Patients who had their benzodiazepine prescription processed through Medicaid
insurance had a 30% higher mean DME/day compared to those with commercial
insurance (12.97 [95% CI: 12.83-13.11] vs 9.90 [95% CI: 9.85-9.95]).

Patients who had at least one day of overlap of benzodiazepine and opioids had a
higher mean DME compared to those who did not have any overlap (11.65 [95% CI:
11.56-11.74] vs 10.25 [95% CI: 10.22-10.28]). This is further exemplified when
assessing mean DME with results stratified by number of days with an overlap of
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benzodiazepines and opioids. While patients who were concurrently prescribed both
classes of medications with overlap of one to six days had a lower DME compared to
those who had no overlap (9.79 [95% CI: 9.68-9.90] vs 10.25 [95% CI: 10.22-10.28]),
patients with at least 7 days of overlap had significantly higher mean DME than those
with no overlap. Patients who had an overlap of 7 through 30 days had a similar mean
DME compared to those who had overlap of 31 through 90 days (12.26 [95% CI: 12.0812.44] vs 12.35 [95% CI: 11.98-12.72]), while patients with greater than 90 days overlap
had a mean DME of 15.14 (95% CI: 14.84-15.44). Patients who were concurrently
prescribed benzodiazepines and buprenorphine had a significantly higher mean DME
compared to those who did not concurrently receive prescriptions for buprenorphine
(18.15 [95% CI: 17.69-18.61] vs 10.42 [95% CI: 10.41-10.43]). Patients who were
concurrently prescribed benzodiazepines and stimulants also had a significantly higher
mean DME compared to those who did not concurrently receive stimulants (14.04 [95%
CI: 13.82-14.26] vs 10.31 [95% CI:10.30-13.32]). The pairwise comparisons showed a
significant difference in mean DME between all subgroup populations except for “18-34
vs 65-74” for patient age group, “Other vs Medicaid” for payment type, and “Days 7-30
vs Days 31-90” for benzodiazepine and opioid overlap.

All independent variables had a p value of less than 0.25 in bivariate analyses and
were included in the model which also provided the best model fit. The model had an R2
value of 0.0780 and an adjusted R2 value of 0.0779, meaning only 7.8% of the log DME
variance is attributed to the independent variables. However, the independent variables
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in the model were statistically significant predictors and the full model had the largest R2
and adjusted R2 values. The only change from the bivariate and adjusted analyses are
that after being significant in the bivariate analyses, patients aged 50 to 64 years
compared to those 35 to 49 years as well as patients with opioid and benzodiazepine
overlap of 1 to 6 days compared to those with no concurrent overlap were no longer
statistically significant in the adjusted analyses. All age groups had a lower mean
DME/day compared to their respective reference groups of 35 to 49 years of age except
for patients aged 50 to 64 which had no significant difference in mean daily DME
(parameter estimate: 0.003, standard error: 0.005, p=0.5594) [Table 4]. Compared to
commercial insurance, all payment types were predictive of having an increased mean
DME/day ranging from cash payment having an adjusted parameter estimate of 0.166
(standard error: 0.008, p<0.0001) towards the log DME to Medicare having an adjusted
parameter estimate of 0.325 (standard error: 0.007, p<0.0001). Female sex predicted
lower benzodiazepine dose intensity with an adjusted parameter estimate of the log DME
of -0.148 (standard error: 0.004, p<0.0001). When assessing concurrent utilization with
opioids based on overlap day supply, patients with overlap of opioids and
benzodiazepines between 1 to 6 days had no significant difference in dose intensity
compared to patients with no concurrent utilization (parameter estimate: 0.010, standard
error: 0.0006, p=0.098). However, as the amount of overlap increased, so too did the
predictor of increased log DME. Compared to no concurrent utilization of
benzodiazepines and opioids, patients with overlap of 7 to 30 days and 31 to 90 days had
similar increases with parameter estimates of 0.149 (standard error: 0.007, p<0.0001) and
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0.158 (standard error: 0.134, p<0.0001) respectively, while patients with greater than 90
days overlap had the largest increase in log DME with a parameter estimate of 0.337
(standard error: 0.010, p<0.0001). Concurrent utilization of buprenorphine and/or
concurrent utilization of stimulants was also associated with a significant increase in
mean DME/day with parameter estimates of the log DME of 0.407 (standard error: 0.013,
p<0.0001) and 0.221 (standard error: 0.007, p<0.0001) respectively.
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1.5 Discussion:

We demonstrated that a benzodiazepine dose intensity algorithm using a
standardized DME/day approach can be applied to pharmacy data in a manner similar to
how opioid dose intensity is assessed using the MME/day method. Measuring
benzodiazepine dose intensity provides another tool to augment quality improvement
efforts to reduce benzodiazepine use and to reduce risk of overdose when co-prescribed
with opioids.

This study showed that concurrent utilization with opioids, stimulants, and
buprenorphine had significantly higher log DME per day compared to patients without
concurrent utilization after adjusting for covariates. In addition, males had significantly
higher dose intensity compared to females, while patients aged 65 years and older had
significantly lower dose intensity compared to those aged 35 to 49 years. While these
results showed statistical significance, it is difficult to assess on their own whether these
differences are clinically significant, with future studies needed to assess if these
differences in dose per covariate result in different clinical outcomes. This model had an
R2 value of 7.8%, meaning that the independent variables in the model accounted for only
7.8% of the variance in daily DME. While the model is still significantly predictive, the
lower R2 value is likely due to the PDMP dataset not including clinical information such
as clinical diagnoses, comorbidities, provider specialty, and healthcare resource
utilization. I n addition, there was likely a large amount of unmeasured confounding.
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Benzodiazepine dosing recommendations vary depending on the indication, with
indications of acute alcohol withdrawal and convulsion disorders requiring a higher dose
for clinical management (4, 27, 29). In addition, patients with prevalent benzodiazepine
utilization for long durations of time may develop tolerance to the medication and
therefore requiring higher daily doses to achieve the same clinical affect as they
previously experienced (4). These unmeasured clinical components in this study are
likely to impact benzodiazepine dose intensity.

Determining dose intensity using this DME approach can aid efforts to reduce
adverse outcomes associated with benzodiazepine utilization. Previous studies have
demonstrated an increased risk of adverse outcomes such as dependence and overdose
when opioid dose intensity increased (14-16). A nested case-control study of the U.S.
Veterans Health Administration (VHA) database from 2004 through 2009 found that
patients who experienced an unintentional opioid overdose had a mean daily MME/day
dose of 98.1 (standard deviation [SD]=112.7) while the comparison group who had a
mean daily MME/day dose of 47.7 (SD=65.2) (p<0.001) (15). An analysis was
conducted of the HealthCore claims database from 2000 through 2005 for patients who
were opioid naïve in the previous 6 months and developed non-cancer chronic pain (16).
Compared to no opioid use, patients who utilized high dose opioids (>120 MME/day)
chronically had a significantly higher odds of a diagnosis of opioid use disorder in the 18
month post-index period (aOR: 122.5; 95% CI: 72.8-206.0) versus patients who utilized
low dose opioids (1-36 MME/day) chronically (aOR: 14.92; 95% CI: 10.4-21.5) (16).
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For assessing opioid prescribing, it is now common to assess dose intensity via a
standardized MME for medication safety to improve health outcomes.

Several studies have shown adverse events in patients utilizing high dose
benzodiazepines (22-23, 61-62). An analysis of the Brigham and Women’s Primary Care
Practice-Based Research Network (BWPC PBRN) from July 2011 through June 2012
found that patients who received high dose benzodiazepine prescriptions had higher rates
per 100 patients of emergency room visits (rate ratio [RR]: 1.66, 95% CI: 1.49-1.85) and
hospitalizations (RR: 1.81, 95% CI: 1.57-2.08) compared to those who were prescribed
standard doses (23). A nationwide prospective consecutive cohort study of the Swedevox
Register from October 2005 through June 2009 found that among patients hospitalized
for chronic obstructive pulmonary disease (COPD), those receiving high dose
benzodiazepines had a higher risk of mortality compared those without benzodiazepine
utilization (adjusted hazard ratio [aHR]: 1.23, 95% CI: 1.02-1.48) (22). A phase I
randomized, open-label study showed that higher doses of intramuscular diazepam had
numerically higher rates of treatment-emergent and treatment-related adverse events,
although no statistical tests were conducted to assess significance (61). A case-cohort
study by Park et al that used data from the US VHA database of patients prescribed
opioids for acute or chronic non-terminal pain with concurrent benzodiazepine utilization
found that increases in benzodiazepine dose intensity significantly increased the risk of
opioid overdose death after adjusting for patient covariates (62).
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Measuring a standardized benzodiazepine dose with this diazepam milligram
equivalents approach could be of similar importance to the MME/day method to help
reduce adverse outcomes and promote safer prescribing and utilization. This DME
algorithm can be used for by departments of health, payers, and healthcare systems to
assess dose intensity of benzodiazepine utilization overall, as well as among high risk
groups such as elderly patients and those concurrently prescribed opioids as a quality
improvement intervention. This DME algorithm accounted for different medication halflives and dosing frequencies, to standardize a daily benzodiazepine equivalency so that
daily benzodiazepine dose intensity can be assessed on the aggregate population level
regardless of which type of benzodiazepine is utilized. While benzodiazepine
deprescribing and down-tapering is outside the scope of this study, there are several
resources and treatment guidelines available that focus upon these clinical areas (4, 6365).

In this study, patients who were concomitantly prescribed opioids had a higher
mean DME dose (11.65 [95% CI: 11.56-11.74] vs 10.25 [95% CI: 10.22-10.28]). While
it is difficult to ascertain if this difference is clinically significant, it would be expected
that this dose should be lower than those not concurrently utilizing opioids given the risk
of opioid overdose when taken concurrently. In addition, benzodiazepine dose intensity
increased for patients the more days overlap there was of benzodiazepines and opioids,
with patients who concurrently received opioids and benzodiazepines for greater than 90
days had a mean DME of 15.14 (95% CI: 14.84-15.44) compared to those who only had
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overlap between one and six days who had a mean DME of 10.25 (95% CI: 10.22-10.28).
Duration of use remained a significant predictor of log DME/day when adjusting for
covariates with greater than 90 days overlap having a 34% higher log DME (parameter
estimate: 0.337, p<0.0001) versus no concurrent opioid utilization, while patients with 7
to 90 days overlap had approximately a 15% higher log DME (7-30 days parameter
estimate: 0.149, p<0.0001; 31-90 days overlap parameter estimate: 0.158, p<0.0001)
compared to no concurrent utilization. These findings are concerning considering the
risk of overdose when concurrently taking both classes of medications. All opioids and
benzodiazepines have black-box warnings concerning the risk of concomitant utilization
(10, 66). In the previously mentioned Park et al study, they found that compared to
patients with a DME of 0-10, after adjusting for clinical and demographic covariates, the
adjusted hazard ratio (aHR) of death from drug overdose increased from 1.69 (95% CI:
1.42-2.01) for patients with a DME ranging from greater than 10 through 20 to an aHR of
3.06 (95% CI: 2.38-3.92) for patients with a DME greater than 40 (62). When comparing
aHR of death between benzodiazepine specific agents with clonazepam as the
comparator, all had a similar risk of fatal drug overdose except for temazepam which had
a significantly lower aHR of 0.63 (95% CI: 0.48-0.82) (62). These studies illustrate the
importance of assessing benzodiazepine dose intensity for reducing risk of
benzodiazepine related harms such as risk of overdose when concomitantly used with
opioids.
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Another important demographic covariate of benzodiazepine dosing was patient
age. Patients aged 75 years and older had the lowest log DME adjusted estimate at 0.423 (p<0.0001), and those aged 65-74 had the second lowest log DME estimate at 0.267 (p<0.0001). Even though patients 65 years and older had the lowest adjusted log
DME doses, they constituted almost a third of the study population (30.7%).
Benzodiazepines are included in the Beers Criteria for Potentially Inappropriate
Medication Use in Older Adults as they have been associated with increased risk of
cognitive impairment, delirium, falls, fractures, and motor vehicle crashes in the elderly
population (12). While benzodiazepine utilization is cautioned in older patients, the
frequency of benzodiazepine prescribing among older adults observed in this study is
higher than anticipated. A retrospective descriptive study of the LifeLink Rx
Longitudinal Prescription database from 2008 which includes data from approximately
60% of retail pharmacies in the US found approximately 8.7% of patients aged 65 to 80
years had at least one dispensing for a benzodiazepine (67). An analysis of the National
Survey on Drug Use and Health data for 2015 through 2016 estimated that approximately
12.3% of adults 65 years and older used prescription benzodiazepines during the study
period (3). A study analyzing the US VHA database saw a decline in prevalence of
benzodiazepine utilization from 2010 to 2016, however, prevalence was still 7.3% in
2016 (68). Even though patients in our study aged 65 and older had the lowest
benzodiazepine dose intensity after adjustment, it is concerning that they represent almost
44,000 patients 65 years and older filled benzodiazepine prescriptions in RI. Due to the
risks associated with utilizing benzodiazepines in the elderly population, it is important to
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make sure that the benefit of using benzodiazepines in elderly patients outweighs the
inherent risk and that they are using a lower dose intensity to limit the potential risks.
Assessing benzodiazepine dose intensity on a population level can help tailor targeted
intervention strategies aimed towards benzodiazepine utilization in the elderly population
with the goal of decreasing utilization in patients in which the benefits do not outweigh
the risks, as well as informing clinicians to use doses on the lower end of the spectrum in
providing clinical and symptom management.

There is also evidence that benzodiazepine doses in elderly populations can lead
to adverse outcomes (21, 69-70). A case-control analysis of New Jersey Medicaid from
January 1993 through June 1995 found that among patients 65 years or older (hip fracture
patients n=1,222; comparison patients n=4,888), those with a DME per day greater than
6.0 had approximately 50% higher adjusted odds of hip fracture compared to no
benzodiazepine use (21). Patients with a DME of less than 6.0 per day did not have a
significant difference of hip fracture compared to no utilization indicating a
benzodiazepine dose response relationship (21). The risk for hip fracture is most likely
associated with an increased risk of falls with benzodiazepines which leads to fractures.
While this study used a different DME algorithm than what we used, it helps to illustrate
a dose-response element of benzodiazepine utilization with higher doses being associated
with higher risk of adverse outcomes. A case control study of the Quebec health
insurance program database from 2000 through 2009 of patients aged at least 67 found
that patients with previous benzodiazepine utilization had significantly higher odds of
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developing Alzheimer’s compared to those without prior use (aOR: 1.43, 95% CI: 1.281.60) (70). When stratifying the results based on dose exposure (i.e. number of daily
doses), the larger the number of doses, the higher the risk, with patients who had greater
than 180 daily doses of benzodiazepines having an aOR of 1.74 (95% CI: 1.53-1.98) of
developing Alzheimer’s (70). While these case control studies show increased risks of
adverse effects of benzodiazepines at higher doses, their results should be interpreted
cautiously as case-control studies only demonstrate association and are prone to selection
and recall bias as well as nondifferential misclassification (71-72). Future studies are
needed to determine the degree to which the risks of benzodiazepine use among elderly
patients are related to the dose prescribed.

The results of this study also showed that while nearly twice as many females
utilized benzodiazepines compared to males (94,884 vs 48,106), they on average had a
lower mean benzodiazepine dose compared to males (10.08 [95% CI: 10.05-10.11] vs
11.61 [95% CI: 11.54-11.68]) which remained significant after adjusting for covariates
(log DME parameter estimate: -0.148, p<0.0001). Both of these findings are consistent
with what has been seen in the literature (23, 67-68, 73). A study conducted in Canada
found that males aged 18-64 and males 65 years and older had a higher mean DME per
day than females of the same age groups (73). In the aforementioned BWPC PBRN
study, they found that females had lower odds of being prescribed a high benzodiazepine
dose (DME/day ≥30) compared to males (OR: 0.62, 95% CI: 0.52-0.75) (23). This may
be due to differences in indication of use, as dose intensity has been shown to
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significantly differ depending on differential diagnoses (23). However, we were unable
to assess this in the study as the PDMP data for the calendar year 2018 did not include
diagnosis data.

The patient subgroup population that had the largest mean DME dose were
patients who were concomitantly taking benzodiazepines and buprenorphine (18.15 [95%
CI: 17.69-18.61]) which was 74% higher of a mean dose compared to those who were not
prescribed buprenorphine concurrently (10.42 [95% CI: 10.41-10.43]). When adjusting
for covariates we found that concurrent utilization of buprenorphine was the largest
predictor of high dose benzodiazepine utilization (log DME parameter estimate: 0.407,
p<0.0001). Buprenorphine is a partial opioid agonist and is a Schedule III controlled
substance that is indicated in the treatment of opioid use disorder (OUD) (74). The
previously mentioned BWPC PBRN study found that patients with substance use
disorder had a 7.5-fold higher odds of high dose benzodiazepine utilization compared to
those without substance use disorder (OR: 7.47, 95% CI: 5.53-10.09) (23). One reason
for this may be that patients with OUD or substance use disorders have a higher
prevalence of anxiety than the general population (75). An analysis of the National
Epidemiologic Survey on Alcohol and Related Conditions from 2001-2002 found that
approximately 36.3% of patients with OUD also had anxiety disorder compared to only
16.2% of the general population (75). Another reason may be due to comorbid OUD and
alcohol use disorder (AUD). Higher doses of benzodiazepines are required in the
management of acute alcohol withdrawal than for several other indications. Given the
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fact that approximately 38% to 45% of patients with OUD also have AUD (76-78),
benzodiazepine utilization in the treatment of alcohol withdrawal may have also
contributed to these patients having a mean DME per day higher than patients not
concurrently utilizing buprenorphine.

The concomitant use of buprenorphine and benzodiazepines has also been linked
to patient fatalities (37-38, 79). Patients with dependence or addiction to opioids have a
higher likelihood of developing dependence to other substances with addictive properties,
which is why it can be problematic for patients who are using buprenorphine for
treatment of OUD to concurrently use other prescription controlled substances such as
benzodiazepines (80). Buprenorphine’s package insert warns about the potential risks of
respiratory depression with concomitant prescribing of benzodiazepines, while cautioning
to not abruptly withhold treatment for OUD as this may also lead to unintended adverse
effects. (68, 81). Buprenorphine products are most often prescribed for opioid use
disorder (OUD), and while some formulations are approved only for pain management,
studies have shown that in clinical practice they are also being used off-label for OUD
(82-83). In turn, it is not possible to determine which patients are using plain
buprenorphine (sans naloxone) for pain management as no diagnosis codes are available
in the dataset for 2018.

Patients concurrently taking stimulants also had a significantly higher mean
DME/day (14.27, 95% CI: 14.04-14.50) compared to those patients without concurrent
26

stimulant utilization (mean DME/day: 10.69, 95% CI: 10.68-10.70) which also remained
significant after adjusting for covariates (log DME parameter estimate: 0.2221,
p<0.0001). Higher benzodiazepine doses in this group may have been used to oppose the
opposite neurologic mechanistic effect of central nervous system (CNS) stimulants. In
addition, another contributing factor is that lower doses were seen to be used in patients
65 years and older who comprised 30.7% of the sample population (n=43,903;
N=143,026) but only 7.1% of the patients who concurrently used stimulants (n=772;
N=10,932). Due to the opposite neurologic mechanistic effects of these two classes of
medications, in future studies it will be important to assess the impact of DME dose
intensity on adverse outcomes when taken concurrently.

Examining benzodiazepine dose intensity can be important from a quality
improvement perspective. It allows relevant stakeholders to assess on a population level
where areas of opportunity lie for addressing highest risk benzodiazepine utilization. In
addition, it provides an avenue for assessing whether patients with higher risk utilization
such as older adults, or concurrent utilization with interacting agents such as opioids,
buprenorphine, or stimulants are utilizing benzodiazepines at lower doses to reduce risk
of adverse outcomes. Future studies are needed to assess the impact of benzodiazepine
dose intensity in these patients with higher risk to assess the extent to which higher doses
lead to adverse outcomes such as overdoses, emergency department visits,
hospitalizations, and avoidable healthcare resource utilization.
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1.6 Limitations:

The findings of this study should be considered in respect to the study limitations.
First, there were no diagnosis codes available in the PDMP dataset and therefore we
cannot assess clinical diagnoses related to benzodiazepine dose intensity. In addition,
clinical information such as comorbid conditions, type of prescriber, and healthcare
resource utilization, clinically important covariates and predictors were not able to be
assessed in the multivariable analyses. Due to the different dosing recommendations in
the medication’s package insert depending on the specific indication (e.g. anxiety, panic
disorder, seizure disorder, alcohol withdrawal), not having the ability to include these
clinical indications as independent variables in the dataset are a potential limitation. If
having clinical indication for which the benzodiazepine prescription was prescribed, we
could have conducted separate analyses per each clinical indication to examine how dose
intensity varied across the different covariates based on indication. Clinical indication is
now required for every controlled medication prescribed in Rhode Island as of August
2018, and future studies may be able to address this. Additionally, if clinical conditions
were included in the dataset such as diagnoses accompanying healthcare utilization in
claims data, we could have included different comorbidities or indications as additional
independent variables in the model. Another key variable we were unable to adequately
assess due to the limited study period of only one year was duration of use. Patients
prescribed benzodiazepines for a longer duration may develop tolerance and require
higher doses to achieve the same previous clinical response. If we were able to assess
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duration of use, we could have included this as an additional independent variable in the
model to assess how duration of use contributed to benzodiazepine dose intensity.
Incorporating these factors would have likely increased the predictability of the model.

A limitation of retrospective pharmacy data is that we do not know how the
patient consumed the medication after it was dispensed. We therefore do not know if the
prescriber advised the patient to discontinue either the benzodiazepine and/or the other
prescription controlled medication when they were available concurrently. An additional
limitation of this study is that Medicare Advantage plans are commonly classified as
commercial insurance in the PDMP database and we therefore recoded claims filled
through commercial insurance status for patients at least 65 years of age as Medicare.
While this may overestimate the patients and prescriptions as Medicare insurance, we
believe that our approach more accurately classifies these older patients’ payment type
than if we had kept them as originally designated as having commercial insurance.
Another limitation is that we were not able to account for patient socioeconomic
information that may impact the study results. However, a study examining the US
Medicaid State Drug Utilization Data found that household income, poverty rate,
unemployment rate, and states that expanded Medicaid access did not have any
statistically significant impact on benzodiazepine dose intensity (84). We were also
unable to assess sociodemographic variables such as race and ethnicity as these are not
included in the PDMP dataset, and thus the study’s results may be impacted due to this.
Future studies are needed to assess how these sociodemographics impact benzodiazepine
29

dose intensity. A limitation of the DME algorithm is that it does not take into account
differing metabolism effects, as certain benzodiazepines such as lorazepam are suggested
to have dose reductions in patients with hepatic deficiencies which is not accounted for in
the algorithm (32).
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1.7 Conclusion:

This study showed significantly higher benzodiazepine dose intensity for patients
concurrently utilizing opioids compared to those without concurrent use. Dose intensity
increased significantly the longer the days overlap with patients with more than 90 days
overlap having the highest dose intensity. We also found significantly higher adjusted
mean daily DME for males, patients with Medicare or Medicaid insurance, and patients
with concurrent utilization to stimulants, or buprenorphine. Determining dose intensity
using this DME approach may aid efforts to reduce adverse outcomes associated with
benzodiazepine utilization, particularly among patients who are concurrently prescribed
opioids. Additional studies are needed to apply the DME/day approach to determine the
association between benzodiazepine dosing intensity and outcomes including opioid
overdose, falls, and long-term effects such as dementia and overall mortality.
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Table 1: Created Standardized Diazepam Milligram Equivalency Algorithm
Medication

Equivalence

Conversion Factor

Alprazolam

0.50mg

10.00

Chlordiazepoxide

12.50mg

0.40

Clobazam

10.00mg

0.50

Clonazepam

0.50mg

10.00

Clorazepate

7.50mg

0.67

Diazepam

5.00mg

1.00

Estazolam

0.67mg

7.50

Flurazepam

15.00mg

0.33

Lorazepam

1.00mg

5.00

Oxazepam

15.00mg

0.33

Temazepam

10.00mg

0.50

Triazolam

0.25mg

20.00
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Table 2: Mean Daily Diazepam Milligram Equivalents in Rhode Island Prescription Drug
Monitoring Program for the Patient’s Most Recently Dispensed Benzodiazepine
Prescription in 2018
Number of
Patients (%)
143,026 (100%)

Mean
DME/Day
10.60

Std

95% CI

9.05

10.56-10.64

Male

48,106 (33.6%)

11.61

9.62

11.54-11.68

Female

94,884 (66.3%)

10.08

8.70

10.05-10.11

18-34

18,672 (13.1%)

9.92

8.68

9.80-10.04

35-49

31,007 (21.7%)

11.53

10.05

11.43-11.63

50-64

49,444 (34.6%)

11.29

9.52

11.22-11.36

65-74

25,745 (18.0%)

10.20

8.30

10.11-10.29

75+
Commercial
insurance
Medicaid

18,158 (12.7%)

8.37

6.61

8.28-8.46

65,835 (46.0%)

9.90

8.35

9.85-9.95

17,433 (12.2%)

12.97

10.80

12.83-13.11

Medicare

40,113 (28.0%)

11.16

9.54

11.08-11.24

Cash

15,203 (10.6%)

9.35

7.90

9.23-9.47

Other

4,442 (3.2%)

10.72

8.59

10.47-10.97

Providence

67,293 (47.0%)

11.06

9.56

11.01-11.11

Kent

24,844 (17.4%)

10.94

9.04

10.84-11.04

Washington

15,383 (10.8%)

10.20

8.48

10.07-10.33

Bristol

5,775 (4.0%)

10.02

8.62

9.80-10.24

Newport

8,825 (6.2%)

10.14

9.05

9.96-10.32

Out of state

20,906 (14.6%)

9.35

7.66

9.25-9.45

Opioid

35,357 (24.7%)

11.65

9.57

11.56-11.74

No opioid

107,669 (75.3%)

10.25

8.84

10.22-10.28

0 Days

107,669 (75.3%)

10.25

8.84

10.22-10.28

1-6 Days

15,189 (10.6%)

9.79

7.45

9.68-9.90

7-30 Days

11,940 (8.3%)

12.26

10.22

12.08-12.44

31-90 Days

2,727 (1.9%)

12.35

10.02

11.98-12.72

91+ Days
Stimulant

5,501 (3.8%)

15.14

11.68

14.84-15.44

10,932 (7.6%)

14.04

12.22

13.82-14.26

No stimulant

132,094 (92.4%)

10.31

8.67

10.30-10.32

Buprenorphine

3,225 (2.3%)

18.15

13.52

17.69-18.61

No buprenorphine

139,801 (97.7%)

10.42

8.84

10.41-10.43

Patient Demographics
Intercept
Gender

Age

Payment

County

Concurrent
opioid Rx
Concurrent
opioid
stratified by
number of
days overlap
Concurrent
stimulant Rx
Concurrent
buprenorphine
Rx

Note: DME: diazepam milligram equivalents; Std: Standard deviation; CI: confidence
intervals; Rx: prescription
P value < 0.01 for all comparisons
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Table 3: Total Number of Prescriptions Dispensed for Each Benzodiazepine Type; 2018
RI PDMP
Medication

Total Prescriptions in
2018

Patents Receiving Benzodiazepine
(Based on Most Recent Dispensing)

N (%)

N (%)

Clonazepam

175,224 (31.4%)

37,048 (25.9%)

Alprazolam

157,053 (28.2%)

41,091 (28.7%)

Lorazepam

146,892 (26.4%)

42,260 (29.6%)

Diazepam

51,607 (9.3%)

16,575 (11.6%)

Temazepam

18,111 (3.2%)

3,657 (2.6%)

Triazolam

3,010 (0.5%)

1,139 (0.8%)

Clorazepate

2,073 (0.4%)

485 (0.3%)

Chlordiazepoxide

1,493 (0.3%)

400 (0.3%)

Oxazepam

812 (0.1%)

182 (0.1%)

Clobazam

556 (0.1%)

92 (0.1%)

Flurazepam

363 (0.1%)

79 (0.1%)

Estazolam

77 (<0.1%)

19 (<0.1%)
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Table 4: Increase in Log of Mean Diazepam Milligram Equivalents (DME) per Day
according to Clinical and Demographic Covariates (N = 143,026)
Patient Demographics
Intercept
Male
Gender
Female
18-34
35-49
Age
50-64
65-74
75+
Commercial
insurance
Medicaid
Payment
Medicare
Cash
Other
Providence
Kent
Washington
County
Bristol
Newport
Out of State
0 Days
1-6 Days
Concurrent
7-30 Days
opioid use
31-90 Days
91+ Days
Yes
Concurrent
stimulant use
No
Concurrent
Yes
buprenorphine
No
use

Parameter Estimate Standard Error
2.264
0.009
Reference
-0.148
0.004
-0.116
0.007
Reference
0.003
0.005
-0.267
0.008
-0.423
0.008

P value
<0.0001
<0.0001
<0.0001
0.5594
<0.0001
<0.0001

Reference
0.221
0.325
0.166
0.201

0.006
0.007
0.008
0.012

<0.0001
<0.0001
<0.0001
<0.0001

0.005
0.006
0.010
0.008
0.006

<0.0001
<0.0001
<0.0001
<0.0001

0.006
0.007
0.134
0.010
0.007

<0.0001
<0.0001
<0.0001
<0.0001

0.013

<0.0001

Reference
0.013
-0.028
-0.063
-0.080
-0.091

0.0139

Reference
0.010
0.149
0.158
0.337
0.221

0.098

Reference
0.407
Reference

R2= 0.078

48

Manuscript 2:

Title: Development and Application of a Population Level Measurement Framework for
Prescription Controlled Medication Utilization
Eric P Borrelli, PharmD, MBA1, 2; Rouba Youssef, PhD2; Blake Morphis, BS2; Laura C
Chambers, PhD, MPH3; Benjamin Hallowell, PhD3; Mary L. Greaney, PhD, MPH4;
Jeffrey Bratberg, PharmD1, 3; Stephen J Kogut, PhD, MBA, RPh1
1.
2.
3.
4.

University of Rhode Island College of Pharmacy, Kingston, RI
Healthcentric Advisors, Providence, RI
Rhode Island Department of Health, Providence, RI
University of Rhode Island College of Health Sciences, Kingston, RI

Corresponding Author: Eric P. Borrelli, University of Rhode Island College of Pharmacy,
7 Greenhouse Rd, Kingston, RI, 02881, email: EricBorrelli@my.uri.edu

Funding: None
Keywords: Opioids, Benzodiazepines, Buprenorphine, Care Coordination,
Polypharmacy, Controlled substance utilization
Target Journal: Journal of Managed Care & Specialty Pharmacy
Publication Status: In preparation for submission to the Journal of Managed Care &
Specialty Pharmacy

49

2.1 Abstract

Objective: To develop a population based controlled medication utilization measurement
framework that uses pharmacy data solely; and pilot test its application using real-world
data.
Methods: We performed an environmental scan, reviewed the literature, and consulted
with clinical experts to locate existing measures and/or develop new measures related to
prescription controlled medication utilization. We then applied the framework we
created to data from the Rhode Island Prescription Drug Monitoring Program for the
calendar year 2018. Measure rates were calculated for the overall population as well as
for different covariates with corresponding 99% confidence intervals (CI). Multivariate
logistic regression models were developed for each dichotomous quality measure to
assess differences across covariates with corresponding adjusted odds ratios (aOR) and
95% CI.
Results: In total, the measurement framework contained 16 measures that fit across four
domains: opioid utilization (five measures), benzodiazepine utilization (five measures),
care coordination (two measures), and buprenorphine use (four measures). There were
368,490 patients who received a prescription for a controlled medication in RI in 2018.
The measures for patients with initial opioid dispensings who become chronic utilizers,
patients with 5 or more controlled medication providers or pharmacies, and nonadherence
to buprenorphine showed better aggregate results than other measures compared to what
has been previously seen in the published literature. Some measures of greatest concern
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were that 15.60% (99% CI: 15.07-16.14) of patients with a prescription for tramadol had
chronic utilization of tramadol, 15.31% (99% CI:15,07-15.56) of patients with a
benzodiazepine had a daily diazepam milligram equivalence of at least 20, and that of
patients with at least one prescription for buprenorphine, 17.66% (99% CI: 16.85-18.48)
had concurrent utilization with a benzodiazepine and 31.36% (99% CI: 30.37-32.35) had
concurrent utilization with another prescription controlled medication. Some of the most
influential factors associated with opioid and benzodiazepine utilization were patient age,
sex, and payment type.
Conclusion: This study provides a novel framework to comprehensively evaluate
controlled medication utilization on a population level spanning across four different
controlled medication domains. In applying this framework to the RI PDMP, we
illustrate how an entire state performs for each quality improvement measure, while also
assessing the impact of patient demographic factors.
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2.2 Introduction

In recent years, several quality measures and frameworks have become available
related to prescription opioid utilization, however they have a narrow scope of
application (1-2). One of the most prominent sets of opioid measures, developed by the
Pharmacy Quality Alliance (PQA), includes concurrent utilization of opioids and
benzodiazepines, use of opioids in high doses, use of opioids from multiple prescribers,
and initial opioid prescribing for long durations (1). While this set of measures is highly
recognized, it only assesses one aspect of controlled medication utilization (opioids) and
concurrent utilization of one specific class of controlled medication (benzodiazepines)
(1). A controlled substance quality measurement framework created by Optum Labs
addresses controlled medication prescribing across four domains related to opioids:
opioid harm prevention, pain management, opioid use disorder treatment, and maternal
and child health (2). While this framework includes 29 different measures along with a
description of how each measure is calculated, a majority of the included measures
require medical health information in addition to prescription claims data, limiting the
application of this framework to entities that have access to these data and the necessary
analytic resources. Therefore, a set of quality measures addressing prescription
controlled medication utilization that requires only pharmacy claims data would be of
value to departments of health and pharmacy benefit sponsors.
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Approximately 50 million adults in the United States (U.S.) suffered from chronic
pain in 2016, with almost 20 million of them having high impact pain that interfered with
work or daily life (3). In 2017, there were greater than 75 million dispensed prescriptions
of opioid medications to the Medicare Part D population alone (4). Fatal overdoses
involving opioids have been increasing annually in the U.S. from an estimated 25,052 in
2013 to 47,600 in 2017, with 35% in 2017 attributed to the use of prescription opioids (57). While fatal opioid overdoses decreased in 2018 for the first time in 25 years (8-9),
they increased in 2019 to record highs with over 50,000 opioid overdoses (9-10), with
preliminary results expecting even higher results in 2020 (10). Although opioid
prescribing has received increased attention in recent years, all controlled medications
have potential adverse outcomes and require judicious prescribing to mitigate risks. The
concurrent use of opioids and other controlled medications significantly increases risks of
adverse outcomes such as respiratory depression and death (7, 11-14). Benzodiazepines
can cause an increased risk of falls potentially leading to fractures and hospitalizations in
addition to their increased risk of respiratory depression when taken concomitantly with
opioids (15-16).

All controlled medications have a risk of addiction, which is evidenced in their
classification as controlled substances by the U.S. Drug Enforcement Administration
(DEA). The U.S. DEA classifies medications, substances, and chemicals that have a
potential for abuse or dependence into five schedules (the word class can also be used
interchangeably) (17). These schedules range from Schedule V which contains
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medications or chemicals that have the lowest risk for dependence or abuse of controlled
substances, whereas Schedule-I are chemicals/substances that have the highest risk of
abuse or dependence and have no currently acceptable medical use (17). Of note,
Schedule-II controlled substances have the highest risk of abuse or dependence among
prescription medications (17). Most opioids are Schedule-II controlled substances with
the exception of codeine in combination with either acetaminophen or aspirin which are
Schedule-III, tramadol which is Schedule-IV, butorphanol which is Schedule-IV, and
codeine cough suppressants which are Schedule-V controlled substances. Buprenorphine
containing medications are Schedule-III controlled substances, and all benzodiazepines as
well as nonbenzodiazepine sedative hypnotics (“Z-Drugs”) are Schedule-IV controlled
substances.

Prescription controlled medication utilization has been increasing in the U.S. over
the past couple decades. An analysis of the National Health and Nutrition Examination
Survey (NHANES) from 1999 through 2012 found statistically significant increases in
the utilization of narcotic analgesics, benzodiazepines, and central nervous system (CNS)
stimulants over the 14-year period (18). In addition, tramadol, which is one of the few
non-Schedule-II opioid medications, saw an increase in utilization of greater than 22% in
the U.S. from 2011 through 2015, even with the U.S. DEA reclassifying it from not being
a controlled medication to being a Schedule-IV controlled medication in October 2014
(19).
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A concerning aspect of the increased utilization of controlled medications is the
high risk of adverse effects when different controlled medications are taken concurrently.
Approximately 50% of prescription opioid overdoses that occurred between July 2017
and June 2018 included concurrent benzodiazepine utilization (7). There are also risks
associated with the concurrent use of other controlled medications. A case-control study
in British Columbia from 2015 through 2016 assessing opioid overdose found that
patients with opioid overdose were more likely to have received other controlled
medications compared to their controls (benzodiazepines/non-benzodiazepine sedative
hypnotics odds ratio (OR): 8.24, 95% confidence intervals (CI): 7.59-8.94;
gabapentinoids OR: 10.06, 95% CI: 5.95-11.31; skeletal muscle relaxants OR: 7.04, 95%
CI: 5.92-8.36; and stimulants OR: 3.63, 95% CI: 2.99-4.39) (13). Toxicology analyses of
unintentional fatal opioid overdoses in Rhode Island from July 2016 through December
2016 found that 24% of cases were positive for benzodiazepines, 11% were positive for
prescription stimulants, and 10% were positive for anticonvulsants (20). The
concomitant use of buprenorphine and benzodiazepines have also been linked to patient
fatalities (21-22). In addition, a retrospective cohort study found that patients who were
taking buprenorphine or methadone for opioid use disorder (OUD) treatment with
concomitant use of either nonbenzodiazepine sedative hypnotics or pregabalin had a
significantly increased risk of overdose fatality (adjusted hazard ratio (aHR): 2.34 95%
CI: 1.37-3.99; aHR: 2.84, 95% CI: 1.48-5.45, respectively), compared with those without
prescriptions for buprenorphine or methadone (23). From 2007 through 2017, there was
also a significant increase of more than 6-fold in overdose deaths associated with the
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concurrent use of opioids and psychostimulants which includes dextroamphetamine,
levoamphetamine, and methylphenidate, among other substances such as
methamphetamine and 3,4-methylenedioxy-methamphetamine (MDMA) (12).

Due to the risks of prescription opioids and other controlled medications, and
safety concerns of concomitant use of controlled medications, a measurement framework
assessing controlled medication prescribing on a population level could aid efforts of
health system stakeholders to identify and improve how controlled medications are
utilized in their populations. Therefore, the objective of this study was to develop a
population based controlled medication utilization measurement framework that uses
pharmacy data solely; and to pilot test its application using real-world data. The
developed framework will fill a current gap in the literature and clinical practice by
providing a comprehensive set of measures set across multiple domains of prescription
controlled medication utilization. In addition, by providing measures that can be
calculated using only prescription data, it increases the application and feasibility of
various stakeholders using this framework in their quality improvement approaches to
prescription controlled medication utilization.
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2.3 Methods
Study Design
This project consisted of two distinct phases. Phase 1 entailed performing a
literature review and an environmental scan to identify quality measures used to assess
controlled medication prescribing and utilization on a population level. The identified
measures were then narrowed down to a final set that would be included in a
comprehensive measurement framework. Phase 2 involved applying the measurement
framework developed in Phase I to data from the Rhode Island (RI) Prescription Drug
Monitoring Program (PDMP).

Environment Scan Strategy
We performed an environmental scan, reviewed the literature, and consulted with
clinical experts to locate existing measures and/or develop new measures. In addition,
the consultations with clinical experts sought to identify areas of greatest need related to
controlled medication prescribing and utilization where quality measures could provide
the greatest impact. The environmental scan consisted of targeted searches on
PubMed/Medline, a grey literature search of Google and Google Scholar, and reviews of
organizations’ websites that are relevant to the project’s scope. The measures to be
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included in the framework were to be represented as percentages and specified to have
the same directionality, with lower scores representing better performance.

Inclusion and Exclusion Criteria for Selecting Measures
We sought measures that assessed prescription controlled medication utilization
and had a high clinical relevance. We included measures that could be calculated
utilizing only pharmacy level data to allow a more generalized application of the
framework. Measures identified that required medical data in their calculation were
assessed to see if they could be modified so that they could be calculated using
prescription only level data. We also developed new measures de novo that were
informed by our knowledge and expert consultants for clinical topics in which no
available measures were identified. Once we finalized the initial list of measures, we
then narrowed the list down to the most relevant and clinically meaningful measures, as
well as identified measures that fit within areas of greatest need identified by clinical
experts. Measures that were identified that had similar themes were also narrowed down
to just one, so that the final list did not have substantial overlap between measures.

Data Source
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This measurement framework was applied using data from the PDMP of RI. The
RI PDMP includes data of controlled medications dispensed by all community
pharmacies with a controlled substance registration in RI, but does not include
medications provided by all entities in the healthcare system, such as the Veterans Affairs
Health (VHA) system, clinics such as methadone clinics, and inpatient hospitalizations.
A description of this database is available on the RI Department of Health’s website (24).

Application to Data from the RI Prescription Drug Monitoring Program (PDMP)
We employed a cross sectional study design using one year of data from the RI
PDMP from January 1, 2018 through December 31, 2018, and the sample was limited to
patients 18-years and older. We excluded non-relevant controlled medications
(antidiarrheal, anabolic steroids, human growth hormone, and testosterone) and certain
medication formulations that are not typically used on a daily basis (gel, suppository, and
midazolam injectables). Powder formulations were not analyzed due to the inability to
adequately assess dose and accurate day supply. Patients whose medications and
respective formulations were indicative of hospice or cancer diagnosis (solution
formulations of: hydromorphone, meperidine, methadone, morphine, oxycodone;
lozenge/troche formulation of fentanyl) [Appendix Table 1] were also excluded since
they are generally prescribed during end of life care which involves a different clinical
context than use for acute or chronic pain relief (25). Covariates in the analysis included
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sex (male, female), age group (18-34, 35-49, 50-64, 65-74, 75+), payment method
(commercial insurance, Medicaid, Medicare, cash, other), and RI county of residence
(Providence, Kent, Bristol, Newport, Washington, out of state) assigned according to the
most recently dispensed prescription. As it appeared that “Medicare Advantage” health
plans were often misclassified as “commercial insurance” in the RI PDMP, we decided to
reclassify prescriptions filled for patients 65 years and older with “commercial insurance”
as “Medicare”.

Statistical Analysis
Measure rates were calculated for the overall population as well as for the
covariates. Descriptive statistics were used to assess differences in the covariates of age
group, sex, payment type, and RI county of residence. Ninety-nine percent CIs were
calculated using standard error and denominator size for measure rates (26). Multivariate
logistic regression models were developed for each of the dichotomous measures. The
dependent variable was the dichotomous measure outcome; for example, whether the
patient concurrently utilized prescription opioids and benzodiazepines (yes vs no).
Independent variables included in the models were the covariates (sex, age group,
payment method, and state county of residence). All independent variables contained at
least one strata with a significance (p-value) of less than 0.25 in bivariate analyses, and
were thus all included in the final models (27-28). Collinearity of independent variables
was assessed by examining condition indices (29). However, no collinearity was seen
between any two independent variables and therefore no variables were removed at this
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stage of the analysis. The measure of effect was adjusted odds ratios (aOR) with
corresponding 95% confidence intervals representing the increased risk of undesired
performance for each quality measure while controlling for the demographic and clinical
covariates described above. All analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC).
This study was approved by the Institutional Review Board (IRB) at the Rhode Island
Department of Health and at the University of Rhode Island.
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2.4 Results

Selected Quality Measures
In Phase 1, 46 measures relevant to controlled medication utilization were
identified. Of these, 7 measures were excluded because they required data sources other
than pharmacy claims data and were unable to be modified to be calculated using solely
pharmacy level data. There were 23 measures that were excluded because they addressed
similar themes of included measures. In all, the search process yielded 9 measures that
made the final list that were either applied as specified or adapted for application to
pharmacy data solely. In addition, 7 measures were developed de novo to address
important themes as identified by collaborators to the project. This resulted in a final list
of 16 measures. The measures that were identified fit within four key domains: opioid
utilization (five measures), benzodiazepine utilization (five measures), care coordination
(two measures), and buprenorphine utilization (four measures) [Table 1, Appendix Table
3].

Domain 1: Opioid Utilization
•

Mean morphine milligram equivalents (MME)/day per patient (based on most
recent dispensing)

•

Patients with opioid dose ≥90 MME/day (based on most recent dispensing)

•

New opioid fillers who become chronic utilizers

•

Chronic tramadol utilization
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•

Concurrent use of opioids and any other non-opioid controlled medication

New users of opioids were defined as patients who had a first opioid dispensing after
a period of at least 90 days without an opioid dispensing, with these 90 days occurring
during the start of the calendar year. Consistent with the literature for the definition of
chronic opioid utilization, we defined chronic use of tramadol to be at least 120
cumulative days’ supply within the calendar year (14, 30-31). To be included in the
calculations for chronic opioid use and chronic tramadol use specifically, patients had to
have their first dispensing be more than 120 days before the end of the calendar year.
This was done to allow patients to have enough time to accumulate enough days worth of
medication to be able to qualify for chronic utilization.

For new opioid fillers who become chronic utilizers, we considered chronic use as at
least 90 cumulative days in the calendar year (32), rather than 120 days as has been used
in other research (14, 30-31). This was because these measures assess a time period of
only nine months of utilization instead of the full year, with the first three months of the
year defining a period without opioid prescriptions to establish that the opioid
prescription was new. Concurrent use was defined as at least seven cumulative days
overlap between the two medications or medication classes (33-35), with overlap being
calculated based upon prescription fill dates and day supply (36). Mean MME per patient
per day and MME greater than or equal to 90 MME/day were calculated based upon the
patient’s last documented opioid dispensing during the measurement period. Opioid dose
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of 90 MME/day or greater was chosen per the Centers for Disease Control and
Prevention (CDC) opioid prescribing guidelines (25) and is currently a measure tracked
by the Rhode Island Department of Health (DoH) (32).

Domain 2: Benzodiazepine Utilization
•

Mean diazepam milligram equivalents (DME)/day per patient (based on most
recent dispensing)

•

Patients with benzodiazepine dose ≥20 DME/day (based on most recent
dispensing)

•

Co-prescribing of opioids and benzodiazepines within a 30-day period

•

Concurrent use of opioids and benzodiazepines

•

Chronic concurrent use of opioids and benzodiazepines

Diazepam milligram equivalents (DME) were derived in a prior study by Borrelli et
al who attempted to create a standardized daily diazepam milligram equivalency for all
oral benzodiazepines (37). The DME algorithm accounts for medication half life and
dosage recommendations to provide a benzodiazepine daily milligram equivalency (37).
Similar to using mean MME/day to assess opioid dose intensity utilization, using mean
DME/day to assess benzodiazepine dose intensity utilization may help in evaluating the
intensity of benzodiazepine utilization on a population level. Mean daily DME per
patient and DME greater than 20 DME/day were calculated based upon the patient’s last
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documented dispensing. The concurrent use of opioids and benzodiazepines was defined
as at least seven cumulative days overlap between the two medications or medication
classes (33-35). Rhode Island regulations limit opioid naïve patients to an initial opioid
prescription for a maximum of five days. Therefore, we decided on a seven day overlap
definition of concurrent therapy, so that we did not overestimate the measure results by
including patients who received only one opioid prescription in the acute setting. The
chronic use of opioids and benzodiazepines was defined as at least 120 cumulative days
overlap between the two medications or medication classes, which is consistent with the
published literature (14, 30-31).

Domain 3: Care Coordination
•

Patients with > 4 prescribers of controlled medications

•

Patients with > 4 pharmacies dispensing controlled medications

The care coordination domain consists of two quality measures: patients with five or
more prescribers for controlled medications, and patients receiving controlled medication
prescriptions from five or more physical pharmacies locations. The cutoff point of five
or more for prescribers and pharmacies was chosen a priori to be consistent with
thresholds used in published research (38-40).

Domain 4. Buprenorphine Utilization
•

Non-adherence with buprenorphine
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•

Concurrent use of buprenorphine and opioids

•

Concurrent use of buprenorphine and benzodiazepines

•

Concurrent use of buprenorphine and any non-buprenorphine controlled
medication

The concurrent use of buprenorphine with opioids, benzodiazepines, or any other
controlled medication also required at least seven days overlap based upon prescription
fill dates and day supplies (33-35). All buprenorphine products were included in these
analyses, as buprenorphine is most commonly used for opioid use disorder (OUD), and
while some products and formulations are indicated only for pain, studies have shown
that in clinical practice they are also used off-label for OUD (41-42). Buprenorphine
adherence was calculated for patients with at least 2 buprenorphine dispensings, using the
modified medication possession ratio (mMPR) as the percent of days covered from first
fill identified in the database to last fill plus the days’ supply of the last fill of
buprenorphine. This method may overestimate the adherence of buprenorphine
compared to measuring adherence from the index fill date through the end of the calendar
year. While some adherence measures define the denominator as the interval from the
first dispensing to the last day of the measurement period, this approach was not suitable
for our purposes, as it would classify as nonadherent those patients who moved out of
state, switched therapies (switched to methadone or naltrexone not captured in the
database), were taking buprenorphine for pain management, or patients who passed away
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during the study period. The adherence threshold was set at 80% of days covered which
is consistent with previous research (43-45).

Sample Population
We applied these measures to the RI PDMP database for 2018. In this data set,
there were 368,490 patients who received 1,735,224 prescriptions for controlled
medications from RI licensed pharmacies [Table 2] [Figure 1]. Almost 60% of patients
were male, while almost half of patients filled prescriptions through commercial
insurance (48.8%) and just under a third were classified as having Medicare insurance
(31.5%) based upon their most recent prescription dispensing. Almost a third of patients
were aged 50-64 (31.5%), while more than a quarter were 65 years and older (26.5%).
Medication classes with the most prescriptions were benzodiazepines with 557,271,
followed by opioids with 518,981, stimulants for attention deficit hyperactivity disorder
(ADHD) with 298,386, non-benzodiazepine insomnia medications (i.e. “Z-drugs”) with
123,761, buprenorphine products with 97,311, and codeine containing cough
suppressants with 34,317.

Quality Measure Rates:
Domain 1. Opioid Utilization
Just over 3% of initial opioid fillers continued to chronic use (3.07%, 99% CI:
2.87-3.27) [Table 1, Figure 1]. The mean opioid dose per patient was 30.7 MME/day
(standard deviation [SD]: 94.03), while 3.58% (99% CI: 3.47-3.70) of opioid utilizers had
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a daily opioid dose of 90 MME/day or greater. Among patients who filled prescriptions
for tramadol, 15.60% received it chronically (99% CI: 15.07-16.14). For patients with at
least one opioid prescription, 15.09% (99% CI: 14.86-15.31) had at least 7 days overlap
with a non-opioid prescription controlled medication.

Domain 2. Benzodiazepine Utilization
The mean benzodiazepine dose per patient was 10.60 DME/day (SD: 9.05) while
15.31% (99% CI: 15.07-15.56) of patients had a benzodiazepine dose of 20 DME/day or
greater. For patients with at least one opioid prescription, 12.45% (99% CI: 12.24-12.67)
had a benzodiazepine prescription dispensed within a 30-day period of an opioid
dispensing, 10.28% (99% CI: 10.09-10.47) had 7 or more days of concomitant use of
opioids and benzodiazepines, and 2.93% (99% CI: 2.82-3.03) had 120 days or more of
concomitant use of opioids and benzodiazepines [Figure 2].

Domain 3. Care Coordination
For patients with at least one prescription controlled medication, 2.11% (99% CI:
2.05-2.18) were dispensed controlled medications issued by 5 or more prescribers, while
0.61% (99% CI: 0.58-0.64) received controlled medications from 5 or more pharmacies
[Figure 3].

Domain 4. Buprenorphine Utilization
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For patients utilizing buprenorphine, 17.36% of patients were classified as
nonadherent (99% CI: 16.35-18.38) [Figure 4]. For patients with at least one
buprenorphine prescription, approximately 4.59% (99% CI: 4.14-5.03) had at least 7 days
overlap with opioids, 17.66% (99% CI: 16.85-18.48) had at least 7 days overlap with
benzodiazepines, and 31.36% (99% CI: 30.37-32.35) had at least 7 days overlap with any
non-buprenorphine controlled medication.

Logistic Regression Results:
Measure results varied according to the demographic factors evaluated in the
models. The most influential factors associated with opioid utilization included age and
gender. Compared to patients 35-49 years, patients 65-74 years and 75 and older had
higher odds of transitioning to chronic opioid utilization after initial fill (aOR: 1.25, 95%
CI: 1.01-1.55; aOR: 1.69, 95% CI: 1.36-2.09, respectively). These groups also had
increased odds of chronic tramadol utilization (aOR: 1.24, 95% CI: 1.09-1.42; aOR: 1.16
95% CI: 1.02-1.33, respectively), but lower odds of MME/day of at least 90 (aOR: 0.57,
5% CI: 0.52-0.62; aOR: 0.35, 95% CI: 0.31-0.39, respectively) and concurrent use of
opioids and any non-opioid controlled medication (aOR: 0.79, 95% CI: 0.75-0.84; aOR:
0.61, 95% CI: 0.58-0.65, respectively) ([Table 3]. Compared to males, females had a
lower adjusted odds for having a prescription with an opioid dose of at least 90 MME/day
(aOR: 0.68, 95% CI: 0.64-0.71) while having a higher adjusted odds for concomitant use
of opioids and any non-opioid controlled medication (aOR: 1.51, 95% CI: 1.46-1.55).
For each measure of the opioid utilization domain and the benzodiazepine utilization
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domain, compared to commercial insurance, all other payment statuses had significantly
higher adjusted odds of undesired performance [Table 4].

For each measure of the benzodiazepine utilization domain, compared to patients
aged 35-49, patients 18-34 years, 65-74 years, and 75 and older all had lower adjusted
odds of undesired performance. Patients aged 50-64 had significantly higher adjusted
odds compared to patients aged 35-49 for all benzodiazepine measures except for
benzodiazepine dose of at least 20 DME/day in which they had a lower adjusted odds
(aOR: 0.90, 95% CI: 0.86-0.93).

For the care coordination measures, patients 65 years and older had lower
adjusted odds of having more than 4 prescribers as well as more than 4 pharmacies
compared to patients 35 to 49 years of age [Table 5]. Females had higher adjusted odds
of more than 4 prescribers (aOR: 1.24, 95% CI: 1.18-1.30) but lower adjusted odds of
more than 4 pharmacies (aOR: 0.88, 95% CI: 0.81-0.95) compared to males.

For the buprenorphine utilization domain, compared to males, females had no
significant difference in buprenorphine nonadherence (aOR: 0.96, 95% CI: 0.85-1.07),
while having higher adjusted odds for concomitant use of buprenorphine and opioids
(aOR: 1.86, 95% CI: 1.73-2.00), concomitant use of buprenorphine and benzodiazepine
(aOR: 1.97, 95% CI: 1.67-2.32), and concomitant use of buprenorphine and any
controlled medication (aOR: 1.68, 95% CI: 1.53-1.83) [Table 6].
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2.5 Discussion

This measurement framework included 16 measures representing 4 domains of
prescription medication use. The framework incorporated 3 measures that were applied
as defined by the developer, 6 measures that were adapted for application to pharmacy
data solely, and 7 novel measures that were developed with expert guidance. Several of
these involved topics were addressed by the PQA (1), Optum Labs (2) and the RI DoH
(32). The identified measures covered a breadth of aspects related specifically to opioid
utilization; however, we identified fewer measures related to non-opioid prescription
controlled medication utilization. In addition, measures related specifically to
buprenorphine utilization also were lacking. Some measures that covered clinically
relevant aspects of care coordination were omitted because they required medical
information that would not be captured in prescription level data (e.g. medical
diagnoses). Since we were unable to reliably identify prescribers in their setting of care,
we omitted from the developed framework some specific measures such as opioids as
well as controlled medications prescribed from emergency departments (ED) and walk-in
clinics. While we believe assessing controlled medication prescribing from the acute
care settings such as ED and walk-in clinics is clinically important as some patients are
initially prescribed their first controlled medication in these settings, we had to exclude
these measures based on the information available in prescription level data. Ultimately,
having medical data would have enabled us to identify diagnoses and exclusions as well,
but it was important to devise a measure framework that could be calculated using
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pharmacy data only, so that it could be applied by a broad set of stakeholders having
access to pharmacy data.

While several quality measures and frameworks specific to opioids exist (1-2),
our framework encompasses the domains of opioid utilization, benzodiazepine
utilization, care coordination, and buprenorphine utilization. In addition, as the
developed framework does not require clinical diagnoses or information, it can be applied
to several types of databases including PDMPs, prescription claims databases, and
pharmacy level data making its application available to a broad set of stakeholders.
Large healthcare systems or payers may apply this framework to cross-sectional datasets
of different providers or provider groups and create targeted intervention approaches for
quality improvement. The framework also can be utilized longitudinally to track quality
improvement programs. In addition, as the framework encompasses different domains of
controlled medication utilization, it provides a comprehensive approach for assessing
prescription controlled medication utilization related to opioids and other high risk
medications. Relevant stakeholders such as departments of health, payers, or healthcare
systems can utilize this framework to identify opportunities for improvement and to tailor
targeted interventions towards improving prescribing and utilization in those areas.

In RI, regulations require that an initial prescription for opioids for opioid naive
patients’ have a maximum day supply of 5 days with a maximum quantity of 20 tablets.
For this study, patients who were included in any of the measures addressing the
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concurrent therapy of opioids would have needed to have received at least two opioid
prescriptions or not be classified as opioid naïve to meet the definition of at least seven
days overlap. This was intended, in part, to not consider patients who received an opioid
prescription in an acute pain incident and may withhold use of other controlled
medications during that time frame.

In this study, approximately 10.3% of patients prescribed an opioid used
benzodiazepines concurrently, with at least a 7-day overlap. These results are similar to
an analysis conducted by the CDC of 9 state’s 2015 PDMP data that found 11.9% of
patients with a prescription opioid also had concurrent use with a benzodiazepine with at
least 7 days overlap (33). A retrospective study assessing the concurrent use of opioids
and benzodiazepine in North Carolina’s Medicaid program found that close to 20% of
patients with at least one opioid prescription had concurrent use of a benzodiazepine from
2017-2018 of at least one day overlap (46). While our study was for only a one year
period and had different concurrent use definitions (7 day overlap vs 1 day overlap), we
found that for patients with Medicaid, only 13.4% received both a prescription opioid and
benzodiazepine within a 30 day period and only 10.8% had at least a 7-day supply of
opioids. Patients with a payment type of Medicaid however did have a significantly
higher adjusted odds of at least 7 days concurrent therapy with opioids and
benzodiazepine (aOR: 1.58, 95% CI: 1.50-1.67) compared to commercial insurance. In
this study, while the rate of opioid patients with chronic concurrent use of opioids and
benzodiazepine (at least 120 days overlap) was relatively low at 2.9%, it still consisted of
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close to 5,000 patients. In addition, 18.2% of patients who used opioids and
benzodiazepine concurrently had at least 120 days overlap.

One of the opioid utilization measures assessed tramadol, a specific type of
opioid. While tramadol is one of the few opioid products that is not a Schedule-II
controlled medication, it has particular risks associated with its use. Tramadol has eight
black box warnings as well multiple drug-drug and drug-disease interactions due to its
extensive metabolism through CYP 3A4 and 2D6 (47). Several studies have shown that
tramadol use is associated with an increased risk of chronic utilization of opioids
compared to other opioid products (48-50). A study conducted by the CDC found that
initiation of tramadol in opioid naive patients had the second highest probability of
chronic opioid utilization at 1 and 3 years (13.7% and 6.8%, respectively) only behind
patients who initiated therapy on a long-acting opioid (27.3% and 20.5%, respectively)
(48). An analysis of a large US claims database from January 2009 through June 2018
found that following surgery, patients who initiated opioid therapy with tramadol had
significantly higher adjusted risks ratios (aRR) for meeting the CONSORT definition of
opioid dependence (1.41, 95% CI: 1.08-1.75) compared to non-tramadol short acting
opioid formulations (49). In addition, an analysis of a different US claims database from
2006 through 2016 found that of opioid naïve patients who initiated an opioid during the
study period, a significantly higher percentage of patients who initiated therapy with
tramadol transitioned to chronic opioid utilization (4.2%) compared to oxycodone
(1.1%), hydrocodone (1.0%), and codeine (0.5%) (p<0.001) (50). Tramadol was the third
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highest utilized opioid in Rhode Island during this study period behind only hydrocodone
and oxycodone, with 18.7% of patients who filled at least one opioid having a dispensing
for tramadol. In this study, greater than 15% of patients utilizing tramadol had chronic
use of at least 120 days. This finding suggests that a many of patients (n=4,789) utilize
tramadol chronically, even with the risks associated with its use (47, 51). This may be
due to prescribers’ incorrectly believing that tramadol is a safer opioid alternative since it
has a lower abuse potential based on its controlled substance classification (Schedule IV
vs Schedule II) (51).

Patients utilizing buprenorphine for OUD who are not adherent have higher risks
of relapse, hospitalizations, and higher medical costs than patients who are adherent to
buprenorphine (44-45). In the current study, 86% of buprenorphine patients were
considered adherent, which is higher than what has been seen in other studies (44-45).
This difference, in part, reflects the different approach to the adherence measurement
utilized, which evaluated all patients who received dispensings for buprenorphine, rather
than evaluating adherence solely among newly treated patients. The adherence
calculation used the mMPR which defined the denominator as the days from the first fill
in the database to the last fill in database plus day supply of the last dispensing, while the
two referenced studies defined the denominator as the 365 days following the initial fill
(44-45). There may be many reasons why a patient does not refill a prescription for
buprenorphine, such as switching OUD therapy to naltrexone or methadone, moving out
of state, or passing away, and none of these causes is captured in the PDMP database.
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We felt that measuring adherence as the timeframe from first fill to last fill plus day
supply (with a minimum of two prescriptions), while potentially overestimating
adherence, better accounts for these possibilities. OUD is a chronic condition that has a
high rate of relapse and non-adherence with medications for OUD (MOUD) is associated
with severe adverse outcomes. An analysis of Medicaid data from 2015-2016 showed
that patients who were adherent to MOUD had a significantly lower risk of nonfatal
opioid overdose compared to patients who were not adherent (aHR: 0.29, 95% CI: 0.180.48) (52). An analysis of patients with OUD initiating therapy on buprenorphine from a
large claims database from 2008 through 2014 showed that patients with a buprenorphine
adherence rate of at least 80% had significantly lower relapse within the first 12 months
of treatment (patients with commercial insurance OR: 0.35, 95% CI: 0.32-0.38; patients
with Medicaid insurance OR: 0.45, 95% CI: 0.38-0.52) (44). Therefore, we felt that our
measure would be most relevant if it addressed both new patients and prevalent patients,
similar to how Medicare measures adherence for all prevalent patients receiving antidiabetic or anti-hypertensive medications (53).

The concomitant use of buprenorphine with benzodiazepines, or other controlled
medications has been linked to an increased risk of overdose as well as to patient
fatalities (21-23). In addition, patients with opioid addiction and dependence have a
higher likelihood of developing dependence to other medications with addictive
properties, which is why it can be problematic for patients who are using buprenorphine
for treatment of OUD to concurrently use other prescription controlled medications (54).
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This present study found that 17.7% of patients with a prescription for buprenorphine
(99% CI: 16.9-18.5) had concurrent utilization with a benzodiazepine for at least 7 days.
A study using data from the Prescription Behavior Surveillance System in 2013 for eight
states found that approximately 17.7% of buprenorphine patients had at least seven days
overlap with benzodiazepine, which is identical to the rate found in the present study.

A retrospective study of calendar year 2010 Medicare beneficiaries found an
increase in opioid-related hospitalizations related to the number of prescribers of opioids
(56). We determined the cut off of 5 or more prescribers or pharmacies a priori to be
consistent with the published literature (38-40). We found relatively low rates for the
measures of 5 or more prescribers and 5 or more pharmacies for controlled medications
(2.1% and 0.6% respectively). This may be due, in part, to increased utilization of state
PDMP programs by clinicians and pharmacists in recent years.

Measuring mean MME and DME are clinically important for risk reduction.
Prescription opioid overdose has been found to be dose dependent, with higher mean
doses having an increased risk for overdose. A case-cohort study of patients with acute
pain using data from the US VHA database from 2004 through 2008 found an increased
risk of opioid overdose with increased opioid dose. Specifically, compared to patients
having a mean daily MME of 0 to less than 20, those with a mean daily MME of 20 to
less than 50 had an increased HR for fatal opioid overdose of 1.58 (95% CI: 0.87-2.86), a
daily mean MME of 50 to less than 100 had an increased HR for fatal opioid overdose of
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4.73 (95% CI: 2.55-8.79), and a daily mean MME of at least 100 had an increased HR for
fatal opioid overdose of 6.64 (95% CI: 3.31-13.31) (57). A relationship between higher
dose and OD was also seen in patients with chronic pain, patients with cancer, and
patients with substance use disorder in a separate study (52). In addition, measuring daily
MME is a clinically important risk reduction approach in opioid prescribing with the
CDC opioid prescribing guidelines recommending limiting initial opioid doses to less
than 50 MME/day and avoiding prescribing doses that exceed 90 MME/day (25).
Additionally, higher benzodiazepine doses have been associated with increased risk of
overdose when taken concurrently with opioids. A case-cohort study of the US VHA
database from 2004 through 2009 found that compared to a mean daily DME of 0-10mg,
the HR of death from drug overdose increased from 1.69 (95% CI: 1.42-2.01) for patients
with a DME ranging from greater than 10 through 20 to a HR of 3.06 (95% CI: 2.383.92) for patients with a DME greater than 40 (58).

This study shows the application of this measurement framework to the RI PDMP
data, highlighting results for each measure. Future studies should apply this framework
to medical claims database to validate that these quality measures are correlated to
clinical outcomes and to determine if better performance on these measures is associated
with a reduction in emergency department visits, hospitalizations, overdoses, and
healthcare resource utilization and costs.
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2.6 Limitations:

There were several limitations with this study. There were no diagnosis codes
accompanying the prescription claims to assess appropriate prescribing. More states are
starting to require diagnosis codes for every controlled medication and future studies
utilizing PDMP data may be able to address this limitation. However, validation would
be needed to assess the specificity of the diagnosis codes reported. In addition, utilization
may vary based on clinical diagnosis, which we were unable to assess and include in the
logistic regression models. Another limitation is that the RI PDMP may not have
information of all controlled medications filled at pharmacies outside of RI and may not
appropriately represent a patient’s full dispensing history. However, it captures all
dispensings in RI regardless of payment type (e.g. Medicare, Medicaid, Commercial,
Cash) and may more fully represent a patient’s prescription history compared to other
sources such as health plan claims data for patients who fill some of their prescriptions
using cash. In addition, patients who moved into or out of the state or live in the state for
only part of the year may not have their medication history fully represented. An
additional limitation is that the PDMP often misclassifies Medicare as “commercial
insurance.” To account for this, we reclassified claims filled through “commercial
insurance” for patients 65 years and older as “Medicare”. While we cannot be certain
that all individuals age 65 or older paid for their medication using a Medicare plan,
approximately 70% of Medicare beneficiaries have a Part D plan (59). Another potential
limitation is that the RI PDMP does not capture other MOUD besides buprenorphine,
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such as methadone for OUD or naltrexone and therefore we were not able to determine if
patients classified as non-adherent to buprenorphine had switched to one of these other
therapies. The PDMP also does not capture sociodemographic information such as race,
ethnicity, or socioeconomic status. These factors are often associated with healthcare and
pharmacy utilization, and a limitation of this study was that we were not able to assess
how these variables impacted each measure.

Although these measures set target goals approaching 0%, this is not always
practical or clinically appropriate. Practitioner judgment and evidence based medicine
should always be at the forefront. The measures in this framework are intended to guide
improvement at the population level and not to dictate clinical decisions at the patient
level. Comparisons across different populations, such as directly comparing differing
states’ PDMPs to assess quality of controlled medication utilization is not advised due to
potentially key differences in sociodemographic and clinical variables across states, such
as age, race, ethnicity, and comorbidities which may have a significant impact on
measure results and bias comparisons. These measures are intended to be used to assess
prescription controlled medication utilization and may be applied to compare changes
over time to identify areas needed for improvement as well as to determine the impact of
specific targeted interventions.

With improvement in opioid utilization, there is a possibility that mean daily
MME dose may go up which may not indicate a decrease in quality of care. If patients
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are not inappropriately prescribed initial opioids, there will be less patients utilizing
opioid prescriptions that did not need them in the first place. The remaining patients with
chronic opioid prescriptions may be patients for whom opioids are indicated for long
term use and/or at higher doses, such as patients with cancer, sickle cell disease, or burn
victims. Since the overall sample size is decreasing but the number of these patients
stays relatively the same, there is a possibility that average MME dose goes up with
appropriate prescribing. The same phenomenon could also be seen with the mean daily
DME measure as well. In addition, when interpreting the rate of the chronic tramadol
measure, it is important to consider the number of patients utilizing tramadol in both the
numerator and denominator, since if use of tramadol in acute pain settings decreases but
the number of patients utilizing tramadol chronically stays the same, the rate for this
measure would increase even though quality of care may have also improved.
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2.7 Conclusion

This study provides a novel framework to comprehensively evaluate controlled
medication utilization on a population level spanning across four different controlled
medication domains. In applying this framework to the RI PDMP, we illustrate how an
entire state performs for each quality improvement measure, while highlighting
differences according to patient demographic characteristics. Future research is required
to validate the framework in relation to clinical outcomes.
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Table 1: Framework of Measures Addressing Controlled Substance Prescribing and
Utilization: Overall Unadjusted Results by Measure
Domain

Measure

Mean MME/day per
patient

Opioid
Utilization

Benzodiazepine
Utilization

Care
Coordination

Buprenorphine
Utilization

Patients with opioid
dose ≥90 MME/day
(based on last fill)
New opioid fillers who
become chronic
utilizers
Chronic tramadol
utilization
Concurrent use of
opioids and any other
controlled medication
Mean DME/day per
patient
Patients with
benzodiazepine dose
≥20 DME/day (based
on last fill)
Co-prescribing of
opioids and
benzodiazepines within
30-day period
Concurrent use of
opioids and
benzodiazepines
Chronic concurrent use
of opioids and
benzodiazepines
Patients with > 4
prescribers of
controlled medications
Patients with > 4
pharmacies dispensing
controlled medications
Non-adherence with
buprenorphine
Concurrent use of
buprenorphine and
opioids
Concurrent use of
buprenorphine and
benzodiazepines
Concurrent use of
buprenorphine and any

Origin/
adapted from
Rhode Island
Department
of Health
(32)
Rhode Island
Department
of Health
(32)
Optum Labs
(2)*
Created

Measure
Numerator

Measure
Denominator

Rate

163,639

30.68

SD:
94.03

5,872

163,639

3.58%

3.473.70

1,513

49,310

3.07%

4,789

30,691

15.60%

24,717

163,839

15.09%

143,026

10.60

14.8615.31
SD:
9.05

21,898

143,026

15.31%

15.0715.56

20,406

163,839

12.45%

12.2412.67

16,845

163,839

10.28%

10.0910.47

4,795

163,839

2.93%

2.823.03

7,792

368,490

2.11%

2.052.18

2,252

368,490

0.61%

1,607

9,256

17.36%

0.580.64
16.3518.38

666

14,524

4.59%

4.145.03

2,565

14,524

17.66%

16.8518.48

4,555

14,524

31.36%

30.3732.35

Created
Created

Created
Rhode Island
Department
of Health
(32)
Optum Labs
(2)*
Pharmacy
Quality
Alliance (1)*
Pharmacy
Quality
Alliance (1)*
Pharmacy
Quality
Alliance (1)*
Created
Optum Labs
(2)*
Created
Created

94

99%
CI

2.873.27
15.0716.14

non-buprenorphine
controlled medication

*Indicates the included measure was modified from the originally identified measure
SD: Standard deviation, CI: Confidence intervals
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Table 2: Descriptive Analysis of Data from the Rhode Island 2018 Prescription Drug
Monitoring Program
Patient Demographics
Total Number of Patients
Sex

Age

Number of
Prescriptions

368,490

Percent of
Prescriptions

1,735,2244

149,616

40.60%

689,452

39.73%

Females

218,463

59.29%

1,041,070

60.00%

18-34

72,014

19.54%

283,735

16.35%

35-49

82,870

22.49%

409,104

23.58%

50-64

115,901

31.45%

592,140

34.12%

65-74

57,449

15.59%

272,447

15.70%

75+

40,256

10.92%

177,798

10.25%

179,743

48.78%

771,400

44.46%

Medicaid

48,310

12.68%

265,682

15.31%

Medicare

83,414

31.54%

447,665

25.80%

Cash

44,840

5.53%

181,514

10.46%

Other

12,183

1.47%

68,963

3.97%

Antiepileptic Drugs

6,893

1.87%

28,822

1.66%

Barbiturates

1,017

0.28%

5,498

0.32%

146,682

39.81%

557,271

32.12%

Buprenorphine

14,524

3.94%

97,311

5.61%

Codeine Cough
Medications

28,426

7.71%

34,317

1.98%

Migraine

8,616

2.34%

25,218

1.45%

Muscle Relaxants

2,266

0.61%

8,831

0.51%

Narcolepsy

1,716

0.47%

6,961

0.40%

163,839

44.46%

518,981

29.91%

Non-benzodiazepine
sedative hypnotics

29,727

8.07%

123,761

7.13%

Stimulants

54,642

14.83%

298,386

17.20%

8,062

2.19%

28,006

1.61%

608

0.16%

1,861

0.11%

Bristol County

13,672

3.71%

53,362

3.08%

Kent County

58,813

15.96%

249,603

14.38%

Newport County

21,570

5.85%

88,328

5.09%

Providence County

168,546

45.74%

674,622

38.88%

Washington County

39,067

10.60%

153,879

8.87%

Out of State

66,822

18.13%

515,430

29.70%

Benzodiazepines

Opioids

Prescription Weight Loss
Class
Other

County

Percent of
Patients

Males

Commercial Insurance

Payment
Method

Number of
Patients
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*4,702 claims missing sex identifiers
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Table 3: Adjusted Odds Ratios for Measures within the Opioid Utilization Domain

Covariates
Age
18-34
35-49
50-64
65-74
75+
Gender
Male
Female
Payment
Method
Commercial
Insurance
Medicaid
Medicare
Cash
Other
County of
Residence
Providence
Kent
Washington
Bristol
Newport
Out-ofState

Patients with opioid
dose ≥90 MME/day
(based on last fill)
aOR (95% CI)

New opioid fillers
who become
chronic utilizers
aOR (95% CI)

Chronic tramadol
utilization
aOR (95% CI)

Concurrent use of
opioids and any other
controlled substance
aOR (95% CI)

0.36 (0.31-0.41)
Reference
1.45 (1.35-1.55)
0.57 (0.52-0.62)
0.35 (0.31-0.39)

0.28 (0.21-0.38)
Reference
1.70 (1.44-2.00)
1.25 (1.01-1.55)
1.69 (1.36-2.09)

0.42 (0.35-0.51)
Reference
1.36 (1.23-1.51)
1.24 (1.09-1.42)
1.16 (1.02-1.33)

0.28 (0.26-0.30)
Reference
1.31 (1.26-1.36)
0.79 (0.75-0.84)
0.61 (0.58-0.65)

Reference
0.68 (0.64-0.71)

Reference
1.03 (0.93-1.15)

Reference
1.03 (0.96-1.10)

Reference
1.51 (1.46-1.55)

2.41 (2.01-2.88)
3.42 (2.84-4.13)
1.63 (1.33-2.00)
4.08 (3.22-5.16)

Reference
1.13 (1.01-1.27)
1.56 (1.39-1.74)
1.14 (1.00-1.29)
2.51 (2.16-2.90)

Reference
1.57 (1.50-1.64)
2.32 (2.22-2.43)
1.36 (1.29-1.43)
2.57 (2.39-2.76)

Reference
1.04 (0.90-1.21)
0.95 (0.80-1.13)
1.23 (0.95-1.59)
1.03 (0.83-1.27)

Reference
1.15 (1.06-1.25)
0.98 (0.88-1.08)
1.16 (0.99-1.36)
0.86 (0.74-0.98)

Reference
1.10 (1.06-1.14)
0.96 (0.92-1.00)
0.93 (0.86-1.01)
1.00 (0.95-1.06)

0.31 (0.27-0.36)

0.28 (0.27-0.30)

Reference
1.45 (1.33-1.58)
3.28 (3.05-3.54)
1.63 (1.48-1.79)
3.10 (2.77-3.46)

Reference
0.98 (0.91-1.06)
0.95 (0.87-1.04)
1.01 (0.88-1.17)
1.21 (1.09-1.34)
0.71 (0.66-0.77)

Reference

1.54 (1.31-1.81)

aOR: adjusted odds ratios; CI: confidence interval
*Bold indicates statistical significance
^The measure of effect represents the increased risk of undesired performance for each
quality measure while controlling for other demographic and clinical covariates
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Table 4: Adjusted Odds Ratios for Measures within the Benzodiazepine Utilization
Domain

Covariates
Age
18-34
35-49
50-64
65-74
75+
Gender
Male
Female
Payment
Method
Commercial
Insurance
Medicaid
Medicare
Cash
Other
County of
Residence
Providence
Kent
Washington
Bristol
Newport
Out-of-State

Patients with
benzodiazepine
dose ≥20 DME/day
(based on last fill)
aOR (95% CI)

Co-prescribing of
opioids and
benzodiazepines
within 30-day period
aOR (95% CI)

Concurrent use of
opioids and
benzodiazepines
aOR (95% CI)

Chronic
concurrent use of
opioids and
benzodiazepines
aOR (95% CI)

0.70 (0.66-0.74)
Reference
0.90 (0.86-0.93)
0.36 (0.34-0.38)
0.20 (0.19-0.21)

0.37 (0.35-0.40)
Reference
1.26 (1.21-1.32)
0.90 (0.84-0.95)
0.72 (0.68-0.77)

0.25 (0.23-0.28)
Reference
1.41 (1.34-1.47)
0.88 (0.82-0.93)
0.75 (0.70-0.80)

0.19 (0.15-0.23)
Reference
1.50 (1.38-1.63)
0.83 (0.75-0.93)
0.59 (0.52-0.67)

Reference
0.71 (0.68-0.73)

Reference
1.61 (1.56-1.66)

Reference
1.59 (1.54-1.65)

Reference
1.41 (1.31-1.50)

Reference
2.24 (2.14-2.33)
2.88 (2.75-3.01)
1.55 (1.46-1.65)
2.35 (2.15-2.56)

Reference
1.39 (1.33-1.46)
1.85 (1.76-1.94)
1.19 (1.13-1.26)
1.74 (1.60-1.86)

Reference
1.58 (1.50-1.67)
2.42 (2.30-2.56)
1.39 (1.30-1.48)
2.45 (2.25-2.66)

Reference
1.73 (1.58-1.91)
3.18 (2.91-3.47)
1.38 (1.23-1.56)
2.91 (2.52-3.37)

Reference
0.97 (0.93-1.01)
0.82 (0.78-0.86)
0.81 (0.75-0.88)
0.81 (0.76-0.86)
0.64 (0.61-0.67)

Reference
1.14 (1.10-1.19)
1.02 (0.97-1.07)
1.02 (0.94-1.10)
1.08 (1.02-1.15)
0.28 (0.26-0.30)

Reference
1.06 (1.02-1.11)
0.90 (0.85-0.95)
0.89 (0.81-0.97)
1.01 (0.94-1.07)
0.29 (0.27-0.31)

Reference
1.07 (0.99-1.16)
0.81 (0.74-0.90)
0.91 (0.78-1.07)
0.91 (0.80-1.02)
0.20 (0.17-0.23)

aOR: adjusted odds ratios; CI: confidence interval
*Bold indicates statistical significance
^The measure of effect represents the increased risk of undesired performance for each
quality measure while controlling for other demographic and clinical covariates
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Table 5: Adjusted Odds Ratios of Measures within the Care Coordination Domain
Covariates
Age
18-34
35-49
50-64
65-74
75+
Gender
Male
Female
Payment Method
Commercial Insurance
Medicaid
Medicare
Cash
Other
County of Residence
Providence
Kent
Washington
Bristol
Newport
Out-of-State

Patients with > 4 prescribers of
controlled medications
aOR (95% CI)

Patients with > 4 pharmacies
dispensing controlled medications
aOR (95% CI)

0.61 (0.56-0.66)
Reference
1.18 (1.11-1.26)
0.68 (0.62-0.74)
0.63 (0.57-0.69)

1.10 (0.99-1.22)
Reference
0.46 (0.41-0.52)
0.14 (0.12-0.18)
0.11 (0.08-0.14)

Reference
1.24 (1.18-1.30)

Reference
0.88 (0.81-0.95)

Reference
2.04 (1.92-2.18)
2.39 (2.23-2.58)
1.38 (1.27-1.51)
2.84 (2.52-3.21)

Reference
2.40 (2.18-2.65)
2.47 (2.14-2.85)
1.35 (1.14-1.59)
0.80 (0.52-1.22)

Reference
1.15 (1.09-1.22)
0.92 (0.85-0.99)
0.90 (0.80-1.02)
1.18 (1.08-1.29)
0.19 (0.17-0.21)

Reference
1.33 (1.20-1.48)
1.01 (0.88-1.16)
0.93 (0.74-1.16)
0.70 (0.57-0.86)
0.20 (0.16-0.25)

aOR: adjusted odds ratios; CI: confidence interval
*Bold indicates statistical significance
^The measure of effect represents the increased risk of undesired performance for each
quality measure while controlling for other demographic and clinical covariates
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Table 6: Adjusted Odds Ratios of Measures within the Buprenorphine Utilization
Domain

Covariates
Age
18-34
35-49
50-64
65-74
75+
Gender
Male
Female
Payment
Method
Commercial
Insurance
Medicaid
Medicare
Cash
Other
County of
Residence
Providence
Kent
Washington
Bristol
Newport
Out-of-State

Non-adherence
with
buprenorphine
aOR (95% CI)

Concurrent use of
buprenorphine and
opioids
aOR (95% CI)

Concurrent use of
buprenorphine and
benzodiazepines
aOR (95% CI)

Concurrent use of
buprenorphine and
any controlled
medication
aOR (95% CI)

1.36 (1.19-1.55)
Reference
0.75 (0.65-0.87)
0.97 (0.68-1.38)
1.53 (0.85-2.74)

0.34 (0.24-0.49)
Reference
2.35 (1.95-2.84)
3.43 (2.44-4.82)
8.50 (5.57-12.97)

0.72 (0.63-0.81)
Reference
1.35 (1.22-1.49)
1.44 (1.15-1.81)
0.74 (0.48-1.14)

0.62 (0.56-0.69)
Reference
1.21 (1.11-1.32)
1.20 (0.98-1.47)
1.04 (0.73-1.47)

Reference
0.96 (0.85-1.07)

Reference
1.97 (1.67-2.32)

Reference
1.68 (1.53-1.83)

Reference
1.86 (1.73-2.00)

Reference
0.92 (0.81-1.04)
0.82 (0.67-1.02)
1.59 (1.24-2.03)
0.34 (0.21-0.56)

Reference
0.53 (0.43-0.66)
1.00 (0.79-1.27)
1.02 (0.68-1.53)
1.24 (0.77-2.00)

Reference
1.02 (0.92-1.13)
1.54 (1.33-1.77)
1.16 (0.91-1.47)
1.05 (0.75-1.45)

Reference
0.77 (0.66-0.90)
0.78 (0.65-0.95)
0.75 (0.54-1.06)
1.20 (0.93-1.56)
1.63 (1.36-1.96)

Reference
1.02 (0.82-1.26)
1.08 (0.84-1.40)
0.97 (0.61-1.53)
1.03 (0.70-1.50)
0.64 (0.45-0.92)

Reference
1.33 (1.19-1.49)
0.86 (0.73-1.00)
1.46 (1.17-1.83)
1.60 (1.32-1.94)
0.61 (0.50-0.75)

Reference
1.01 (0.93-1.10)
1.46 (1.29-1.65)
1.40 (1.16-1.70)
1.11 (0.86-1.45)

Reference
1.43 (1.30-1.58)
1.13 (1.00-1.27)
1.31 (1.07-1.59)
1.56 (1.31-1.85)
0.64 (0.55-0.74)

aOR: adjusted odds ratios; CI: confidence interval
*Bold indicates statistical significance
^The measure of effect represents the increased risk of undesired performance for each
quality measure while controlling for other demographic and clinical covariates
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Figure 1: Overall Results for the Measures of Opioid Utilization
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Figure 2: Overall Results for the Measures of Benzodiazepine Utilization
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Figure 3: Overall Results for the Measures of Care Coordination
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Buprenoprhine Utilization Measure Rates

Figure 4: Overall Results for the Measures of Buprenorphine Utilization
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3.1 Abstract

Objective: To assess prescribing of tramadol among patients with contraindications and
higher risks of adverse events in a large commercially insured population in the United
States.
Methods: A cross-sectional study was conducted utilizing the Optum’s de-identified
Clinformatics® Data Mart Database for the years 2016 and 2017. Patients who received
at least one paid claim for tramadol during this time period were included in the analysis
unless they had a diagnosis for either cancer or sickle cell disease or were missing
demographic information. We assessed several categories of contraindications or higher
risk utilization of tramadol: children under the age of 18, patients with epilepsy or seizure
disorders, and concurrent use with interacting medications, including: other high risk
serotonergic medications, medications that are strong or moderate inhibitors of CYP 2D6
inhibitors and/or CYP 3A4 inhibitors or inducers, concurrent use with other non-tramadol
opioids, concurrent use with benzodiazepines, current use with nonbenzodiazepine
sedative hypnotics, and a composite that included any of these higher risk prescribing
circumstances. Measure rates were calculated for the overall population as well as for
covariates. Multivariate logistic regression models were developed for each measure of
higher risk utilization to assess risk among subgroups.
Results: There were 1,260,865 patients who filled at least one prescription for tramadol
in 2016 or 2017. Among patients with at least one prescription for tramadol, 19.66%
(99% CI: 19.57-19.75) had concurrent utilization with a CYP isoenzyme, 19.24% (99%
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CI:19.15-19.33) had concurrent utilization with a serotonergic medication, 7.93% (99%
CI: 7.88-8.00) had concurrent utilization with a benzodiazepine, 6.05% (99% CI: 5.996.10) had concurrent utilization with a non-tramadol opioid, 2.28% (99% CI: 2.24-2.31)
had concurrent utilization with a nonbenzodiazepine sedative hypnotic, 1.59% (99% CI:
1.56-1.61) had epilepsy or seizure disorders, 0.55% (99% CI:0.53-0.56) were under the
age of 18, and 31.17% (99% CI: 31.06-31.27) received tramadol despite having any of
these higher risks. Females, patients aged 50 and older, patients under the age of 65 with
Medicare insurance, and those with more comorbidities had higher odds of higher risk
tramadol utilization compared to their reference groups after adjusting for covariates.
Conclusion: Almost one in three patients utilizing tramadol are doing so in light of high
risks of adverse outcomes. These findings suggest opportunities for prescriber education
and enhanced pharmacist oversight to mitigate the risks of adverse outcomes associated
with tramadol use.
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3.2 Introduction:

Tramadol is an opioid analgesic that is indicated in the management of pain in
adults in which alternative treatments are inadequate and is severe enough to require
opioid therapy (1). Tramadol has a unique mechanism of action (MOA) that includes
opioid agonist effects as well as weak inhibition of norepinephrine and serotonin reuptake
(1). It is one of the most frequently utilized medications in the United States (U.S.),
being in the top 30 most prescribed medications in 2017 and is the second most
prescribed opioid only behind hydrocodone products (2, 3). The U.S. Drug Enforcement
Agency (DEA) in August of 2014 classified tramadol as a Schedule-IV controlled
substance (4). Prior to this change, tramadol was non-controlled on the federal level, but
was a Schedule-IV substance on the state level in 12 states (5). However, even with
tramadol becoming a controlled substance in 2014, its utilization has been increasing in
recent years (5-7).

Tramadol has eight black boxed warnings in its package insert consisting of risks
of addiction or abuse, life threatening respiratory depression, opioid analgesic risk
evaluation and mitigation strategy (REMS), accidental ingestion, ultra-rapid metabolism
of tramadol in children, neonatal opioid withdrawal syndrome, concomitant use with
benzodiazepines or other central nervous system depressants, and interactions with drugs
affecting cytochrome P450 (CYP) enzymes (specifically CYP 2D6 inhibitors, CYP 3A4
inhibitors, and CYP3A4 inducers) (1). It is also contraindicated in patients under the age
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of 12, patients under the age of 18 following adenoidectomy or tonsillectomy and is
recommended to be avoided among patients 12 to 18 years of age with high risk of
adverse outcomes, such as in the postoperative setting, those with obesity, obstructive
sleep apnea, neuromuscular disease, or severe pulmonary disease, or in patients with
concurrent utilization with central nervous system depressants (1). In addition,
tramadol’s effectiveness and safety have yet to be established in the pediatric population
(1). Tramadol also has risks when used by older adults as it is included in the Beers
Criteria for Potentially Inappropriate Medication Use in Older Adults as it may cause or
exacerbate Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIADH) or
hyponatremia in older adults (8). In addition, since tramadol is substantially excreted
renally, the risks of adverse events may be greater in patients with impaired renal
function (1). Tramadol can also lower the seizure threshold and increase the risk of
seizures in those with and without epilepsy or seizure disorders (1). Several studies have
shown that initiating opioid therapy with tramadol has a significantly increased risk of
subsequent chronic opioid utilization compared to other opioid products (9-12).

Tramadol has also been shown to have additional risks of adverse events when
compared to non-opioid analgesics. A propensity-score matched cohort study of The
Health Improvement Network (THIN) database of general practitioners in the United
Kingdom found that for patients with osteoporosis, those utilizing tramadol had
significantly higher all-cause mortality versus nonselective non-steroidal antiinflammatory drugs (NSAIDS) (compared to naproxen- hazard ratio (HR):1.74, 95%
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confidence intervals (CI): 1.42-2.13; compared to diclofenac – HR: 1.87, 95% CI: 1.492.34) as well as cyclooxygenase 2 (COX-2) NSAIDS (compared to celecoxib- HR: 1.74,
95% CI: 1.35-2.24; compared to etoricoxib- HR: 2.00, 95% CI: 1.33-3.01) (13).
Prescribers may feel more comfortable prescribing tramadol compared to other opioids
since it has a lower controlled substance classification (14). Yet while its scheduling
implies a lower risk of addiction, it is not always a safer choice. For example, prescribers
may be unaware of tramadol’s potential drug-drug and drug-disease interactions which
may lead to worsened patient outcomes.

Considering the high prevalence of tramadol use and its complex safety profile, it
is imperative to assess whether it is being prescribed appropriately. Therefore, the
objective of this study was to evaluate the prescribing of tramadol among patients with
contraindications and higher risks of adverse events by analyzing a large commercially
insured population in the United States. We hypothesized that tramadol was often
prescribed to patients who have higher risk of adverse outcomes when using this
medication.
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3.3 Methods:

Study Design
A cross-sectional study design was conducted utilizing the Optum’s de-identified
Clinformatics® Data Mart Database for the calendar years 2016 and 2017. This data
source is a commercial claims database representing approximately 35 million unique
patients in the United States. Patients who received at least one paid claim for tramadol
during this time period were included in the analysis. All patients with at least two
inpatient and/or outpatient International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) diagnosis codes at least 42 days apart (15) for cancer
(16-17) [Appendix Table 4] or sickle cell disease (18-19) [Appendix Table 5], during the
two-year study period were excluded from the analysis. Excluding these conditions is
consistent with other published studies assessing opioid utilization (12, 20), given the
higher intensity of opioid use that is often required in the management of these conditions
(21-23).

Outcomes
We assessed several categories of contraindications or higher risk utilization:
children under the age of 18; patients with epilepsy or seizure disorders; and concurrent
use with interacting medications, including other high risk serotonergic medications
[Appendix Table 6] (24), medications that are strong or moderate inhibitors of CYP 2D6
[Appendix Table 7] (25) and/or strong or moderate inhibitors of CYP 3A4 [Appendix
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Table 8] (25) or enzyme inducers [Appendix Table 9] (25); concurrent use with other
non-tramadol opioids; concurrent use with benzodiazepines; concurrent use with
nonbenzodiazepine sedative hypnotics; and a composite that included any of these higher
risk prescribing circumstances. Herein, we will refer to the composite of CYP 2D6
inhibitors, CYP 3A4 inhibitors, and CYP 3A4 inducers as “CYP Isoenzymes” and ZDrugs (i.e. zolpidem, zaleplon, and eszopiclone) as “nonbenzodiazepine sedative
hypnotics”. Buprenorphine was not classified as an opioid in this analysis as
buprenorphine is often prescribed for opioid use disorder rather than for pain (26-27).
Liquid codeine cough suppressant medications were excluded from the measure
examining concurrent use of tramadol and other opioids prescribed for pain. For all
measures assessing concurrent utilization with tramadol and another high risk medication
(i.e. high risk serotonergic medications, CYP isoenzyme-based drug interactions, nontramadol opioids, benzodiazepines, and nonbenzodiazepine sedative hypnotics),
concurrent use was defined as having at least seven days of overlap (28-30) based on the
prescription fill dates and days supplied (31). When assessing concurrent utilization with
non-tramadol opioids, a prescription for tramadol had to both precede and follow a
prescription for another non-tramadol opioid to ensure that the overlap was not due to
changing medications. For the measures addressing tramadol use among children under
the age of 18, and patients with epilepsy or seizure disorder, we identified those receiving
at least one prescription of tramadol of any quantity or duration. Patients with epilepsy
were defined as having at least two inpatient and/or outpatient visits at least 42 days apart
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(15) with a ICD-10-CM diagnosis code of epilepsy or seizure disorders [Appendix Table
10] (32-33).

Independent Variables
Independent variables consisted of age group (0-17, 18-34, 35-49, 50-64, 65-74,
and 75+), sex (male, female), geographical regions of residence per the United States
Census Bureau classifications (Northeast, South, Midwest, and West) (34), payment type
(commercial insurance, Medicare for patients less than 65 years of age, and Medicare for
patients 65 years and older), comorbidity burden measured via the Elixhauser
comorbidity index (0, 1-2, 3-4, 5-6, and 7+) (35), and prescriber specialty (primary care
physician, all other specialties). Patients with missing demographic variables (age, sex,
geographic region, or payment type) were excluded from the analysis. Pediatricians were
classified as primary care physicians. The Elixhauser comorbidity index was used to
measure disease burden (35). We classified comorbidity measures via ICD-10-CM
diagnoses [Appendix Table 11] (36). Since we excluded patients with cancer diagnoses,
the index results do not include the three Elixhauser cancer measures of lymphoma,
metastatic cancer, or solid tumors without metastases. In addition, we combined the
measures of hypertension uncomplicated and hypertension complicated as well as
diabetes uncomplicated and diabetes complicated in order to prevent double counting a
patient whose disease progressed during the assessment window. Age, sex, geographic
region of residence, payment type, and prescriber specialty were drawn from the most
recently dispensed tramadol prescription.
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Statistical Analyses
Descriptive statistics were used to assess differences in the frequency of use of
tramadol according to the covariates (age, sex, geographic region of residence, payment
type, prescriber specialty, and Elixhauser comorbidity index). Prevalence rates were
calculated for each measure of high risk use and confidence intervals were calculated
using standard error and denominator size (37). Due to the large sample size leading to
the study being overpowered, we calculated 99% confidence intervals for the prevalence
rates. Multivariable logistic regression models were constructed to determine which
covariates were predictive of each measure. The dependent variable in the model was the
concurrent use of interacting medications/disease state (yes, no). Separate models were
run for each measure of higher risk tramadol utilization as well as for the composite
measure representing higher risk tramadol use of any type. The model for patients under
the age of 18 did not include the covariate of age because age was an inclusion criteria, or
payment type since there were not any patients with Medicare insurance in the study
population under the age of 18. Elixhauser comorbidity index was also omitted for this
measure since only small percentages of these younger patients had comorbidities, with
only 7.6% of patients under 18 having an Elixhauser comorbidity index score of at least
3. The composite outcome in the logistic regression did not include the measure of
tramadol use among patients under the age of 18 since age is one of the covariate
subgroups in the model.
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All independent variables examined in bivariate analyses had a significance (pvalue) of less than 0.25 and were thus included in the model (38-40). Collinearity of
independent variables was assessed by examining condition indices (41). However, there
was no evidence of collinearity between any two independent variables for any of the
measures, and therefore no variables were removed at this stage of the analysis. The
measure of effect was adjusted odds ratios (aOR) with corresponding 95% CI
representing the increased odds of higher risk tramadol utilization, controlling for other
demographic and clinical covariates. All analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC). This study was deemed exempt by the Institutional Review
Board (IRB) at the University of Rhode Island.

116

3.4 Results:

After excluding patients with a diagnosis of cancer (n=158,884) or sickle cell
disease (n=586), as well as those with missing demographic information (n=3,087), there
were 1,260,865 patients who received at least one prescription for tramadol in 2016 or
2017 [Figure 1]. Approximately a quarter of the study sample were aged 50 to 64
(27.5%), while 44% of these patients were at least 65 years of age [Table 1]. Females
comprised 63% of the study population, and almost 3/5 of the study population (58.7%)
were from the South. Roughly half of the sample had commercial insurance (49.9%)
while the other half had Medicare insurance (50.1%). Primary care physicians
represented 43.1% of the prescribers of tramadol at the patient level. Patients with
comorbidities represented a large portion of the study population as only 15.6% had an
Elixhauser comorbidity score of 0 and 29.8% had a score of 1-2, while 14.4% had a score
of 5-6, and 16.5% had a score of 7 or more.

Approximately 19.66% (99% CI: 19.57-19.75) of patients with a prescription for
tramadol had at least seven days overlap with a concurrently utilized medication having
moderate or strong CYP isoenzyme activity [Table 2]. Specifically, 15.78% (99% CI:
15.69-15.86) had concurrent utilization with CYP2D6 inhibitors, 6.74% (99% CI: 6.686.80) had concurrent utilization with CYP3A4 inhibitors, and 1.03% (99% CI: 1.01-1.05)
had concurrent utilization with CYP3A4 inducers. Concurrent utilization of serotonergic
medications represented 19.24% (99% CI: 19.15-19.33) of all patients with a tramadol
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prescription. Although tramadol is an opioid analgesic, 6.05% (99% CI: 5.99-6.10) of
patients had concurrent utilization with other non-tramadol opioids. Among patients with
tramadol prescriptions, 7.93% (99% CI: 7.88-8.00) had concurrent utilization with a
benzodiazepine and 2.28% (99% CI: 2.24-2.31) had concurrent utilization with a nonbenzodiazepine sedative hypnotic. Approximately 1.59% (99% CI: 1.56-1.61) of the
patients who used tramadol had epilepsy and/or a seizure disorder, while 0.55% (99% CI:
0.53-0.56) of patients with a tramadol prescription were under the age of 18. The
composite outcome of any higher risk tramadol use represented 31.17% (99% CI: 31.0631.27) of all patients with a prescription for tramadol. These rates varied across different
demographics [Appendix Table 12 - Appendix Table 17].

After adjusting for covariates, patients under the age of 35 had significantly lower
odds of concurrent tramadol utilization among all of the higher risk categories compared
to patients aged 35 to 49 years except for the measure of use among patients with
epilepsy in which there was no significant difference by age (patients aged 0-17 aOR:
0.94, 95% CI: 0.71-1.23; patients aged 18-34 aOR: 1.07, 95% CI: 1.00-1.14) [Table 3,
Table 4, Table 5, Table 6]. In addition, patients aged 75 years and older also had
significantly lower odds of tramadol utilization in all higher risk categories compared to
patients aged 35 to 49 years of age, except for the measure of CYP isoenzyme
interactions and among patients with epilepsy or seizure disorders in which they had a
significantly higher odds (aOR: 1.51, 95% CI: 1.46-1.55; aOR: 1.12, 95% CI: 1.00-1.26,
respectively). However, for the composite measure, patients 75 years and older had a
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significantly higher odds compared to patients aged 35 to 49 years (aOR: 1.19, 95% CI:
1.16-1.22) [Figure 2], which is most likely due to their higher odds associated with CYP
isoenzyme-based drug interactions. Patients aged 65 to 74 also had a significantly higher
odds of higher risk tramadol utilization for the composite outcome compared to patients
aged 35 to 49 (aOR: 1.39, 95% CI: 1.35-1.42). Females had significantly higher odds
than males for higher risk tramadol utilization for all categories except for concurrent
utilization of opioids where there was no difference (aOR: 1.00, 95% CI: 0.98-1.02),
while there was significantly lower odds for the measure of patients under the age of 18
(aOR: 0.79, 95% CI: 0.75-0.82). Compared to the Northeast, the remaining regions had
slightly higher odds of higher risk utilization for the composite measure, ranging from the
South (aOR: 1.05, 95% CI: 1.03-1.07) to the Midwest (aOR: 1.11, 95% CI: 1.09-1.13).
Patients with more comorbidities had higher odds of tramadol utilization for all other
higher risk measures with the odds increasing with the number of comorbidities present.
Those with an Elixhauser comorbidity score of 7 had the highest odds ratio for all
measures and having an aOR of 4.33 (95% CI: 4.25-4.41) for the composite outcome.
Compared to patients with commercial insurance, those with Medicare insurance who
were under the age of 65 had higher odds of high risk tramadol utilization for all
measures. Patients with Medicare insurance who were 65 years and older had higher
odds of higher risk tramadol utilization for all measures compared to commercial
insurance except for concurrent utilization with a nonbenzodiazepine sedative hypnotic in
which they had a lower odds of concurrent utilization (aOR: 0.41, 95% CI: 0.39-0.44).
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3.5 Discussion:

Tramadol is an opioid analgesic and a Schedule-IV controlled substance. In
addition, it has numerous black box warnings listed in its package insert (1), along with
contraindications in patients under the age of 12, and warnings in patients aged 12-18 as
well as those aged 65 and older (1, 8). Even considering these risks, tramadol is still the
second most prescribed opioid medication and is among the top 30 most prescribed
medications in the United States (2-3). In this study, we observed that out of 1,260,865
patients utilizing tramadol for noncancer/nonsickle cell pain, just under 400,000 of them
(n=392,977), or 31.17% were utilizing tramadol with higher risks of adverse outcomes.
This concerning finding may be due to prescribers being unaware of tramadol’s risks, or
more readily prescribing tramadol compared to other opioids based on its lower
controlled substance classification (14).

Tramadol’s package insert includes a black box warning related to concurrent
utilization of CYP450 isoenzymes, specifically: CYP 2D6 inhibitors, CYP 3A4 inducers,
and CYP 3A4 inhibitors (1). Tramadol is a pro drug that is extensively metabolized
through the CYP 2D6 and CYP 3A4 pathways. The CYP 2D6 pathway metabolizes
tramadol into its active metabolite, while the CYP 3A4 metabolizes tramadol into its
inactive metabolite (42). Concurrent utilization of CYP 2D6 inhibitors would inhibit the
metabolism of tramadol, resulting in a decrease in amount of tramadol’s active metabolite
but increase tramadol in the plasma, thus leading to a reduction in analgesic effects but
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increased risk of adverse outcomes such as seizures or serotonin syndrome (1).
Concurrent utilization with CYP 3A4 inhibitors inhibits the metabolism of tramadol into
its inactive metabolite, potentially increasing the amount of tramadol in the plasma and
increasing the risk of adverse events such as serotonin syndrome and seizures, as well
respiratory depression (1). The concurrent utilization of tramadol with CYP 3A4
inducers increases the production of the inactive metabolite, thus resulting in lower
plasma tramadol levels, potentially increasing the signs and symptoms of opioid
withdrawal (1). In addition, patients with genotypes that are ultra-rapid metabolizers of
the CYP 2D6 are at an increased risk of adverse effects given the potential for lifethreatening levels of exposure to tramadol’s active metabolite (1, 43). The estimated
prevalence of ultra-rapid metabolizers varies by ethnicity, with approximately 10% of
Caucasians, 3 to 4% of Blacks, 1 to 2% of East Asians, and more than 10% of certain
ethnicities such as Middle Eastern, North African, and Oceanian having these genotypes
(1). While we were unable to assess this in the current study, it is important for
prescribers to take this under consideration when considering prescribing tramadol, and
potentially have pharmacogenomic testing conducted before prescribing tramadol to
assess whether patients are ultra-rapid metabolizers (44-45). In this study, 15.8% of
patients with a tramadol prescription concurrently utilized a CYP 2D6 inhibitor, 6.7%
concurrently utilized a CYP 3A4 inhibitor, and 1.0% concurrently utilized a CYP 3A4
inducer. The most frequently utilized interacting CYP 2D6 inhibitors were metoprolol,
duloxetine, and bupropion. The most frequently utilized interacting CYP 3A4 inhibitors
were diltiazem, lovastatin, and verapamil, and the most frequently utilized CYP 3A4
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inducers were primidone, carbamazepine, and phenytoin [Appendix Table 18]. A
retrospective cohort study of patients utilizing tramadol in a large health care system
found that patients concurrently using strong CYP 2D6 inhibitors had significantly higher
breakthrough mean morphine milligram equivalents (MME) per day (18.2) than those not
concurrently utilizing strong CYP 2D6 inhibitors (5.7) (p<0.001) (46). This was likely
due to the concurrent utilization of strong CYP 2D6 inhibitors blocking the metabolism
of tramadol into its active metabolite, thus requiring a higher opioid dose to achieve the
same therapeutic response.

In this study, 44.1% of patients utilizing tramadol were 65 years and older. In
addition, patients 65 to 74 years as well as those 75 years and older had higher adjusted
odds of CYP450 isoenzyme-based drug interaction (aOR: 1.71, 95% CI: 1.66-1.76; aOR:
1.51, 95% CI: 1.46-1.55; respectively) compared to patients aged 35-49 years. These
findings of high prevalence of concurrent utilization of tramadol with CYP450
isoenzymes coupled with the increasing utilization of tramadol with older age is
concerning. The Beers Criteria for Potentially Inappropriate Medication Use in Older
Adults urges to use caution in older adults when prescribing tramadol due to the risk of
SIADH or hyponatremia (8). In addition, older adults have higher rates of polypharmacy.
An analysis of the National Health and Nutrition Examination Survey from 2010 showed
that almost 40% of adults 65 years and older were taking at least 5 medications (47),
leading to higher likelihood of drug-drug interactions in those utilizing tramadol.
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In this study, 19.24% (99% CI: 19.15-19.33) of patients with a tramadol
prescription concurrently utilized a serotonergic medication, with the most frequently
utilized medications being trazodone, oxycodone, duloxetine, citalopram, and
escitalopram. A cross-sectional retrospective analysis from the Korea National Health
Insurance Database found that from 2012-2013, 1.2% of patients with a dispensing of
tramadol were co-prescribed either an SSRI or SNRI (48). Tramadol along with SSRI
and SNRIs have all been shown to increase the risk of serotonin syndrome (24) with case
reports highlighting this risk when tramadol and SSRIs are taken concurrently (49-51).
Although confirmed cases of serotonin syndrome have been rare, caution needs to be
given when prescribing tramadol concurrently with drugs of high serotonergic risk
considering the life-threatening nature of serotonin syndrome. In addition, certain SSRIs
and SNRIs such as fluoxetine, duloxetine, and paroxetine are also moderate to strong
CYP 2D6 inhibitors and thus pose an extra risk in patients utilizing tramadol.

In the current study, 8% of patients utilizing tramadol had concurrent utilization
with benzodiazepines which is lower than what has been seen in the literature (48, 5253). The analysis of the Korea National Health Insurance Database found that 21.6% of
patients with a tramadol dispensing were co-prescribed a benzodiazepine (48). Similarly,
an analysis of a Norwegian registry based study found that approximately 23.8% of
opioid naive patients who initiated tramadol therapy had concurrent utilization with a
benzodiazepine within their first year of therapy (53). The analysis of the Norwegian
registry also found that greater than 30% of opioid naive patients who initiated tramadol
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had a prescription for a sedative hypnotic during their first year of therapy (53). While
claims studies in this area are lacking, the rates observed in the present study were lower
than observed in the literature. Although not limited to just tramadol, an analysis of a
commercial Medicare supplement plan for the United States in 2017 found that 6.81% of
patients receiving prescription opioids concurrently used non-benzodiazepine sedative
hypnotics (54).

This present study observed approximately 2.3% of patients prescribed tramadol
having concurrent utilization with a non-benzodiazepine sedative hypnotic. In August
2016, the United States Food and Drug Administration (FDA) issued a safety alert
requiring the labeling for all opioids and benzodiazepines to include a black box warning
of the increased risk of respiratory depression, overdose, and death when used
concurrently (55). This safety alert also warned about the concurrent utilization of
opioids with other CNS depressants such as nonbenzodiazepine sedative hypnotics (55).
From July 2017 through June 2018, approximately half of the fatal prescription opioid
overdoses in the United States had concurrent utilization with a benzodiazepine (56).
While studies are lacking comparing the risk of overdose between specific opioid agents
when used concurrently with benzodiazepines or other CNS depressants, fatalities have
been observed when tramadol was used concurrently with benzodiazepines (57).

We also found that 1.59% of the sample using tramadol had diagnoses for
epilepsy or seizure conditions. Generalized seizures most commonly occur within the
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first 24 hours of tramadol administration (14, 58) and have occurred with doses within
therapeutic range as well as above maximum recommended dosage (58). While risk of
seizure increases for patients with epilepsy or seizure disorders (1), seizures also can
occur in patients without these conditions. A case control study of the MarketScan
Commercial Claims database from 2009 through 2012 found that in patients without
epilepsy or seizure disorders, those utilizing tramadol had higher odds of seizure
compared to the control group (aOR: 1.41, 95% CI: 1.11-1.79) with codeine utilization as
the reference group (59). While we observed a low number of cases of epilepsy or
seizure disorders among those prescribed tramadol (1.6%), utilization in this population
represents one of the more explicit and absolute contraindications with high risk of
adverse outcomes. More than 20,000 patients with epilepsy or a seizure disorder
received tramadol, a most concerning finding.

The study population’s payment type was split evenly with 50% having
commercial insurance and 50% having Medicare insurance, and approximately 20% of
patients with Medicare insurance were under the age of 65. Patients under the age of 65
are eligible for Medicare if they have end-stage renal disease (ESRD) or a chronic
disability. Patients with Medicare under the age of 65 had significantly higher odds of
higher risk tramadol utilization for every measure compared to the reference group of
commercial insurance, as well as versus patients 65 years and older with Medicare
insurance with numerically higher aOR and non-overlapping 95% CI. While no studies
were identified that assessed tramadol utilization in this population, several studies have
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showed higher concurrent utilization of opioids and benzodiazepines as well as opioids
and sedative hypnotics in patients under the age of 65 with Medicare insurance, who are
enrolled due to disability status (60). An analysis conducted by the Centers for Medicare
and Medicaid Services (CMS) of Medicare Part D claims in 2015 found that Medicare
patients under the age of 65 had significantly higher odds of concurrent opioid and
benzodiazepine utilization (OR: 3.49, 95% CI: 3.48-3.50), as well as concurrent use of an
opioid and either a benzodiazepine and/or sedative hypnotic (OR: 3.42, 95% CI: 3.413.43) compared to those 65 years and older (60). A separate analysis of Medicare data
from 2007 through 2011 found that approximately 45.7% of patients under the age of 65
had a prescription opioid dispensing within a given year (61). Patients with less than 6
opioid dispensings had a mean Charlson comorbidity score of 1.93 (standard deviation
(SD): 1.91) and 78.4% had a musculoskeletal disease while for patients with 6 or more
opioid dispensings had a mean Charlson comorbidity score of 2.36 (SD: 2.13) and 94.4%
had a musculoskeletal disease (61). This helps to show that patients with Medicare
insurance under the age of 65 on average have multiple comorbidities and may require
numerous pharmacologic agents to treat their symptoms and conditions, thus leading to
higher rates of concurrent use of tramadol with interacting medications.

This study also found that with the exception of patients under the age of 18,
patients with comorbidities had higher odds of tramadol utilization for all other higher
risk measures. The odds of higher risk tramadol utilization increased when more
comorbidities were present with an Elixhauser comorbidity score of 7 having the highest
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odds ratio for all of these measures, ranging from 2.5 to 5-fold higher than the reference
group of zero comorbidities depending on the specific measure. Similar to Medicare
patients under the age of 65, patients with multiple comorbidities may need several
different pharmacologic classes to treat many conditions and symptoms, which would
lead to these patients having a higher likelihood of concurrent utilization of tramadol and
an offending agent.

We observed that 0.55% (99% CI: 0.53-0.56) of the study population (n=6,885)
were under the age of 18. Of these, 796 patients (0.06%) were under the age of 12. Of
the patients under the age of 18, 5.72% (99% CI: 5.00-6.44) were included in the higher
risk composite utilization outcome. Tramadol has an absolute contraindication in patients
under the age of 12, as well as patients under the age of 18 following adenoidectomy or
tonsillectomy (1). In addition, caution is required in patients aged 12 to 18 years who
have high risk factors of respiratory depression (i.e. obstructive sleep apnea, post surgery,
obesity, severe pulmonary disease, severe neuromuscular disease, and concomitant use of
other medications that pose a risk for respiratory depression) (1). The safety alert issued
by the FDA regarding tramadol prescribing for patients under the age of 18 was issued in
April 2017 (62). While this was approximately two thirds of the way through the study
period, concerns related to tramadol’s safety in pediatric patients was still known before
the study period began. The FDA issued a safety alert in September 2015 stating that the
agency was evaluating tramadol’s safety in the pediatric population due to the rare but
serious risks of slowed or difficult breathing reported in this population (63). In addition,
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tramadol has not been indicated in the treatment of pediatric patients. Even prior to the
FDA’s alert, tramadol’s prescribing information stated that the drug is not recommended
for use in patients under the age of 16 due to safety and efficacy not being established in
this population (64). Future studies will be needed to assess if tramadol prescribing in the
pediatric population decreased after the warning was added to tramadol’s label.

When analyzing predictors for tramadol utilization among patients under 18,
compared to the Northeast, those living in the rest of the country had 2 to 4-fold higher
odds of tramadol utilization (South aOR: 2.72, 95% CI: 2.31-3.20; Midwest aOR: 3.88,
95% CI: 3.28-4.58; West: 2.13, 95% CI: 1.79-2.54). In addition, compared to all other
specialties, primary care physicians had significantly lower odds of prescribing to
patients in this population (aOR: 0.19, 95% CI: 0.18-0.20). The study population of
patients who utilized tramadol were underrepresented in the Northeast (6% of patients)
while the South was overrepresented with almost 60% of the population. Specialists
were more likely to prescribe tramadol to pediatric patients than primary care physicians
(which includes pediatricians). This may be due to pediatricians being more aware of
medication safety alerts related to pediatric utilization.

Females in this study had higher odds of higher risk tramadol utilization
compared to males among all categories except for those under the age of 18 and opioid
concurrent utilization. The composite outcome of all high risk categories (minus the
under the age of 18 measure) had an aOR of 1.32 (95% CI: 1.31-1.33). Although scant
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literature is available regarding tramadol utilization among women, there have been
several other studies that showed women have higher odds of concurrent utilization of
opioids in general and sedating agents such as benzodiazepines, non-benzodiazepine
sedative hypnotics, and skeletal muscle relaxants (54, 65). Women have higher rates of
benzodiazepine utilization than males (66), which may contribute to the higher odds of
concurrent utilization with benzodiazepines. Women also represented 63% of the
patients who utilized tramadol. An additional safety concern of tramadol is the risk of
QT prolongation and/or torsade de points (1). Women are at an increased risk of QT
prolongation, cardiac arrhythmias, and torsade de points compared to males (67-68).
Considering the higher odds of women having higher risk tramadol utilization compared
to males, future studies should assess whether this has led to women utilizing tramadol
having an increase in adverse outcomes compared to males.

Although tramadol has a lower abuse potential according to the U.S. DEA
controlled substance classifications compared to other opioids (tramadol is a Schedule-IV
controlled substance, while most other opioids are Schedule-II or Schedule-III), several
studies have shown an increased risk of chronic utilization of tramadol (9-12, 69). An
analysis conducted by the Centers for Disease Control and Prevention (CDC) showed that
opioid naïve patients that initiated opioid therapy with tramadol had the second highest
tendency of continued opioid use at both one year (13.7%) and three years (6.8%), and
only followed patient who initiated therapy with a long acting opioid (27.3% and 20.5%
respectively) (9). An analysis of the OptumLabs Data Warehouse from 2009 through
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June 2018 of patients who were opioid naive and undergoing surgery found that
compared to non-tramadol short-acting opioids, those who received tramadol as initial
therapy had a slightly increased risk of additional opioid use after surgery (adjusted risks
ratios [aRR]: 1.06, 95% CI: 1.00-1.13), persistent opioid use after surgery (aRR: 1.47,
95% CI: 1.25-1.69), and meeting the CONSORT definition of opioid dependence (aRR:
1.41, 95% CI: 1.08-1.75) (11). A study utilizing the IQVIA’s Real-World Data:
Adjudicated Claims-USA database from 2006 through 2016 analyzing patients who were
opioid naïve at baseline found that a significantly higher percentage of patients initiating
tramadol transitioned to chronic utilization (4.2%) compared to codeine (0.5%),
hydrocodone (1.0%), and oxycodone (1.1%) (p<0.001) (10). A study that assessed
primary care electronic health record data in Germany and France using the IMS®
Disease Analyzer database from January 2006 through 2016 found that the risk of long
term tramadol utilization (>365 days) for patients newly initiated on tramadol increased
with age with patients 60 years and older having the highest risks (69). This highlights
the fact that while tramadol has a lower controlled substance classification compared to
other opioids (Schedule-IV vs Schedule-II or III), that does not inherently mean that it is
a safer medication and calls into question if it is appropriately scheduled according to its
abuse potential.

In this study we found primary care physicians were more likely to prescribe
tramadol in patients with higher risks compared to all other specialties except for the
measures of concurrent opioid utilization, patients under the age of 18, and patients with
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epilepsy. For the composite outcome of higher risk tramadol utilization of any type,
primary care physicians had an 84% higher odds (aOR: 1.84, 95% CI: 1.83-1.86) of
prescribing tramadol in patients with higher risks of adverse outcomes, as compared with
specialists, after adjusting for covariates. An analysis of the Truven Health Analytics
MarketScan from 2012 through 2015 of patients aged 18 through 64 found that family
practitioners and internal medicine physicians made up a significantly higher proportion
of tramadol prescriptions compared to other opioids in 2015 (40.1% vs 32.2%; and 19%
vs 16%, respectively) (7). However, the percentage of tramadol prescriptions being
issued by family practitioners and internal medicine physicians decreased in 2015
compared to 2012 following the classification of tramadol as a controlled substance, and
the reclassification of hydrocodone as a Schedule-II controlled substance in 2014 (40.1%
vs 43.8%; and 19.8% vs 20.2%, respectively); while the percentage increased for
surgeons and non-physicians (20.6% vs 19.2%; and 7.3% vs 4.7%, respectively) (7).
These findings may be due to primary care providers having less familiarity with the risks
associated with tramadol compared to specialists who may be more experienced and
knowledgeable in pain management. Overall, prescribers may also view tramadol having
a lower controlled substance abuse classification (Schedule-IV) compared to most other
opioids (Schedule-II) as implying it is a safer medication (14). In addition, since it does
not have a Schedule-II controlled substance classification, it allows for easier prescribing
and utilization. Tramadol prescriptions can have up to 5 refills as well as 90 days
supplies with a maximum of 6 months cumulative supply per tramadol prescription,
whereas Schedule-II controlled substances can only have a maximum of 30 day supplies
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with no refills. This may lead to prescribers preferring to prescribe tramadol since there
are less restrictions with its use compared to other opioids (5). In addition, patients who
have mobility issues or may not have adequate transportation may prefer to receive
tramadol compared to Schedule-II controlled substance analgesics so that they do not
have to see the prescriber every month to receive a new prescription (5). Another factor
potentially influencing tramadol utilization is that laws and regulations in certain states
may not allow mid-level practitioners to prescribe Schedule-II controlled substances (70),
thus limiting the analgesic options available in their prescribing repertoire, and increasing
the likelihood of tramadol being selected as an analgesic therapy. Additional prescriber
and pharmacist education regarding tramadol’s complex safety profile, metabolism, drugdrug interactions, and drug-disease interactions may be needed to highlight the potential
risks associated with tramadol utilization in an attempt to try and prevent future adverse
outcomes from tramadol use in higher risk patients.

Tramadol utilization has also been associated with emergency department (ED)
visits and hospitalizations. An analysis of the Drug Abuse Warning Network (DAWN)
found that there were greater than 27,000 ED visits in the United States in the year 2011
related to tramadol utilization (71). Of these, more than a third (35%) were of patients 65
years and older, 39.5% involved other pharmaceutical medications in combination to
tramadol, and 17% required hospital admission or transfer to another health care facility
(71). Approximately 2,500 of these ED visits (9.4%) were due to combination of
tramadol with other narcotic pain relievers, 2,600 (9.5%) involved combination with
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antidepressants, and 2,000 (7.6%) involved combination with antiepileptic drugs (71). A
propensity score adjusted nested case-control study using the United Kingdom Clinical
Practice Research Datalink (CPRD) linked to the Hospital Episode Statistics (HES)
database for all patients treated with tramadol or codeine for noncancer pain from 1998
through 2012 found that those treated with tramadol had significantly higher risk of
hospitalization for hypoglycemia compared to codeine (aOR: 1.52, 95% CI: 1.09-2.10)
(72) which supports findings from spontaneous reporting databases and case reports. The
risk in the CPRD study was even more profound during the first 30 days after initiating
treatment (aOR: 2.61, 95% CI: 1.61-4.23), suggesting a dose-dependent response (72).
These studies help to highlight that tramadol has additional risks of adverse outcomes
compared to other opioids, however, comparative outcomes studies are lacking.
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3.6 Limitations

There are several limitations to this study. The first limitation is that we do not
know whether the use of tramadol in these higher risk populations led to morbidity and/or
mortality. It may be that some of these risks stated in the tramadol package insert are
overstated, with an outcome-based study needed to examine these. Since the study
design was cross-sectional, these findings only reveal associations that need to be further
explored in future studies using more robust study designs. Retrospective cohort studies
or case control studies are needed to assess if tramadol utilization in these higher risk
circumstances worsens clinical outcomes such as emergency department visits,
hospitalizations, healthcare resource utilization, and costs. Another limitation is that
although patients may have had overlapping therapy, that does not necessarily mean that
the patients took the medications concurrently. The prescribing clinician may have
warned the patient about the interaction and instructed them to stop taking one of the
interacting medications. In addition, we do not have a full understanding of the risk
versus benefit assessment for each patient. The FDA safety alert related to tramadol
prescribing for patients under the age of 18 was not issued until April 2017 which was
almost two thirds of the way through this study. This may have impacted the results as
prescribers may have stopped prescribing tramadol to patients under 18 after this alert
was issued (62). However, tramadol has not been indicated in the treatment of pediatric
patients with its prescribing information from before 2016 having stated that “The use of
tramadol hydrochloride in the pediatric population is not recommended” (64). Future
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studies would be needed to assess if the new FDA warnings led to a decrease in
prescribing of tramadol for pediatric patients. An additional limitation of this study is
that it was conducted of a commercial insurance population in the United States and the
results may not be generalizable to the full Medicare or Medicaid populations.

Due to the contraindications, drug-drug interactions, and drug-disease interactions
associated with tramadol utilization, these risks need to be measured in conjunction with
the potential benefit tramadol may provide. While tramadol does have a potentially
problematic safety profile, some patients may be at a lower risk of harms and may benefit
from its use. Due to the theoretic potential of serotonergic benefit through its unique
mechanism of action, tramadol may have a potential use in neuropathic pain compared to
other agents. However. this needs further study while tramadol does not have an
indication specific for neuropathic pain. In this study we were unable to assess the risk
versus benefit calculation made in individual cases. However, we attempted to highlight
the prevalence of higher risk tramadol utilization on a population level.
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3.7 Conclusion:

Almost 1 in 3 patients utilizing tramadol had of higher risks of adverse outcomes.
Specifically, 20% of patients utilizing tramadol had concurrent utilization with
serotonergic medications, 19% had concurrent utilization with relevant CYP isoenzyme
inhibitors or inducer, 8% had concurrent utilization with benzodiazepines, and 7% had
concurrent utilization with non-tramadol opioids. In addition, females, patients with
multiple comorbidities, and those aged 50 to 64 had the highest odds of tramadol
utilization among patients with high risks. These findings suggest that additional
prescriber education and pharmacy oversight may be needed to address higher risk use of
tramadol as noted in this study.
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Table 1: Demographics of Patients with at Least 1 Tramadol Prescription
Patients with at Least 1 Tramadol Prescription
N (%)
Overall

1,260,865 (100.0%)
Age

0-17

6,885 (0.6%)

18-34

130,194 (10.3%)

35-49

221,519 (17.6%)

50-64

346,080 (27.5%)

65-74

293,133 (23.2%)

75+

263,054 (20.9%)
Sex

Male

464,733 (36.9%)

Female

796,132 (63.1%)
Region

Northeast

74,597 (5.9%)

South

740,173 (58.7%)

Midwest

242,036 (19.2%)

West

204,059 (16.2%)
Payment Type

Commercial

639,632 (49.9%)

Medicare <65

117,902 (9.4%)

Medicare 65+

513,331 (40.7%)
Elixhauser Comorbidity Index

0

197,281 (15.6%)

1-2

375,874 (29.8%)

3-4

298,518 (23.7%)

5-6

181,660 (14.4%)

7+

207,532 (16.5%)
Provider Specialty

Primary Care
Physician
All Other
Specialties

543,138 (43.1%)
717,727 (56.9%)

*Patients with diagnoses of cancer and/or sickle cell disease were excluded
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Table 2: Prevalence of Tramadol Utilization Among Patients with Higher Risks of
Adverse Outcomes
Number of Patients with
Concurrent Utilization
Overall (N=1,260,865)

Rate

99% Confidence
Interval

15.69-15.86

Tramadol use in combination with
Other Drugs:
CYP 2D6 Inhibitors

198,933

15.78%

CYP 3A4 Inhibitors

84,996

6.74%

6.68-6.80

CYP 3A4 Inducers

12,989

1.03%

1.01-1.05

Any CYP Isoenzyme Affecting Drug

247,895

19.66%

19.57-19.75

Serotonergic Medications

242,619

19.24%

19.15-19.33

Benzodiazepines

100,104

7.93%

7.88-8.00

76,254

6.05%

5.99-6.10

Non-Benzodiazepine Sedative
Hypnotics

28,703

2.28%

2.24-2.31

Patients with Epilepsy

20,022

1.59%

1.56-1.61

6,885

0.55%

0.53-0.56

392,977

31.17%

Non-Tramadol Opioids

Patients Under the Age of 18
Composite (any of above)
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31.06-31.27

Table 3: Multivariable Regression Results: Odds of Higher Risk Tramadol Utilization
According to Patient Demographics and Provider Type
Tramadol Plus:

Serotonergic
95%
aOR CI

0-17
18-34
35-49
50-64
65-74
75+
Male
Female
Northeast

0.360.46
0.590.60 0.62
Reference
1.071.09 1.11
1.031.06 1.10
0.760.79 0.81
0.40

Reference
1.671.69 1.71

West

Reference
.1031.05 1.07
1.131.15 1.17
1.101.13 1.15

Commercial
Medicare
<65
Medicare
65+

Reference
2.042.08 2.11
1.251.29 1.32

Primary
Care
Physician
All Other
Specialties

1.69

South
MidWest

0
1-2

1.681.71

Reference
Reference
1.861.90 1.94

CYP
Isoenzyme
Drug
Interaction
95%
aOR CI
0.230.33
0.530.54 0.56
Reference
1.321.34 1.36
1.661.71 1.76
1.461.51 1.55

Benzodiazepines
aOR
Age

95% CI

0.090.17
0.530.55 0.57
Reference
0.991.01 1.04
0.971.01 1.05
0.790.83 0.87
Gender
Reference
Reference
1.311.611.32 1.33
1.64 1.66
Region
Reference
Reference
1.011.091.03 1.05
1.12 1.15
1.080.981.10 1.13
1.08 1.04
0.960.920.98 1.00
0.95 0.98
Payment Type
Reference
Reference
1.842.021.87 1.91
2.07 2.11
1.141.161.17 1.20
1.20 1.25
Provider Specialty
0.28

1.74

1.721.75

0.12

1.94

1.911.96

Reference
Reference
Elixhauser Comorbidity Index
Reference
Reference
2.121.692.17 2.22
1.74 1.79
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NonBenzodiazepine
Sedative
Hypnotics
95%
aOR
CI
0.020.11
0.350.38 0.40
Reference
1.201.24 1.28
1.251.33 1.41
0.650.70 0.75

Opioids
95%
aOR CI
0.220.36
0.530.55 0.57
Reference
1.051.07 1.10
0.920.97 1.01
0.560.59 0.62

0.05

0.28

Reference
1.251.28 1.31

Reference
0.981.00 1.02

Reference
0.951.00 1.05
0.780.83 0.88
1.031.10 1.16

Reference
1.521.58 1.64
1.561.63 1.69
1.821.89 1.97

Reference
1.141.18 1.23
0.390.41 0.44

Reference
2.022.07 2.12
1.141.19 1.24

1.77

1.731.82

1.12

1.111.14

Reference

Reference

Reference
1.611.69 1.77

Reference
1.751.82 1.88

3-4

2.79

5-6

3.53

7+

4.49

2.732.85
3.453.61
4.394.59

3.41
4.32
5.17

3.333.49
4.224.43
5.055.30

2.23
2.61
3.15

aOR: adjusted odds ratio; CI: Confidence Interval
*Bold indicates statistical significance
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2.162.30
2.532.70
3.053.26

2.09
2.33
2.55

1.992.20
2.212.45
2.412.69

2.59
3.26
4.21

2.502.69
3.143.39
4.064.37

Table 4: Multivariable Regression Results: Odds of Tramadol Utilization in Patients with
Epilepsy or Seizure Disorders According to Patient Demographics and Provider Type
Epilepsy
Adjusted Odds
95% Confidence
Ratio (aOR)
Intervals
Age
0-17
18-34
35-49
50-64
65-74
75+
Sex
Male
Female
Region
Northeast
South
Midwest
West
Payment Type
Commercial
Medicare <65
Medicare 65+
Provider Specialty
Primary Care
Physician
All Other Specialties

0.94
1.07
0.67
1.08
1.12

0.71-1.23
1.00-1.14
Reference
0.64-0.71
0.97-1.21
1.00-1.26

1.07

Reference
1.04-1.10

1.03
0.99
0.91

Reference
0.97-1.09
0.93-1.05
0.85-0.97

9.23
2.01

Reference
8.82-9.65
1.81-2.23

0.92

0.90-0.95
Reference

*Bold indicates statistical significance
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Table 5: Multivariable Regression Results: Odds of Higher Risk Tramadol Utilization for
the Composite Outcome According to Patient Demographics and Provider Type
Composite^
Adjusted Odds
95% Confidence
Ratio (aOR)
Intervals
Age
0-17

0.39

0.35-0.43

18-34

0.59

0.58-0.61

35-49

Reference

50-64

1.21

1.19-1.22

65-74

1.39

1.35-1.42

75+

1.19

1.16-1.22

Gender
Male
Female

Reference
1.32

1.31-1.33

Region
Northeast

Reference

South

1.05

1.03-1.07

MidWest

1.11

1.09-1.13

West
1.06
Payment Type
Commercial
Medicare <65
2.11
Medicare 65+
1.24
Provider Specialty
Primary Care
Physician
1.84
All Other Specialties
Elixhauser Comorbidity Index

1.04-1.08

0

Reference
2.08-2.14
1.21-1.27

1.83-1.86
Reference
Reference

1-2

1.93

1.90-1.96

3-4

2.81

2.76-2.86

5-6

3.49

3.43-3.56

7+

4.33

4.25-4.41

^Does not include the measure of patients under the age of 18

*Bold indicates statistical significance
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Table 6: Multivariable Regression Results: Odds of Tramadol Utilization in Patients
Under the Age of 18 According to Patient Demographics and Provider Type
Younger than 18
Adjusted Odds
95% Confidence
Ratio (aOR)
Intervals
Sex
Male
Female
Region
Northeast
South
Midwest
West
Provider Specialty
Primary Care
Physician
All Other Specialties

0.79

Reference
0.75-0.82

2.72
3.88
2.13

Reference
2.31-3.20
3.28-4.58
1.79-2.54

0.19

0.18-0.20
Reference

*Bold indicates statistical significance
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Figure 1: Study Sample Identification Flowchart
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Figure 2: Adjusted Odds of the Composite of all Types of Higher Risk Tramadol
Utilization

Study sample size: 1,260,865
aOR: adjusted odds ratio
*Reference Groups: Age: 35-49; Sex: Male; Geographic Region: Northeast; Payment
Type: Commercial Insurance; Prescriber Specialty: Primary Care Physician;
Comorbidities: 0
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APPENDICES
Appendix Figure 1: Literature Review Search Results Flowchart
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Appendix Table 1: Opioid Medications and Formulations Indicative of Cancer or
Hospice that led to Patient Exclusions
Formulation

Medication

Lozenge

Fentanyl

Troche

Fentanyl

Solution

Hydromorphone

Solution

Meperidine

Solution

Methadone

Solution

Morphine

Solution

Oxycodone
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Appendix Table 3: Prescription Controlled Medication Framework Measure Calculation
Definitions
Domain

Measure
Mean MME/day per
patient
Patients with opioid
dose ≥90 MME/day
(based on last fill)

Opioid
Utilization

New opioid fillers
who become
chronic utilizers
Chronic tramadol
utilization

Concurrent use of
opioids and any
other controlled
medication
Mean DME/day per
patient

Benzodiazepine
Utilization

Care
Coordination

Patients with
benzodiazepine
dose ≥20 DME/day
(based on last fill)
Co-prescribing of
opioids and
benzodiazepines
within 30-day
period
Concurrent use of
opioids and
benzodiazepines
Chronic concurrent
use of opioids and
benzodiazepines
Patients with > 4
prescribers of
controlled
medications
Patients with > 4
pharmacies
dispensing

Numerator
Cumulative MME/day for all
patients
Patients meeting the
denominator definition who
received at least 90 days worth
of opioids
Patients whose last opioid
prescription had a dose greater
than or equal to 90 MME/day
Patients meeting the
denominator definition who
received at least 120 days
worth of tramadol
Patients who had at least 7
days of overlap with opioids
and any non-opioid controlled
substance
Cumulative DME/day for all
patients
Patients whose last
Benzodiazepine prescription
had a dose greater than 20
DME/Day
Patients who had a
benzodiazepine prescription
dispensed within a 30 day
period of having an opioid
dispensed
Patients who had at least 7
days of overlap with opioids
and benzodiazepines
Patients who had at least 120
days of overlap with opioids
and benzodiazepines

Denominator
All patients who received at
least one opioid prescription
in the calendar year
All patients whose initial
opioid dispensing was after
the first 90 days and before
the last 120 days of the
calendar year
All patients who received at
least one opioid prescription
in the calendar year
All patients whose initial
tramadol dispensing was
before the last 120 days of
the calendar year
All patients who received at
least one opioid in the
calendar year
All patients who received at
least one benzodiazepine
prescription in the calendar
year
All patients who received at
least one benzodiazepine
prescription in the calendar
year
All patients who received at
least one opioid prescription
in the calendar year

Patients who had controlled
substance prescriptions written
by greater than 4 prescribers

All patients who received at
least one opioid prescription
in the calendar year
All patients who received at
least one opioid prescription
in the calendar year
Patients who had at least
one controlled substance
dispensing during the
calendar year

Patients who had controlled
substance prescriptions

Patients who had at least
one controlled substance
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controlled
medications
Non-adherence with
buprenorphine

Buprenorphine
Utilization

Concurrent use of
buprenorphine and
opioids
Concurrent use of
buprenorphine and
benzodiazepines
Concurrent use of
buprenorphine and
any nonbuprenorphine
controlled
medication

dispensed at greater than 4
pharmacies
Patients who met the
denominator definition who
did not achieve at least 80%
adherence of buprenorphine.
Adherence was measured as
the date of dispensing of initial
prescription until the date of
dispensing of final
prescription plus day supply
Patients who had at least 7
days of overlap with
buprenorphine and opioids
Patients who had at least 7
days of overlap with
buprenorphine and
benzodiazepines
Patients who had at least 7
days of overlap with
buprenorphine and any nonbuprenorphine controlled
substance

dispensing during the
calendar year

Patients who had at least 2
buprenorphine prescription
dispensings in the calendar
year

All patients who received at
least one buprenorphine
prescription in the calendar
year
All patients who received at
least one buprenorphine
prescription in the calendar
year
All patients who received at
least one buprenorphine
prescription in the calendar
year

Note: MME: morphine milligram equivalents; DME: diazepam milligram equivalents
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Appendix Table 4: List of Oncology Specific International Classification of Diseases,
10th Revision, Clinical Modification [ICD-10-CM] Diagnosis Codes
ICD-10-CM
Code

Diagnosis

C00

Malignant neoplasm of the lip

C01

Malignant neoplasm of the base of tongue

C02

Malignant neoplasm of the tongue

C03

Malignant neoplasm of the gums

C04

Malignant neoplasm of the mouth

C05

Malignant neoplasm of palate

C060

Malignant neoplasm of cheek mucosa

C061

Malignant neoplasm of vestibule of mouth

C062

Malignant neoplasm of retromolar area

C068

Malignant neoplasm of overlapping sites of mouth

C069

Malignant neoplasm of mouth unspecified

C07

Malignant neoplasm of parotid gland

C080

Malignant neoplasm of submandibular gland

C081

Malignant neoplasm of sublingual gland

C089

Malignant neoplasm of major salivary gland unspecified

C09

Malignant neoplasm of the tonsils

C100

Malignant neoplasm of vallecula

C101

Malignant neoplasm of anterior surface of the epiglottis

C102

Malignant neoplasm of the lateral wall of the oropharynx

C103

Malignant neoplasm of the posterior wall of the oropharynx

C104

Malignant neoplasm of the branchial cleft

C108

Malignant neoplasm of overlapping sites of the oropharynx

C109

Malignant neoplasm of the oropharynx unspecified

C11

Malignant neoplasm of the nasopharynx

C12

Malignant neoplasm of the pyriform sinus

C130

Malignant neoplasm of the postcricoid region

C131

Malignant neoplasm of the aryepiglottic fold, hypopharyngeal aspect

C132

Malignant neoplasm of the posterior wall of the hypopharynx

C138

Malignant neoplasm of overlapping sites of hypopharynx

C139

Malignant neoplasm of hypopharynx unspecified

C140

Malignant neoplasm of pharynx, unspecified

C142

Malignant neoplasm of waldeyers ring

C148

Malignant neoplasm of overlapping sites of lip, oral cavity, and pharynx

C15

Malignant neoplasm of esophagus

C160

Malignant neoplasm of cardia

C161

Malignant neoplasm of fundus of stomach

162

C162

Malignant neoplasm of body of stomach

C163

Malignant neoplasm of pyloric antrum

C164

Malignant neoplasm of pylorus

C165

Malignant neoplasm of lesser curvature of stomach unspecified

C166

Malignant neoplasm of greater curvature of stomach unspecified

C168

Malignant neoplasm of overlapping sites of stomach

C169

Malignant neoplasm of stomach unspecified

C170

Malignant neoplasm of duodenum

C171

Malignant neoplasm of jejunum

C172

Malignant neoplasm of ileum

C173

Meckels diverticulum malignant

C178

Malignant neoplasm of overlapping sites of small intestine

C179

Malignant neoplasm of small intestine unspecified

C180

Malignant neoplasm of cecum

C181

Malignant neoplasm of appendix

C182

Malignant neoplasm of ascending colon

C183

Malignant neoplasm of hepatic flexure

C184

Malignant neoplasm of transverse colon

C185

Malignant neoplasm of splenic flexure

C186

Malignant neoplasm of descending colon

C187

Malignant neoplasm of sigmoid colon

C188

Malignant neoplasm of overlapping sites of colon

C189

Malignant neoplasm of colon unspecified

C19

Malignant neoplasm of rectosigmoid junction

C20

Malignant neoplasm of rectum

C210

Malignant neoplasm of anus unspecified

C211

Malignant neoplasm of anal canal

C212

Malignant neoplasm of cloacogenic zone

C218

Malignant neoplasm of overlapping sites of rectum, anus, and anal canal

C220

Liver cell carcinoma

C221

Intrahepatic bile duct carcinoma

C222

Hepatoblastoma

C223

Angiosarcoma of liver

C224

Other sarcomas of liver

C227

Other specified carcinomas of liver

C228

Malignant neoplasm of liver, primary, unspecified as to type

C229

Malignant neoplasm of liver, not specified as primary or secondary

C23

Malignant neoplasm of the gallbladder

C240

Malignant neoplasm of the extrahepatic bile duct
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C241

Malignant neoplasm of ampulla of vater

C248

Malignant neoplasm of overlapping sites of biliary tract

C249

Malignant neoplasm of biliary tract, unspecified

C25

Malignant neoplasm of the pancreas

C260

Malignant neoplasm of the intestinal tract, part unspecified

C261

Malignant neoplasm of the spleen

C269

Malignant neoplasm of ill-defined sites within the digestive system

C300

Malignant neoplasm of the nasal cavity

C301

Malignant neoplasm of the middle ear

C31

Malignant neoplasm of the sinuses

C320

Malignant neoplasm of glottis

C321

Malignant neoplasm of supraglottis

C322

Malignant neoplasm of subglottis

C323

Malignant neoplasm of laryngeal cartilage

C328

Malignant neoplasm of overlapping sites of larynx

C329

Malignant neoplasm of larynx unspecified

C33

Malignant neoplasm of trachea

C3400

Malignant neoplasm of unspecified main bronchus

C3401

Malignant neoplasm of right main bronchus

C3402

Malignant neoplasm of left main bronchus

C341

Malignant neoplasm of upper lobe

C342

Malignant neoplasm of middle lobe, bronchus or lung

C3430

Malignant neoplasm of lower lobe

C3480

Malignant neoplasm of overlapping sites of unspecified bronchus and lung

C3481

Malignant neoplasm of overlapping sites of right bronchus and lung

C3482

Malignant neoplasm of left bronchus and lung

C3490

Malignant neoplasm of unspecified part of unspecified bronchus or lung

C3491

Malignant neoplasm of unspecified part of right bronchus or lung

C3492

Malignant neoplasm of unspecified part of left bronchus or lung

C37

Malignant neoplasm of the thymus

C380

Malignant neoplasm of the heart

C381

Malignant neoplasm of anterior mediastinum

C382

Malignant neoplasm of posterior mediastinum

C383

Malignant neoplasm of mediastinum, part unspecified

C384

Malignant neoplasm of pleura

C388

Malignant neoplasm of overlapping sites of heart, mediastinum and pleura

C390

Malignant neoplasm of upper respiratory tract, part unspecified

C399

Malignant neoplasm of lower respiratory tract, part unspecified

C400

Malignant neoplasm of scapula and long bones of upper limb
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C401

Malignant neoplasm of short bones of upper limb

C402

Malignant neoplasm of long bones of lower limb

C403
C4080

Malignant neoplasm of short bones of lower limb
Malignant neoplasm of overlapping sites of bone and articular cartilage of
unspecified limb

C4081

Malignant neoplasm of overlapping sites of bone and articular cartilage of right limb

C4082

Malignant neoplasm of overlapping sites of bone and articular cartilage of left limb

C4090

Malignant neoplasm of unspecified bones and articular cartilage of unspecified limbs

C4091

Malignant neoplasm of unspecified bones and articular cartilage of right limbs

C4092

Malignant neoplasm of unspecified bones and articular cartilage of left limbs

C410

Malignant neoplasm of bones of skull and face

C411

Malignant neoplasm of mandible

C412

Malignant neoplasm of vertebral column

C413

Malignant neoplasm of ribs, sternum, and clavicle

C414

Malignant neoplasm of pelvic bones, sacrum, and coccyx

C419

Malignant neoplasm of bone and articular cartilage unspecified

C43

Malignant melanoma

C45

Mesothelioma

C46

Kaposis sarcoma

C47

Malignant neoplasm of peripheral nerves

C48

Malignant neoplasm of peritoneum

C49

Malignant neoplasm of connective and soft tissue

C4A0

Merkel cell carcinoma of lip

C4A1

Merkel cell carcinoma of eyelid

C4A2

Merkel cell carcinoma of ear

C4A30

Merkel cell carcinoma of unspecified part of face

C4A31

Merkel cell carcinoma of nose

C4A39

Merkel cell carcinoma of other parts of face

C4A4

Merkel cell carcinoma of scalp and neck

C4A51

Merkel cell carcinoma of anal skin

C4A52

Merkel cell carcinoma of skin of breast

C4A59

Merkel cell carcinoma of other parts of trunk

C4A6

Merkel cell carcinoma of upper limb

C4A7

Merkel cell carcinoma of lower limb

C4A8

Merkel cell carcinoma of overlapping sites

C4A9

Merkel cell carcinoma unspecified

C5001

Malignant neoplasm of nipple and areola, female breast

C5002

Malignant neoplasm of nipple and areola, male breast

C5011

Malignant neoplasm of central portion of female breast

C5012

Malignant neoplasm of central portion of male breast
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C5021

Malignant neoplasm of upper inner quadrant of female breast

C5022

Malignant neoplasm of upper inner quadrant of male breast

C5031

Malignant neoplasm of lower inner quadrant of female breast

C5032

Malignant neoplasm of lower inner quadrant of male breast

C5041

Malignant neoplasm of upper outer quadrant of female breast

C5042

Malignant neoplasm of upper outer quadrant of male breast

C5051

Malignant neoplasm of lower outer quadrant of female breast

C5052

Malignant neoplasm of lower outer quadrant of male breast

C5061

Malignant neoplasm of axillary tail of female breast

C5062

Malignant neoplasm of axillary tail of male breast

C5081

Malignant neoplasm of overlapping sites of female breast

C5082

Malignant neoplasm of overlapping sites of male breast

C5091

Malignant neoplasm of unspecified site of female breast

C5092

Malignant neoplasm of unspecified site of male breast

C510

Malignant neoplasm of labium majus

C511

Malignant neoplasm of labium minus

C512

Malignant neoplasm of clitoris

C518

Malignant neoplasm of overlapping sites of vulva

C519

Malignant neoplasm of vulva unspecified

C52

Malignant neoplasm of the vagina

C53

Malignant neoplasm of the cervix

C540

Malignant neoplasm of isthmus uteri

C541

Malignant neoplasm of endometrium

C542

Malignant neoplasm of myometrium

C543

Malignant neoplasm of fundus uteri

C548

Malignant neoplasm of overlapping sites of corpus uteri

C549

Malignant neoplasm of corpus uteri unspecified

C55

Malignant neoplasm of uterus unspecified

C56

Malignant neoplasm of ovary

C570

Malignant neoplasm of fallopian tube

C571

Malignant neoplasm of broad ligament

C572

Malignant neoplasm of round ligament

C573

Malignant neoplasm of parametrium

C574

Malignant neoplasm of uterine adnexa unspecified

C577

Malignant neoplasm of other specified female genital organs

C578

Malignant neoplasm of overlapping sites of female genital organs

C579

Malignant neoplasm of female genital organ unspecified

C58

Malignant neoplasm of placenta

C600

Malignant neoplasm of prepuce
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C601

Malignant neoplasm of glans penis

C602

Malignant neoplasm of body of penis

C608

Malignant neoplasm of overlapping sites of penis

C609

Malignant neoplasm of penis unspecified

C61

Malignant neoplasm of prostate

C62

Malignant neoplasm of testis

C630

Malignant neoplasm of epididymis

C631

Malignant neoplasm of spermatic cord

C632

Malignant neoplasm of scrotum

C637

Malignant neoplasm of other specified male genital organs

C638

Malignant neoplasm of overlapping sites of male genital organs

C639

Malignant neoplasm of male genital organ unspecified

C641

Malignant neoplasm of right kidney except renal pelvis

C642

Malignant neoplasm of left kidney except renal pelvis

C649

Malignant neoplasm of unspecified kidney except renal pelvis

C65

Malignant neoplasm of renal pelvis

C66

Malignant neoplasm of ureter

C67

Malignant neoplasm of bladder

C680

Malignant neoplasm of urethra

C681

Malignant neoplasm of paraurethral glands

C688

Malignant neoplasm of overlapping sites of urinary organs

C689

Malignant neoplasm of urinary organ unspecified

C690

Malignant neoplasm of conjunctiva

C691

Malignant neoplasm of cornea

C692

Malignant neoplasm of retina

C693

Malignant neoplasm of choroid

C694

Malignant neoplasm of ciliary body

C695

Malignant neoplasm of lacrimal gland and duct

C696

Malignant neoplasm of orbit

C698

Malignant neoplasm of overlapping sites of eye and ednexa

C699

Malignant neoplasm of unspecified site of eye

C70

Malignant neoplasm of meninges

C710

Malignant neoplasm of cerebrum except lobes and ventricles

C711

Malignant neoplasm of frontal lobe

C712

Malignant neoplasm of temporal lobe

C713

Malignant neoplasm of parietal lobe

C714

Malignant neoplasm of occipital lobe

C715

Malignant neoplasm of cerebral ventricle

C716

Malignant neoplasm of cerebellum
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C717

Malignant neoplasm of brain stem

C718

Malignant neoplasm of overlapping sites of brain

C719

Malignant neoplasm of brain unspecified

C720

Malignant neoplasm of spinal cord

C721

Malignant neoplasm of cauda equina

C722

Malignant neoplasm of olfactory nerve

C723

Malignant neoplasm of optic nerve

C724

Malignant neoplasm of acoustic nerve

C725

Malignant neoplasm of cranial nerve

C729

Malignant neoplasm of central nervous system unspecified

C73

Malignant neoplasm of thyroid gland

C740

Malignant neoplasm of cortex of adrenal gland

C741

Malignant neoplasm of medulla of adrenal gland

C749

Malignant neoplasm of unspecified part of adrenal gland

C750

Malignant neoplasm of parathyroid gland

C751

Malignant neoplasm of pituitary gland

C752

Malignant neoplasm of craniopharyngeal duct

C753

Malignant neoplasm of pineal gland

C754

Malignant neoplasm of carotid body

C755

Malignant neoplasm of aeoritc body and other paraganglia

C758

Malignant neoplasm with pluriglandular involvement unspecified

C759

Malignant neoplasm of endocrine gland unspecified

C760

Malignant neoplasm of head, face, and neck

C761

Malignant neoplasm of thorax

C762

Malignant neoplasm of abdomen

C763

Malignant neoplasm of pelvis

C764

Malignant neoplasm of upper limb

C765

Malignant neoplasm of lower limb

C768
C770

Malignant neoplasm of other specified ill-defined sites
Secondary and unspecified malignant neoplasm of lymph nodes of head, face, and
neck

C771

Secondary and unspecified malignant neoplasm of intrathoracic lymph nodes

C772

C774

Secondary and unspecified malignant neoplasm of intra-abdominal lymph nodes
Secondary and unspecified malignant neoplasm of axilla and upper limb lymph
nodes
Secondary and unspecified malignant neoplasm of inguinal and lower limb lymph
nodes

C775

Secondary and unspecified malignant neoplasm of intrapelvic lymph nodes

C778

Secondary and unspecified malignant neoplasm of lymph nodes of multiple regions

C779

Secondary and unspecified malignant neoplasm of lymph node unspecified

C780

Secondary malignant neoplasm of lung

C773
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C781

Secondary malignant neoplasm of mediastinum

C782

Secondary malignant neoplasm of pleura

C7830

Secondary malignant neoplasm of unspecified respiratory organ

C7839

Secondary malignant neoplasm of other respiratory organs

C784

Secondary malignant neoplasm of small intestine

C785

Secondary malignant neoplasm of large intestine and rectum

C786

Secondary malignant neoplasm of retroperitoneum and peritoneum

C787

Secondary malignant neoplasm of liver and intrahepatic bile duct

C7880

Secondary malignant neoplasm of unspecified digestive organ

C7889

Secondary malignant neoplasm of other digestive organs

C790

Secondary malignant neoplasm of kidney and renal pelvis

C7910

Secondary malignant neoplasm of unspecified urinary organs

C7911

Secondary malignant neoplasm of bladder

C7919

Secondary malignant neoplasm of other urinary organs

C792

Secondary malignant neoplasm of skin

C7931

Secondary malignant neoplasm of brain

C7932

Secondary malignant neoplasm of cerebral meninges

C7940

Secondary malignant neoplasm of unspecified part of nervous system

C7949

Secondary malignant neoplasm of other parts of nervous system

C7951

Secondary malignant neoplasm of bone

C7952

Secondary malignant neoplasm of bone marrow

C796

Secondary malignant neoplasm of ovary

C797

Secondary malignant neoplasm of adrenal gland

C7981

Secondary malignant neoplasm of breast

C7982

Secondary malignant neoplasm of genital organs

C7989

Secondary malignant neoplasm of other specified sites

C799

Secondary malignant neoplasm of unspecified site

C7A00

Malignant carcinoid tumor of unspecified site

C7A010

Malignant carcinoid tumor of the duodenum

C7A011

Malignant carcinoid tumor of the jejunum

C7A012

Malignant carcinoid tumor of the ileum

C7A019

Malignant carcinoid tumor of the small intestine unspecified portion

C7A020

Malignant carcinoid tumor of the appendix

C7A021

Malignant carcinoid tumor of the cecum

C7A022

Malignant carcinoid tumor of the ascending colon

C7A023

Malignant carcinoid tumor of the transverse colon

C7A024

Malignant carcinoid tumor of the descending colon

C7A025

Malignant carcinoid tumor of the sigmoid colon

C7A026

Malignant carcinoid tumor of the rectum
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C7A029

Malignant carcinoid tumor of the large intestine unspecified portion

C7A090

Malignant carcinoid tumor of the bronchus and lung

C7A091

Malignant carcinoid tumor of the thymus

C7A092

Malignant carcinoid tumor of the stomach

C7A093

Malignant carcinoid tumor of the kidney

C7A094

Malignant carcinoid tumor of the foregut not otherwise specified

C7A095

Malignant carcinoid tumor of the midgut not otherwise specified

C7A096

Malignant carcinoid tumor of the hindgut not otherwise specified

C7A098

Malignant carcinoid tumor of other sites

C7A1

Malignant poorly differentiated neuroendocrine tumors

C7A8

Other malignant neuroendocrine tumors

C7B00

Secondary carcinoid tumors unspecified site

C7B01

Secondary carcinoid tumors of distant lymph nodes

C7B02

Secondary carcinoid tumors of the liver

C7B03

Secondary carcinoid tumors of the bone

C7B04

Secondary carcinoid tumors of the peritoneum

C7B09

Secondary carcinoid tumors of other sites

C7B1

Secondary Merkel cell carcinoma

C7B8

Other secondary neuroendocrine tumors

C800

Disseminated malignant neoplasm unspecified

C801

Malignant primary neoplasm unspecified

C810

Nodular lymphocyte predominant Hodgkin lymphoma

C811

Nodular sclerosis classical Hodgkin lymphoma

C812

Mixed cellularity classical Hodgkin lymphoma

C813

Lymphoma depleted classical Hodgkin lymphoma

C814

Lymphocyte cich classical Hodgkin lymphoma

C817

Other classical Hodgkin lymphoma

C819

Hodgkin lymphoma unspecified

C820

Follicular lymphoma grade I

C821

Follicular lymphoma grade II

C822

Follicular lymphoma grade III

C823

Follicular lymphoma grade IIIa

C824

Follicular lymphoma grade IIIb

C825

Diffuse follicle center lymphoma

C826

Cutaneous follicle center lymphoma

C828

Other types of follicular lymphoma

C829

Follicular lymphoma unspecified

C830

Small cell B-cell lymphoma

C831

Mantle cell lymphoma
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C833

Diffuse large B-cell lymphoma

C835

Lymphoblastic diffuse lymphoma

C837

Burkitt lymphoma

C838

Other non-follicular lymphoma

C839

Non-follicular diffuse lymphoma

C840

Mycosis fungoides

C841

Sezary disease

C844

Peripheral T-cell lymphoma

C846

Anaplastic large cell lymphoma ALK-positive

C847

Anaplastic large cell lymphoma ALK-negative

C849

Mature T/NK cell lymphomas

C84A

Cutaneous T-cell lymphoma unspecified

C84Z

Other mature T/NK cell lymphomas

C851

Unspecified B cell lymphoma

C852

Mediastinal thymic large B cell lymphoma

C858

Other specified types of non-Hodgkin lymphoma

C859

Non-Hodgkin lymphoma unspecified

C860

Extranodal NK/T-cell lymphoma nasal type

C861

Hepatosplenic T cell lymphoma

C862

Enteropathy-type intestinal T cell lymphoma

C863

Subcutaneous panniculitis like T cell lymphoma

C864

Blastic NK cell lymphoma

C865

Angioimmunoblastic T cell lymphoma

C866

Primary cutaneous CD30 positive T cell proliferations

C880

Waldenstrom macroglobulinemia

C882

Heavy chain disease

C883

Immunoproliferative small intestinal disease

C884

Extranodal marginal zone B cell lymphoma of mucosa-associated lymphoid tissue

C888

Other malignant immunoproliferative disease

C889

Malignant immunoproliferative disease unspecified

C9000

Multiple myeloma not having achieved remission

C9001

Multiple myeloma in remission

C9002

Multiple myeloma in relapse

C901

Plasma cell leukemia

C902

Extramedullary plasmacytoma

C903

Solitary plasmacytoma

C910

Acute lymphoblastic leukemia

C911

Chronic lymphocytic leukemia of B cell type

C913

Prolymphocytic leukemia of B cell type
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C914

Hairy cell leukemia

C915

Adult T cell lymphoma/leukemia (HTLV-1 associated)

C916

Prolymphocytic leukemia of T cell type

C919

Lymphoid leukemia unspecified

C91A

Mature B cell leukemia Burkitt type

C91Z

Other lymphoid leukemia

C920

Acute myeloblastic leukemia

C921

Chronic myeloid leukemia BCR/ABL positive

C922

Atypical chronic myeloid leukemia BCR/ABL negative

C923

Myeloid sarcoma

C924

Acute promyelocytic leukemia

C925

Acute myelomonocytic leukemia

C926

Acute myeloid leukemia with 11q23 abnormality

C929

Myeloid leukemia unspecified

C92A

Acute myeloid leukemia with multilineage dysplasia

C92Z

Other myeloid leukemia

C930

Acute monoblastic/monocytic leukemia

C931

Chronic myelomonocytic leukemia

C933

Juvenile myelomonocytic leukemia

C939

Monocytic leukemia unspecified

C93Z

Other monocytic leukemia

C940

Acute erythroid leukemia

C942

Acute megakaryoblastic leukemia

C943

Mast cell leukemia

C948

Other specified leukemias

C950

Acute leukemia of unspecified cell type

C951

Chronic leukemia of unspecified cell type

C959

Leukemia unspecified

C960

Multifocal and multisystemic disseminated Langerhans-cell histiocytosis

C962

Malignant mast cell tumor

C964

Sarcoma of dendritic cells

C969

Malignant neoplasm of lymphoid, hematopoietic and related tissue unspecified

C96A

Histiocytic sarcoma

C96Z

Other specified malignant neoplasms of lymphoid, hematopoietic and related tissue
Other specified neoplasms of uncertain behavior of lymphoid, hematopoietic and
related tissues

D47Z9

*Tables recreated from information from the Agency for Healthcare Research and
Quality (AHRQ) and The Surveillance, Epidemiology, and End Results (SEER) Program
(16-17)
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Appendix Table 5: List of International Classification of Diseases, 10th Revision,
Clinical Modification Diagnosis Codes of Sickle Cell Disease
ICD-10 Code

Diagnosis

D5700

Sickle cell HbSS with crisis

D5701

Sickle cell HbSS with acute chest syndrome

D5702

Sickle cell HbSS with splenic sequestration

D571

Sickle cell disease without crisis
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Appendix Table 6: List of High Risk Serotonergic Medications
Drug

Medication
Class

Serotonergic Mechanism

Bupropion

Antidepressants

Inhibit serotonin uptake

Mirtazapine

Antidepressants

Increase serotonin release & Activate serotonin receptors

Nefazodone

Antidepressants

Inhibit serotonin uptake

Trazodone

Antidepressants

Inhibit serotonin uptake & Activate serotonin receptors

Granisetron

Antiemetics

Inhibit serotonin uptake

Ondansetron

Antiemetics

Inhibit serotonin uptake

Fluconazole

Anti-fungal

Inhibit CYP450 microsomal oxidases

Dihydroergotamine

Antimigraine

Activate serotonin receptors

L-dopa

Anti-Parkinson

Increase serotonin release

Risperidone

Antipsychotic

Inhibit CYP450 microsomal oxidases

Ritonavir

Anti-viral

Inhibit CYP450 microsomal oxidases

Buspirone

Inhibit serotonin metabolism & Activate serotonin receptors

L-tryptophan

Anxiolytic
Dietary
supplement

St John's Wort

Herbal

Inhibit serotonin uptake & Inhibit serotonin metabolism

Furazolidone

MAOI

Inhibit serotonin metabolism

Isocarboxazid

MAOI

Inhibit serotonin metabolism

Linezolid

MAOI

Inhibit serotonin metabolism

Methylene Blue

MAOI

Inhibit serotonin metabolism

Phenelzine

MAOI

Inhibit serotonin metabolism

Selegiline

MAOI

Inhibit serotonin metabolism

Syrian rue

MAOI

Inhibit serotonin metabolism

Tedezolid

MAOI

Inhibit serotonin metabolism

Tranylcypromine

MAOI

Inhibit serotonin metabolism

Lithium

Mood stabilizer

Activate serotonin receptors

Fentanyl

Opiates

Activate serotonin receptors

Levomethorphan

Opiates

Inhibit serotonin uptake

Levorphanol

Opiates

Inhibit serotonin uptake

Meperidine

Opiates

Methadone

Opiates

Oxycodone

Opiates

Inhibit serotonin uptake & Increase serotonin release &
Activate serotonin receptors
Inhibit serotonin uptake & Inhibit CYP450 microsomal
oxidases
Increase serotonin release & Inhibit CYP450 microsomal
oxidases

Pentazocine

Opiates

Inhibit serotonin uptake

Pethidine

Opiates

Inhibit serotonin uptake

Tapentadol

Opiates

Inhibit serotonin uptake

Increase serotonin synthesis
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Dextromethorphan

OTC Cold
remedy

Inhibit serotonin uptake & Increase serotonin release &
Inhibit CYP450 microsomal oxidases

Metoclopramide

Prokinetic agents

Activate serotonin receptors

Ciprofloxacin

Quinolone

Inhibit CYP450 microsomal oxidases

Desvenlafaxine

SNRIs

Inhibit serotonin uptake

Duloxetine

SNRIs

Venlafaxine

SNRIs

Citalopram

SSRIs

Inhibit serotonin uptake
Inhibit serotonin uptake & Inhibit CYP450 microsomal
oxidases
Inhibit serotonin uptake & Inhibit CYP450 microsomal
oxidases

Escitalopram

SSRIs

Fluoxetine

SSRIs

Inhibit serotonin uptake
Inhibit serotonin uptake & Inhibit CYP450 microsomal
oxidases

Fluvoxamine

SSRIs

Inhibit serotonin uptake

Paroxetine

SSRIs

Sertraline

SSRIs

Phentermine

Stimulants

Inhibit serotonin uptake
Inhibit serotonin uptake & Inhibit CYP450 microsomal
oxidases
Inhibit serotonin uptake & Increase serotonin synthesis &
Increase serotonin release & Inhibit CYP450 microsomal
oxidases

Amitriptyline

TCAs

Inhibit serotonin uptake

Amoxapine

TCAs

Inhibit serotonin uptake

Clomipramine

TCAs

Inhibit serotonin uptake

Desipramine

TCAs

Inhibit serotonin uptake

Doxepin

TCAs

Inhibit serotonin uptake

Imipramine

TCAs

Inhibit serotonin uptake

Maprotiline

TCAs

Inhibit serotonin uptake

Nortriptyline

TCAs

Inhibit serotonin uptake

Protriptyline

TCAs

Inhibit serotonin uptake

Trimipramine

TCAs

Inhibit serotonin uptake

Almotriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

Eletriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

Frovatriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

Naratriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

Rizatriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

Sumatriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

Zolmitriptan

Triptan

Inhibit serotonin metabolism & Activate serotonin receptors

*This table was recreated and adapted based on information provided in the article by
Volpi-Abadie et al (24)
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Appendix Table 7: List of Moderate and Strong CYP2D6 Inhibitors
Strong 2D6 Inhibitors

Moderate 2D6 Inhibitors

Bupropion

Abiraterone

Cinacalcet

Asunaprevir

Cisapride

Celecoxib

Dacomitinib

Chloroquine

Fluoxetine

Chlorpromazine

Glycerol phenylbutyrate

Cholecalciferol

Halofantrine

Cimetidine

Imatinib

Clobazam

Methotrimeprazine

Clotrimazole

Midostaurin

Clozapine

Orphenadrine

Curcumin

Paroxetine

Cyclosporine

Perphenazine

Darifenacin

Propafenone

Delavirdine

Quinidine

Desipramine

Thioridazine

Dosulepin
Dronedarone
Duloxetine
Fluvoxamine
Fusidic acid
Imipramine
Ketoconazole
Lercanidipine
Lorcaserin
Lumefantrine
Manidipine
Metoprolol
Mirabegron
Nicardipine
Nilotinib
Perhexiline
Phenylbutyric acid
Pitolisant
Primaquine
Quinine
Panobinostat
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Ritanserin
Ritonavir
Rolapitant
Rucaparib
Sulconazole
Sulfaphenazole
Tegaserod
Terbinafine
Terfenadine
Tipranavir
Tranylcypromine
Venlafaxine
Vilazodone

*Tables recreated from information from DrugBank (25)
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Appendix Table 8: List of Moderate and Strong CYP3A4 Inhibitors
Strong 3A4 Inhibitors

Moderate 3A4 Inhibitors

Atazanavir

Abiraterone

Boceprevir

Aprepitant

Clarithromycin

Barnidipine

Cobicistat

Benidipine

Conivaptan

Ciprofloxacin

Curcumin

Clindamycin

Danazol

Clozapine

Danoprevir

Crizotinib

Darunavir

Cyclosporine

Delavirdine

Desvenlafaxine

Diltiazem

Dronedarone

Ditiocarb

Erythromycin

Econazole

Fluconazole

Efavirenz

Fluvoxamine

Elvitegravir

Fosamprenavir

Ergotamine

Fosnetupitant

Idelalisib

Fusidic acid

Indinavir

Haloperidol

Itraconazole

Indalpine

Ketoconazole
Loperamide

Isavuconazole
Isavuconazonium

Lopinavir

Isoniazid

Methimazole

Isradipine

Midostaurin

Linagliptin

Nefazodone

Lovastatin

Nelfinavir

Luliconazole

Nilotinib

Miconazole

Posaconazole

Milnacipran

Ribociclib

Netupitant

Ritonavir

Nicardipine

Saquinavir

Nilvadipine

Stiripentol

Primaquine

Telaprevir

Seproxetine

Telithromycin

Simeprevir

Terfenadine

Tioconazole

Tipranavir

Venetoclax
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Troleandomycin

Verapamil
Voriconazole
Zimelidine
Ziprasidone

*Tables recreated from information from DrugBank (25)
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Appendix Table 9: List of Moderate and Strong CYP3A4 Inducers
Strong 3A4 Inducers

Moderate 3A4 Inducers

Apalutamide

Avasimibe

Carbamazepine

Bexarotene

Dexamethasone

Bosentan

Enzalutamide

Dabrafenib

Fosphenytoin

Echinacea

Lumacaftor

Efavirenz

Midostaurin

Etravirine

Mitotane

Modafinil

Pentobarbital

Nafcillin

Phenobarbital
Phenytoin
Primidone
Rifampicin
Rifampin
Rifamycin
Rifaximin
Rimexolone
St John's Wort

*Tables recreated from information from DrugBank (25)
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Appendix Table 10: List of International Classification of Diseases, 10th Revision,
Clinical Modification Diagnosis Codes of Epilepsy
ICD-10 Code
G40
G41
R56
F803

Diagnosis
Epilepsy
Status epilepticus
Convulsions not elsewhere specified
Landau-Kleffner syndrome
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Appendix Table 11: Elixhauser Comorbidity Index and Associated Diagnosis Codes
Comorbidity

ICD-10_CM Diagnosis Codes

Congestive heart failure

I099, I110, I130, I132, I255, I420, I425-I429, I43, I50, P290

Cardiac arrhythmia

I441, I442, I443, I456, I459, I47, I48, I49, R000, R001, R008,
T821, Z450, Z950

Valvular disease

A520, I05, I06, I07, I08, I091, I098, I34, I35, I36, I37, I38, I39,
Q230-Q233, Z952, Z954

Pulmonary circulation disorders

I26, I27, I280, I288, I289

Peripheral vascular disorders

I70, I71, I731, I738, I739, I771, I790, I792, K551, K558, K559,
Z958, Z959

Hypertension

I10, I11, I12, I13, I15

Paralysis

Other neurological disorders

G041, G801, G80.2, G81, G82, G830-G834, G839
G10, G11, G12, G13, G20, G21, G22, G254, G255, G312,
G318, G319, G32, G35, G36, G37, G40, G41, G931, G934,
R470, R56

Chronic pulmonary disease

I278, I27.9, J40, J41, J42, J43, J44, J45, J46, J47, J60, J61, J62,
J63, J64, J65, J66, J67, J684, J701, J703

Diabetes

E10, E11, E12, E13, E14

Hypothyroidism

E00, E01, E02, E03, E890

Renal failure

N18, N19, N250, Z490, Z491, Z492, Z940, Z992

Liver disease

B18, I85, I864, I982, K70, K711, K713, K714, K715, K717,
K72, K73, K74, K760, K762-K769, Z944

Peptic ulcer disease excluding
bleeding

K257, K259, K267, K269 K277, K279, K287, K289

HIV/AIDS

B20, B21, B22, B24

Rheumatoid arthritis or other
collagen vascular diseases

L940, L941, L943, M05, M06, M08, M120, M123, M30,
M310-M313, M32, M33, M34, M35, M45, M461, M468, M469

Coagulopathy

D65, D66, D67, D68, D691, D693-D696

Obesity

E66

Weight loss

E40, E41, E42, E43, E44, E45, E46, R634, R64

Electrolyte and fluid disorders

E222, 86, E87

Blood loss anemia

D500

Deficiency anemia

D508, D509, D51, D52, D53

Alcohol abuse

E52, F10, G621, I426, K292, K700, K703, K709, T51, Z502,
Z714, Z721

Drug Abuse

F11, F12, F13, F14, F15, F16, F18, F19, Z715, Z722

Psychoses

F20, F22, F23, F24, F25, F28, F29, F302, F312, F315

Depression

F313, F314, F315, F32, F33, F341, F412, F432

Note: ICD-10-CM: International Classification of Diseases, 10th Revision, Clinical
Modification; HIV/AIDS: Human Immunodeficiency Virus/Acquired Immunodeficiency
Syndrome
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*Cancer morbidity were not included in this study’s Elixhauser comorbidity index as
these patients were already excluded from the analysis
**We merged the morbidity measures of hypertension uncomplicated and hypertension
complicated as well as diabetes uncomplicated and diabetes complicated so that we did
not double count patients who experienced disease progression
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Appendix Table 12: Rates of Tramadol Utilization in High Risk Categories Stratified by
Patient Age
Age

0-17*
Rate 99%
(%) CI

18-34
Rate 99%
(%) CI

35-49
Rate 99%
(%) CI

50-64
Rate 99%
(%) CI

65-74
Rate 99%
(%) CI

75+
Rate 99%
(%) CI

CYP 2D6
Inhibitors

1.1

0.81.5

3.3

3.13.4

8.7

8.68.9

16.3

16.116.4

21.3

21.121.4

21.5

21.321.7

CYP 3A4
Inhibitors

0.8

0.51.1

1.6

1.51.7

3.5

3.43.6

6.3

6.26.4

8.9

8.79.0

10.4

10.210.5

CYP 3A4
Inducers

0.1

<0.10.3

0.2

0.20.3

0.6

0.50.6

1.1

1.01.1

1.3

1.31.4

1.4

1.41.5

Any CYP
Isoenzyme
Serotonergic
Medications
Benzo^
NonTramadol
Opioids

Non-Benzo^
Sedative
Hypnotics
Patients
with
Epilepsy
Composite*

3.8

1.52.3
3.24.4

6.8

4.44.7
6.67.0

0.5

0.30.7

2.6

1.0

0.71.3

0.1

<0.10.2

1.9

0.8
5.7

0.51.1
5.06.4

14.1

10.811.1
13.914.3

2.52.7

6.2

2.2

2.12.3

0.1

0.10.1

4.6

1.0
10.3

0.91.1
10.110.5

21.1

19.620.0
20.921.3

6.06.3

9.0

5.1

5.05.2

2.5

2.42.5

11.0

1.4
20.6

1.31.4
20.420.9

23.9

25.926.4
23.724.1

8.89.1

9.5

7.8

7.77.9

3.7

3.73.8

19.8

1.8
31.7

1.71.8
31.531.9

Note: CI: Confidence Interval, Benzo: Benzodiazepine
*Does not include the measure of patients under the age of 18
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22.5

27.327.7
22.322.7

9.39.6

9.2

9.19.4

7.3

7.17.4

5.3

5.15.4

2.1

2.12.2

1.2

1.11.2

26.2

1.7
38.5

1.61.7
38.238.7

27.5

1.8
39.7

1.71.8
39.540.0

Appendix Table 13: Rates of Tramadol Utilization in High Risk Categories Stratified by
Patient Sex
Sex
Rate (%)

Male
99% CI

Rate (%)

Female
99% CI

CYP 2D6 Inhibitors

12.7

12.6-12.8

17.6

17.5-17.7

CYP 3A4 Inhibitors

5.4

5.3-5.5

3.7

3.7-3.8

CYP 3A4 Inducers

1.0

0.9-1.0

1.1

1.0-1.1

Any CYP Isoenzyme
Serotonergic
Medications

16.2

16.0-16.3

21.7

21.6-21.8

14.0

13.9-14.1

22.3

22.2-22.4

Benzodiazepines
Non-Tramadol Opioids

5.6
5.9

5.6-5.7
5.8-6.0

9.3
6.1

9.2-9.4
6.1-6.2

Non-Benzodiazepine
Sedative Hypnotics

2.0

1.9-2.0

2.4

2.4-2.5

1.5

1.4-1.5

1.7

1.6-1.7

0.6
26.7

0.6-0.7
26.5-26.9

0.5
33.8

0.5-0.5
33.6-33.9

Patients with Epilepsy
Patients Under the Age
of 18
Composite

Note: CI: Confidence Interval
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Appendix Table 14: Rates of Tramadol Utilization in High Risk Categories Stratified by
Patient Region of Residence
Sex

CYP 2D6
Inhibitors
CYP 3A4
Inhibitors
CYP 3A4 Inducers
Any CYP
Isoenzyme
Serotonergic
Medications
Benzodiazepines
Non-Tramadol
Opioids
NonBenzodiazepine
Sedative
Hypnotics
Patients with
Epilepsy
Patients Under the
Age of 18
Composite

Northeast
Rate
99%
(%)
CI
17.517.9
18.2
6.56.7
7.0
1.01.1
1.2
21.121.5
21.9
19.319.6
20.0
7.88.1
8.3
3.94.1
4.3

2.2
1.8
0.2
32.5

2.12.4
1.61.9
0.20.2
32.032.9

South
Rate
(%)
15.4

99% CI
15.315.5

6.8
1.1

Midwest
Rate
(%)

99% CI

West
Rate
(%)

99% CI

16.4

16.2-16.6

15.7

15.5-15.9

6.8-6.9

6.3

6.1-6.4

7.0

6.8-7.1

0.9

0.9-1.0

1.0

0.9-1.0

19.9

19.7-20.1

19.9

19.6-20.1

18.8

1.0-1.1
19.219.5
18.718.9

19.6

19.4-19.8

20.3

20.1-20.5

8.3

8.2-8.4

7.4

7.3-7.5

7.3

7.1-7.4

6.1

6.0-6.1

5.9

5.8-6.0

6.9

6.7-7.0

2.4

2.3-2.4

2.0

1.9-2.1

2.3

2.2-2.4

1.7

1.6-1.7

1.4

1.4-1.5

1.5

1.4-1.5

0.6

0.5-0.6
30.630.8

0.7

0.7-0.8

0.4

0.4-0.4

31.3

31.1-31.6

32.2

32.0-32.5

19.3

30.7

Note: CI: Confidence Interval
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Appendix Table 15: Rates of Tramadol Utilization in High Risk Categories Stratified by
Patient Payment Type
Payment
CYP 2D6
Inhibitors
CYP 3A4
Inhibitors
CYP 3A4 Inducers
Any CYP
Isoenzyme
Serotonergic
Medications
Non-Tramadol
Opioids
Benzodiazepines
NonBenzodiazepine
Sedative Hypnotics
Patients with
Epilepsy
Patients Under the
Age of 18
Composite

Commercial
Rate (%) 99% CI

Medicare <65
Rate (%) 99% CI

Medicare ≥65
Rate (%)
99% CI

9.0

8.9-9.1

25.8

25.4-26.1

21.8

21.7-21.9

3.5

3.4-3.5

10.8

10.6-11.0

9.8

9.7-9.9

0.5

0.5-0.6

2.1

2.0-2.2

1.4

1.3-1.4

11.3

11.2-11.4

31.0

30.6-31.3

27.3

27.2-27.5

12.7

12.5-12.8

34.6

34.3-35.0

23.8

23.6-23.9

4.3
5.2

4.3-4.4
5.1-5.3

13.7
15.6

13.4-14.0
15.3-15.9

6.4
9.6

6.3-6.5
9.5-9.7

2.4

2.4-2.5

4.7

4.5-4.9

1.5

1.5-1.6

0.7

0.7-0.8

5.3

5.1-5.5

1.8

1.7-1.8

1.1
20.9

1.1-1.1
20.8-21.1

0
48.3

47.9-48.6

0
39.8

39.6-40.0

Note: CI: Confidence Interval
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Appendix Table 16: Rates of Tramadol Utilization in High Risk Categories Stratified by
Elixhauser Comorbidity Index
Comorbidity

0
Rate
(%)

CYP 2D6
Inhibitors
CYP 3A4
Inhibitors
CYP 3A4
Inducers
Any CYP
Isoenzyme
Serotonergic
Medications
Benzodiazepines
Non-Tramadol
Opioids
NonBenzodiazepine
Sedative
Hypnotics

2.1

99%
CI
3.33.5
1.61.7
0.20.3
4.75.0
6.26.5
2.72.9
2.12.2

1.2

1.11.2

3.4
1.7
0.2
4.8
6.3
2.8

Epilepsy
Patients Under
the Age of 18

0
2.0

Composite

12.5

1-2
99%
CI
10.110.2 10.4
3.94.0
4.1
0.50.6
0.6
12.913.1 13.2
13.713.9 14.0
5.96.0
6.1
4.34.4
4.5

Rate
(%)

2.2
0.5

1.92.1
12.412.7

0.6
23.7

2.12.3
0.40.5
0.60.7
23.523.9

3-4
99%
CI
17.717.9 18.1
7.47.5
7.6
1.01.0
1.1
22.322.5 22.7
21.221.4 21.6
8.68.7
8.8
6.46.5
6.7

Rate
(%)

2.6
1.1
0.1
34.6

Note: CI: Confidence Interval
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2.52.7
1.11.2
0.10.2
34.434.9

5-6
99%
CI
23.123.4
23.6
9.810.0
10.1
1.41.5
1.6
28.428.7
29.0
26.326.5
26.8
10.410.6
10.8
8.08.2
8.3

Rate
(%)

2.7
2.2
0.1
41.6

2.62.8
2.12.2
<0.10.1
41.341.9

7+
Rate
(%)
27.8
12.6
2.2
33.8
31.8
12.9
10.2

2.6
5.3
<0.1
48.2

99%
CI
27.628.1
12.412.8
2.12.3
33.534.1
31.532.1
12.713.0
10.010.4

2.62.7
5.25.4
<0.10.1
47.948.5

Appendix Table 17: Rates of Tramadol Utilization in High Risk Categories Stratified by
Prescriber Specialty
Payment

Primary Care Physician
Rate (%) 99% CI

All Other Specialists
Rate (%)
99% CI

CYP 2D6 Inhibitors

21.1

21.0-21.3

11.7

11.6-11.8

CYP 3A4 Inhibitors

9.4

9.3-9.5

4.7

4.6-4.8

CYP 3A4 Inducers

1.4

1.3-1.4

0.8

0.7-0.8

Any CYP Isoenzyme
Serotonergic
Medications

26.5

26.4-26.7

14.5

14.4-14.6

25.2

25.0-25.3

14.7

14.6-14.8

Non-Tramadol Opioids
Benzodiazepines

6.8
11.2

6.7-6.9
11.1-11.3

5.5
5.5

5.4-5.5
45.4-5.5

Non-Benzodiazepine
Sedative Hypnotics

3.0

2.9-3.0

1.8

1.7-1.8

1.7

1.6-1.7

1.5

1.5-1.6

0.2
40.3

0.1-0.2
40.2-40.5

0.8
24.2

0.8-0.9
24.1-24.4

Patients with Epilepsy
Patients Under the Age
of 18
Composite

Note: CI: confidence interval
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Appendix Table 18: Top 5 CYP Isoenzyme and Serotonergic Medications Interacting
with Tramadol
CYP 2D6
Inhibitor
CYP 3A4
Inhibitor
CYP 3A4
Inducer
Any CYP
Isoenzyme
Serotonergic
Medications

1

2

3

4

5

Metoprolol

Duloxetine

Bupropion

Venlafaxine

Fluoxetine

Diltiazem

Lovastatin

Verapamil

Ciprofloxacin

Linagliptin

Primidone

Carbamazepine

Phenytoin

Modafinil

Phenobarbital

Metoprolol

Duloxetine

Bupropion

Venlafaxine

Fluoxetine

Trazodone

Oxycodone

Duloxetine

Citalopram

Escitalopram
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