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Abstract

Background

Over the past 20 years, North America has witnessed an opioid epidemic with a major increase
in the use of prescription opioids. In Ontario, this epidemic has been characterized by an
alarming 250% increase in overdose deaths over the past two decades. In addition to prescription
opioids being an important driver of the opioid epidemic, illicit and diverted use have also been
shown to be an important contributor to the observed trends of opioid-related deaths. This
dramatic rise has also been mirrored by increased rates of opioid-related dependence and
addiction. Although opioids are commonly used in management of chronic pain, studies have not
demonstrated opioids’ therapeutic advantage in comparison to other pharmacological pain
treatments. Moreover, chronic opioid use has been associated with numerous adverse health
events including serious infections, respiratory arrest, opioid use disorder, and overdose deaths.
Patients who are hospitalized represent a population at high risk of chronic opioid use as
hospitalization itself may inadvertently be a risk factor for initiating opioid use. Inadequate
communication of changes in medications at the time of discharge is a well-established problem.
Although medication reconciliation and communication at discharge is a hospital accreditation
requirement, adoption rates are notoriously low. As a result, community physicians may continue
opioids started in the hospital as they do not readily have access to information about the

treatment indication nor the expected duration of therapy.

In randomized trials, opioids have been shown to be associated with increased risk of adverse
events but no trial followed patients for longer than 6 months and thus, the body of evidence for
assessing the risk profile of different treatment durations with opioids is insufficient. In addition,
in observational studies, opioid use has been shown to be associated with an increased risk of
opioid-related mortality and morbidity, but the majority of the studies focused on outcomes such
as opioid overdose and death. The prevention of other opioid-related adverse events is of equal
importance. Furthermore, studies that examined associations between opioid use and other
adverse effects have several methodological limitations, including: poor confounding control and
failure to adequately model opioid exposure by taking into account the dynamic treatment
regimen or complexity of cases with overlapping prescriptions. To date, no study has used

flexible modeling techniques to explore the empirical associations of time-varying opioid use



with potential risk of harm to assess how the risk depends on the pattern and duration of previous
use and, thus, try to inform a clinically relevant definition of chronic, potentially harmful opioid

use.

Objectives

The goal of my doctoral dissertation was to identify potential modifiable determinants of long-
term opioid use among hospitalized patients in the period following hospital discharge and assess
the risk of post-discharge adverse events associated with various opioid consumption profiles. To

achieve this goal, my program of research addressed four specific objectives:

Objective 1: To estimate the incidence and predictors of a) the receipt of an opioid prescription
and b) having opioid-related medication errors such as omissions, duplications or dose-changes
at transitions from the hospital to the community, and its associated risk of emergency

department (ED) visits, re-admissions or death in the 30- and 90-days post-discharge.

Objective 2: To estimate a) the proportion of hospitalized patients on long-term opioid therapy,
and b) identify modifiable patient-, prescriber- and system-level risk factors for long-term

prescription opioid use compared to episodic use in the one year after hospital discharge.

Objective 3: To assess the impact of treatment duration and dose of opioid use on the risk of ED
visits and hospital re-admissions in the one year following hospital admission, and to determine

if the risk was modified by treatment indication, age or concurrent benzodiazepines use.

Objective 4: To determine if the risk of adverse events varied as a function of current and past
opioid use, and if the results and conclusions varied depending on the methodological approach

used to model time-varying opioid exposures.

Data sources

Multiple sources of data were assembled and linked to address the four objectives of my research
program. A cohort of medical and surgical hospitalized patients who were enrolled as part of a
cluster randomized controlled trial on medication reconciliation was used to address the study

objectives. For three of the studies, patients needed to fill at least one opioid prescription during



the 90 days following their hospital discharge. For each patient, demographic, clinical, health
care service use and prescription claims have been retrieved from the admission note as well as
provincial health care administrative databases (RAMQ medical services and RAMQ
prescription claims data) in the year prior to and after the hospitalization, for which the patient
was enrolled. Data on hospital discharge experiences were obtained via telephone interview 30-
days post-discharge with trained interviewers. This is one of the only data sources in the world
that links information on medication use prior to admission, during the hospital stay, medications

prescribed at discharge, and medications dispensed in the community post-discharge.

Methods and results

Manuscript 1: In this paper, | estimated the incidence of and characteristics associated with the
receipt of an opioid prescription and opioid-related medication errors (ME) at hospital discharge.
In addition, I also determined the rates of adverse drug events and risk of ED visits, readmissions
or death in the immediate post-discharge period. Overall, | found that rates of MEs were higher
in handwritten prescriptions compared to the computer-based reconciliation discharge
prescriptions (20.6% vs 1.2%). Computer-based prescriptions were associated with a 69% lower
risk of opioid-related MEs (adjusted odds ratio [aOR]: 0.31, 95% CI: 0.14 — 0.65)) and 63%
lower risk of receiving an opioid prescription. In addition, opioid-related MEs were associated
with a two-fold increase in the risk of healthcare utilization in the 30-days post-discharge period
(aOR: 2.32, 95% Cl:1.24 — 4.32)).

Manuscript 2: In this paper, | examined patient-, medication- and system-level characteristics
associated with the development of long-term opioid therapy (LTOT). LTOT was defined as time-
varying cumulative opioid duration of > 60 days. A multivariable Cox Proportional Hazards (PH)
model was used to determine which factors were associated with the occurrence of LTOT. | found
that overall, 22.4% of the 1511 study patients who filled an opioid prescription in the 90 days’
post-discharge were classified as LTOT. Having no drug copay status (adjusted hazard ratio (aHR)
1.91, 95% CI: 1.40 — 2.60), being a previous LTOT user (aHR 6.05, 95% CI: 4.22 — 8.68) or having
history of benzodiazepine use (aHR 1.43, 95% CI: 1.12 — 1.83) in the year prior to admission were
all associated with an increased likelihood of LTOT. Cardiothoracic surgical patients had a 40%
lower risk of LTOT (aHR 0.55, 95% CI: 0.31 — 0.96) as compared to medical patients. In addition,

initial opioid dispensation of > 90 MME (morphine milligram equivalent) was also associated with



higher likelihood of LTOT (hare 2.08, 95% CI: 1.17 — 3.69).

Manuscript 3: In this paper, | conducted an observational cohort study to assess the risk of
opioid-related re-admissions or ED visits associated with various patterns of opioid type,
duration and dose. | also determined whether the risk was modified by treatment indication, age
or benzodiazepines use. | constructed several time-varying measures of opioid use including
current use, daily dose, cumulative and continuous duration of use, and type of opioid. | found
that among those with at least one opioid dispensation within 90-day post’ discharge, 16% (n =
241) experienced an opioid-related ED visit, re-admission or death. Results from marginal
structural Cox PH models showed more than a two-fold increase in the risk of opioid-related
adverse events associated with a cumulative opioid duration of > 90 days (adjusted hazard ratio
(hare) of 2.56 (95% CI:1.25 — 5.27), compared to 1-30 days. There was a three-fold increase in
risk with a mean daily dose of > 90 morphine milligram equivalent (MME), aHR of 3.24 (95%
Cl: 1.43-7.35) compared to users of <50 MME.

Manuscript 4: In this paper, | investigated how novel modelling techniques and the use of
different methodological approaches to measure time-varying opioid exposures could improve
our understanding of the how opioid-related adverse events may vary depending on the current
and past opioid use. | used marginal structural Cox PH models and their flexible extensions, and
a weighted cumulative exposure model to address the objectives for this study. | found that for
each exposure metric, the flexible modelling improved the models’ fit to data. Overall, the
results indicate that both non-linear effects of continuous exposure metrics and weighted
cumulative effects of past use or doses should be considered when assessing how the risks vary
depending on the opioid exposure pattern. The estimated non-linear effect of cumulative opioid
duration shows that the risk of opioid-related adverse events increases gradually with total past
exposure duration increasing to about 50-60 days of cumulative use. The results from the
weighted cumulative exposure models suggested that the risk is mostly affected by use in the
past 30 to 40 day.



Conclusions

This thesis found that hospitalized medical patients, previous LTOT, having previously used
benzodiazepines and having an initial post-discharge opioid dispensation of >90 MME were
associated with an increased risk of receiving an opioid prescription at discharge and becoming a
long-term opioid user in the one year post-discharge. These results could be used to help stratify
patients who are at high-risk of continuing opioids beyond clinical practice guideline
recommendations and inform policies and intervention programs to curb excessive opioid
prescribing. The thesis also provided evidence of increased risk of opioid-related adverse events
with prolonged opioid duration and high doses. The results of the final study also provided an
insight into the mechanism underlying potential adverse events of opioid exposure by assessing
the impact of recency of exposure on the risk of acute healthcare events. The results from my
doctoral work generated important scientific knowledge for the development of effective
prevention strategies to minimize long-term opioid dependency and reduce the risk of opioid-

related morbidity among the vulnerable population of hospitalized medical and surgical patients.



Résumé

Contexte

Au cours des 20 dernieres années, I'Amérique du Nord a été témoin d'une épidémie d'opioides
avec une augmentation importante de l'utilisation d'opioides sur ordonnance. En Ontario, cette
épidémie a entrainé une augmentation alarmante de 250% des déces par surdose au cours des
deux derniéres décennies. En plus du fait que les opioides sur ordonnance sont un moteur
important de I'épidémie d'opioides, il a également été démontré que l'usage illicite et le
détournement des opioide prescrits contribue grandement aux tendances observées des déces liés
aux opioides. Cette augmentation dramatique s'est également reflétée par une augmentation des
taux de dépendance et de toxicomanie liées aux opioides. Bien que les opioides soient
couramment utilisés dans la prise en charge de la douleur chronique, les études n’ont pas
démontré I’avantage thérapeutique des opioides par rapport a d’autres traitements
pharmacologiques de la douleur. De plus, la consommation chronique d'opioides a été associée a
de nombreux événements indésirables pour la santé, notamment des infections graves, un arrét
respiratoire, une dépendance et des décés par surdose. Les patients hospitalisés représentent une
population a haut risque d'utilisation chronique d'opioides, car I'hospitalisation elle-méme peut,
par inadvertance, étre un facteur de risque d'initier l'utilisation d'opioides. La communication
inadéquate des changements de médicaments au moment de la sortie de ’hdpital est un probléme
bien établi. Bien que le bilan comparatif des médicaments et la communication a la sortie soient
une exigence d'accréditation des hdpitaux, les taux d'adoption sont bas. Par conséquent, les
médecins communautaires peuvent continuer a utiliser les opioides commencés a I'hépital car ils
n'ont pas facilement accés aux informations sur l'indication du traitement ni sur la durée prévue

du traitement.

Dans les essais randomisés, il a été démontré que les opioides étaient associés a un risque accru
d'événements indésirables, mais aucun essai n'a suivi les patients pendant plus de 6 mois et, par
conséquent, I'ensemble des preuves permettant d'évaluer le profil de risque des différentes durées
de traitement par opioides est insuffisant. De plus, dans les études observationnelles, il a été
démontré que l'utilisation d'opioides était associée a un risque accru de mortalité et de morbidité
liées aux opioides, mais la majorité des études se sont concentrées sur des résultats tels que la

surdose d'opioides et la mort. La prévention d'autres événements indésirables liés aux opioides



est d'une importance égale. De plus, les études qui ont examiné les associations entre l'utilisation
d'opioides et d'autres effets indésirables présentent plusieurs limites méthodologiques,
notamment: un mauvais contréle des facteurs de confusion, I'incapacité a modéliser
adéquatement I'exposition aux opioides en tenant compte du schema thérapeutique dynamique ou
de la complexité des cas avec des prise en compte des risques concurrents. A ce jour, aucune
étude n'a utilisé des techniques de modélisation flexibles pour explorer les associations
empiriques de l'utilisation d'opioides variant dans le temps avec le risque potentiel des effets
indésirables, afin d'évaluer en quoi le risque dépend du modele et de la durée de I'utilisation
précédente et, par conséquent, essayer d'informer un contexte cliniquement pertinent a la

définition de l'usage chronique d'opioides.

Objectifs

L'objectif général de mon travail de doctorat était de renforcer la recherche sur I'innocuité des
opioides. Plus précisément, cela a éte fait en identifiant les déterminants modifiables potentiels
de l'utilisation d'opioides a long terme chez les patients hospitalisés au cours de la période
suivant la sortie de I'hdpital et en évaluant I'impact de divers profils de consommation d'opioides
sur le risque des patients d'événements de soins de santé aigus apres la sortie a lI'aide de plusieurs
sources de données. Pour atteindre cet objectif, mon programme de recherche visait quatre

objectifs spécifiques:

Objectif 1: Estimer l'incidence et les prédicteurs de a) la réception d'une ordonnance d'opioides
et b) des erreurs de médication liées aux opioides telles que des omissions, des duplications ou
des changements de dose lors des transitions de I'hdpital a la communauté, et les taux associés de
événements indésirables liés aux médicaments et risque de visites d'urgence, de réadmissions ou

de déces dans les 30 et 90 jours suivant le conge.

Objectif 2: Estimer a) la proportion de patients hospitalisés sous traitement opioide a long terme,
et b) incorporer les informations cliniques et administratives sur les palourdes sur ordonnance
pour identifier les facteurs de risque modifiables au niveau du patient, du prescripteur et du
systéme pour l'utilisation d'opioides sur ordonnance a long terme par rapport a utilisation

épisodique dans lI'année suivant la sortie de I'hdpital.



Objectif 3: Evaluer I'impact de la durée du traitement et de la dose d'utilisation d'opioides sur le
risque de visites aux urgences et de réadmissions a I'ndpital dans I'année suivant I'hospitalisation,
et de déterminer si le risque a été modifié par I'indication du traitement, I'dge ou utilisation de

benzodiazépines.

Objectif 4: Appliguer une modélisation statistique flexible pour déterminer si le risque
d'événements indesirables variait en fonction de I'utilisation actuelle et passée d'opioides. Un
objectif secondaire était de déterminer si les résultats et les conclusions variaient selon I'approche

méthodologique utilisée pour modéliser les expositions aux opioides variant dans le temps.

Source de données

De multiples banque de données ont été rassemblées et liées pour répondre aux quatre objectifs
de mon programme de recherche. Une cohorte de patients hospitalisés en médecine et en
chirurgie qui ont été recrutés dans le cadre d'un essai contrdlé randomisé en grappes sur le
rapprochement des médicaments a éte utilisée pour atteindre les objectifs de I'étude. Pour trois
des études, les patients devaient remplir au moins une prescription d'opioides au cours des 90
jours suivant leur sortie de I'hdpital. Pour chaque patient, les demandes de réglement
démographique, clinique, d'utilisation des services de santé et d'ordonnance ont été extraites de la
note d'admission ainsi que des bases de données administratives provinciales des soins de santé
(RAMQ services médicaux et demandes de reglement RAMQ) au cours de I'année précédant et
suivant I'nospitalisation, pour lequel le patient a été inscrit. Les données sur les expériences de
sortie de I'hopital ont été obtenues par entrevue téléphonique 30 jours apres la sortie de I'hopital
avec des intervieweurs spécialement formés. Il s'agit de I'une des seules sources de données au
monde qui relie les informations sur l'utilisation des médicaments avant I'admission, pendant le
séjour a I'nbpital, les médicaments prescrits a la sortie et les médicaments dispensés dans la

communauté apres la sortie.

Méthodes et résultats
Manuscrit 1: Dans cet article, j'ai estimé l'incidence et les variables associées a la réception

d'une ordonnance d'opioides et aux erreurs de médication (EM) liées aux opioides a la sortie de



I'nbpital. De plus, j'ai également déterminé les taux d'événements indésirables liés aux
médicaments et le risque de visites a I'urgence, de réadmissions ou de décés dans la péeriode
suivant immédiatement le congé. Dans I'ensemble, j'ai constaté que les taux d'EM étaient plus
élevés dans les ordonnances manuscrites sur papier que dans les ordonnances informatisées
(20,6% contre 1,2%). Les ordonnances informatisées étaient associées a un risque 69% plus
faible d'EM liées aux opioides (rapport de cotes ajusté [aOR]: 0,31, IC a 95%: 0,14 - 0,65)) et a
63% moins de risque de recevoir une prescription d'opioides. De plus, les EM liées aux opioides
étaient associées a une multiplication par deux du risque d'utilisation des soins de santé dans les
30 jours suivant la sortie de I'hdpital (aOR: 2,32, IC a 95%: 1,24 - 4,32)).

Manuscrit 2: Dans cet article, j'ai examiné les caractéristiques au niveau des patients, des
médicaments et du systéme associées au développement de I'utilisation a long terme d'opioides
(LTU). Le LTU était defini comme la durée cumulative des opioides variant dans le temps > 60
jours. Un modeéle de risques proportionnels (PH) de Cox a plusieurs variables a été utilisé pour
déterminer les facteurs associés a la survenue du CLD. J’ai constaté que dans I’ensemble, 22,4%
des 1511 patients de 1’étude qui ont rempli une ordonnance d’opioides dans les 90 jours suivant
leur congé ont été classés comme LTU. Une prescription active d'opioides a I'admission (aHR
2,29, 1C 95%: 1,64 - 3,21), l'utilisation d'opioides (aHR 1,78, 1C 95%: 1,23 - 2,58) ou l'utilisation
d'antidépresseurs (aHR 1,62, IC 95%: 1,10 - 2,38) dans le I'année précédant I'admission étaient
associés a une probabilité accrue de CLD. Les patients chirurgicaux avaient un risque de LTU
50% inferieur (aHR 0,50, IC a 95%: 0,29 - 0,88) par rapport aux patients médicaux. De plus, les
CLD ¢étaient plus susceptibles d’avoir une prescription d’opioides apres le congé de> 90 MME et
un approvisionnement> 7 jours (aHR 2,19, IC a 95%: 1,20 - 4,00, aHR 1,34, IC a 95%: 1,05 -
1,71)).

Manuscrit 3: Dans cet article, j'ai mené une étude de cohorte observationnelle pour évaluer le
risque d'événements de santé aigus tels qu'une hospitalisation liée aux opioides ou une visite a
I'urgence associée a divers schémas de type, de durée et de dose d'opioides. J'ai également
déterminé si le risque était modifié par I'indication du traitement. J'ai construit plusieurs mesures
de la consommation d'opioides variant dans le temps, notamment l'utilisation actuelle, la dose

quotidienne, la durée cumulative et continue et le type d'opioide. J’ai constaté que parmi les



personnes bénéficiant d’au moins une dispensation d’opioides dans les 90 jours suivant leur
congé, 16% (n = 241) ont subi une visite aux urgences, une readmission ou un déces lié aux
opiacés. Les résultats des modeéles de Cox PH structurels marginaux ont montré une
augmentation de plus du double du risque d'évenements indesirables liés aux opioides associés a
une durée cumulative d'opioides> 90 jours (rapport de risque ajusté (aHR) de 2,56 (IC a 95%:
1,25 - 5,27), comparativement a 1 a 30 jours. Le risque a été multiplié par trois avec une dose
quotidienne moyenne > 90 équivalents de morphine en milligramme (MME), aHR de 3,24 (IC a
95%: 1,43-7,35) par rapport aux utilisateurs de <50 MME.

Manuscrit 4: Dans cet article, j'ai étudié comment de nouvelles techniques de modélisation et
I'utilisation de différentes approches méthodologiques pour mesurer les expositions aux opioides
variant dans le temps pourraient ameliorer notre compréhension de la fagcon dont les événements
indésirables liés aux opioides peuvent varier en fonction de I'utilisation actuelle et passée
d'opioides. J'ai également tenté de definir un seuil cliniquement pertinent pour I'utilisation
d'opioides a haut risque en utilisant une modélisation non linéaire flexible des fonctions de
réponse a la dose et a la durée des opioides. J'ai utilisé des modéles de PH structurels marginaux
de Cox et leurs extensions flexibles, ainsi qu'un modele d'exposition cumulative pondérée pour
répondre aux objectifs de cette étude. J'ai constaté que pour chaque métrique d'exposition, la
modélisation flexible améliorait I'ajustement des modeéles aux données. Dans I'ensemble, les
résultats indiquent que les effets non linéaires des parameétres d'exposition continue et les effets
cumulatifs pondérés de l'utilisation ou des doses passées doivent étre pris en compte lors de
I'évaluation de la variation des risques en fonction du profil d'exposition aux opioides. L'effet
non linéaire estime de la durée cumulative des opioides montre que le risque d'‘évenements
indésirables liés aux opioides augmente progressivement, la durée totale de I'exposition passée
passant a environ 50 a 60 jours d'utilisation cumulative. Les résultats des modéles d'exposition
cumulée pondérée suggerent que le risque est principalement affecté par I'utilisation au cours des
30 a 40 derniers jours, avec un doublement du risque d'exposition continue au cours du mois

dernier.
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Conclusions

Cette thése a révélé que les patients médicaux hospitalises, ayant déja utilisé des benzodiazépines
et ayant une dispensation initiale d'opioides apres la sortie de > 90 MME étaient associés a un
risque accru de recevoir une prescription d'opioides a la sortie de I’hopital et de devenir un
utilisateur d'opioides a long terme dans I'année suivant la sortie. Ces résultats pourraient étre
utilisés pour aider a identifier les patients a haut risque de continuer a prendre des opioides au-
dela des recommandations des lignes directrices et éclairer les politiques et les programmes
d'intervention pour freiner la prescription excessive d'opioides. La thése a également fourni des
preuves d'un risque accru d'événements indésirables liés aux opioides avec une durée d'utilisation
prolongée des opioides et des doses élevees. Les résultats de I'étude finale ont également fourni
un apercu méthodologique du mécanisme sous-jacent des événements indésirables potentiels de
I'exposition aux opioides en évaluant I'impact de la récence de I'exposition sur le risque
d'événements de santé aigus. Les résultats de mon travail de doctorat ont généré des
connaissances scientifiques importantes pour le développement de stratégies de prévention
efficaces afin de minimiser la dépendance aux opioides a long terme et de réduire le risque de
morbidité liée aux opioides parmi la population vulnérable de patients hospitalisés en médecine

et en chirurgie.
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1. Introduction

1.1. Opioids in pain management

Prescription opioids are an important contributor to the public health crisis of opioid addiction
and mortality in North America. * Over the past 20 years, increases in opioid prescribing rates
and average prescription volumes have been documented in both the United States and Canada.
1-3 Canada is one of the world’s second-largest consumer of opioids when measured using

defined daily doses and the highest when considering morphine equivalents dispensed, with

more than 800 morphine equivalents per capita worldwide in 2015. 4 Although opioid
analgesics remain the treatment of choice for the management of moderate-to-severe cancer pain
6, substantial increases in the prescription of opioids for chronic non-cancer pain have been
documented in North America, with some studies suggesting a nearly 100% increase over the
past decade. These temporal trends in prescription opioid use have been accompanied by marked
increases in opioid-related mortality and morbidity. ® Opioid use is now the leading cause of
accidental death in Canada with drug overdose deaths surpassing motor vehicle collisions. ° In
addition to prescription opioids being an important driver of the opioid epidemic in North
America, illicit and diverted opioid use have also been shown to be an important contributor to
the observed trends of opioid-related deaths. 1% In Canada, the rate of opioid-related deaths
involving non-prescribed fentanyl has increased substantially between 2013 and 2016, not only
among people being prescribed opioids but also among those with no evidence of prescription
opioid use. Chronic pain, the main indication for opioid use, is common, with survey estimates
of 20 and 30% in the general population. 1214 Chronic postsurgical pain is also common, with an
incidence ranging from 15% to 58%, depending on the type of surgical procedure. 1516 However,
despite opioids being increasingly used to treat pain, there is uncertainty about their long-term
benefits. A recent meta-analysis of randomized controlled trials of opioids for chronic non-
cancer pain found that there were similar improvements in pain and physical functioning for
opioids with nonopioid alternatives. 1’ Moreover with longer trials, there was less pain relief with
opioids which was attributed to opioid tolerance or opioid-induced hyperalgesia. 1’ The reduction

in the efficacy of opioids in pain management with long term use may contribute to an escalation
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in the dose and potency of opioids which, in turn, may augment the risk of harm with long term
use. Yet, no trial of opioid efficacy followed patients for longer than 6 months 8, whereas most
observational studies only examine associations with dose and duration of initial opioid
prescriptions. -2 Thus, the body of evidence assessing the risk profile of different treatment

durations and dose with opioids is insufficient.

1.2. Prevalence of high-dose opioid prescribing

Despite the publication of multiple clinical guidelines to optimize the use of opioids and
minimize risk of harm and dependency, studies have shown that only 40 to 60 % of chronic non-
cancer pain management in primary care settings is compliant with guideline recommendations.
12 A time-series analysis in Ontario, Canada, from 2003 to 2014, examined the impact of opioid
prescribing guidelines on prevalence of high-dose opioid prescribing (exceeding 200 mg
morphine equivalent (MME) doses daily) and rates of hospitalizations, but found no change in
prescribing or rates of fatal opioid overdose after implementation of these guidelines. 22
Moreover, between 2006 and 2011, more than 30 million tablets or patches of high-dose opioids
were dispensed in Canada annually, despite recommendation to avoid high-dose opioid therapy
in patients. A population-based study using data from Ontario found that 40% of opioids
prescribed to new opioid users for the treatment of postsurgical pain were generally more than 50
MME, and at least 25% were prescribed 90 MME or more. 2 One third of patients treated for
non-cancer pain received initial opioid prescription durations of >7 days. Findings from the
literature confirm that the majority of opioid initiations are for acute indications (dental,
postsurgical, trauma-indicated). 2324 Thus, prescription opioids do continue to play a role in the
opioid epidemic, despite the fact that more recent climbs in overdose deaths are also attributable
to non-prescription opioids. *° There is significant provincial variation, with the highest rates of
high dose prescribing observed in Ontario and Alberta. 2> What is not known is whether high-
dose opioids are being prescribed for new patients, or higher prescribed doses and longer term
use is occurring for existing patients, or a combination of these factors. 2226 In addition, there has
been a debate and uncertainty surrounding the definition of a “high” opioid dose as well as how
the risk of opioid-related adverse events varies with lower doses and the degree to which the risk

changes based on the clinical indication for opioids. 2’ Understanding the risk associated with
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extended treatment duration, which, in turn, may lead to opioid dose escalations is important

and needs to be elucidated to inform clinical and public health policies.

1.3. Prescription opioids and rates of emergency department visits/hospitalizations

Minimizing unnecessary healthcare has become a focal point of value-based health care systems
to optimize health and reduce healthcare-related costs. 28-3 Emergency department (ED) visits
and hospital admissions for health problems that may have either been avoided entirely or
effectively managed in other outpatient or community settings are increasingly targeted. 23132
As prescription opioid use and overdose has steadily increased over the past two decades, a
dramatic increase in hospitalizations attributed to opioid poisonings has been witnessed. 3 In
Ontario, there were significant increases in both high-dose opioid prescribing and opioid-related
hospital visits between 2003 and 2014. 2> Among the recipients of long- acting opioid, 40%
received doses exceeding 200 mg of MME doses, whereas 20% received > 400 mg MME.
Recent studies have also demonstrated that opioid-related overdose risk is dose-dependent, with
higher opioid dosages associated with increased overdose risk. 2222°A recent report from the
Canadian Institute of Health Information reported that opioid-related toxicity accounts for 13
hospitalizations every day in Canada. 3* Also, the annual rates of hospitalizations vary across
provinces and territories, from a high of 21% in Saskatchewan to a low of about 10% in Quebec.
However, between 2006 and 2016, Quebec has witnessed increases in the prevalence of opioid
use in people aged 55 and older as well as in the use of high potency opioids, such as
hydromorphone, and mean duration of treatment across all age groups. % Thus, opioid use places
a significant burden on the healthcare system and the association between opioid use patterns

and the risk of opioid-related ED visits and re-admissions needs to be elucidated.

1.4. High-dose opioid prescribing and its related morbidity and mortality

A growing body of evidence documents multiple specific adverse effects associated with opioid
therapy. 263" These include dependence and addiction 2278 fractures 363940, and other events
requiring hospitalization 6, overdose 264143 and death 274243, especially among older adults
treated for pain. 37404445 Moreover, mortality risk has also been associated with chronic use of
high doses of opioids. & Daily doses exceeding 100 MME have been associated with a 9-fold
increased risk of overdose and a doubling risk of opioid-related death compared to lower doses.
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26 Moreover, observational studies demonstrated important dose-response effects of opioids on
adverse events such as increased risks of fractures, road trauma, and opioid-related mortality.
39424647 A main concern related to LTOT is that patients become physically dependent on
opioids, experiencing opioid withdrawal symptoms upon treatment cessation, which can lead to
continued opioid therapy as an attempt to resolve withdrawal symptoms. %8 Review of high-
quality evidence from 36 studies including 14,440 patients demonstrated that, when compared to
continued non-opioid pharmacologic therapy, opioid add-on therapy increased the rate of opioid-
related gastrointestinal adverse events in adult patients with chronic non-cancer pain. 1/4°
Therefore, it is important to understand the risk of opioid-related adverse events associated with

different opioid consumption patterns in order to reduce opiod-related morbidity and mortality.

1.5. Defining long-term opioid use

The Centers for Disease Control and Prevention (CDC) guideline defines long-term opioid
therapy (LTOT) as use of opioids on most days for more than 3 months. ° However, studies on
opioids safety have used different definitions and follow-up periods to measure LTOT. 5152 A
recent 2019 systematic review on chronic opioid therapy found that 50% of studies define LTOT
as more than three months of cumulative opioid duration of opioid use, as per the CDC guideline
and less than 5% used an alternative cut-off of 60 days or less. 2 In addition, the authors pointed
out that the widely-used most common LTOT definition has been considered conservative and
the most recent literature (after 2016) is trending toward shorter duration criteria. > The results
from their systematic review identified 41 unique variations of definitions across the 34 studies
they included in the review, which differed by cumulative duration of opioid use for LTOT, the
time points used to define LTOT, and consistency of opioid use. 2 Identifying continual use is
important because it more closely reflects actual opioid therapy characteristics, compared with
fills at various time points during follow-up. While the adoption of consistent definition criteria
across studies has been recommended, the variability in defining LTOT highlights the lack of
empirical evidence on the opioid treatment duration that may represent an increase in harm over
episodic use. Observational studies, quantifying the risk of harm associated with various opioid

treatment durations are needed.
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1.6. Risk factors for long-term opioid use and opioid misuse

Hospitalization: Implementing a treatment strategy for pain control poses many challenges for
hospitalized patients. Inadequate pain control at discharge may lead to an increased reliance on
opioids post-discharge as well as an escalation in dose and potency of opioids prescribed. 54-58
Moreover, inadequate communication of changes in medication at the time of discharge is also a
well-established problem. %° As a result, community physicians may continue opioids started in
the hospital, for acute pain relief, as they have no information about the treatment indication nor
the expected duration of therapy. 6061 For many patients, their first exposure to opioids is
following surgery, and without intention, hospital-based prescribers of opioids may initiate long-
term opioid use after discharge. Estimates for patients with long-term opioid use after surgery
diverge greatly and range from 3% to 36% depending on the type of surgery and different
methodologies of defining long-term opioid use and follow-up periods. 3 A 2017 study found
that, between 2013 and 2014, the incidence of long-term opioid use for more than 90 days was
not significantly different between minor and major surgical procedures. 5263 Another recent
population-based cohort study aimed to characterize potential risk factors for long-term opioid
use following major elective surgery in acute care hospitals in Ontario and found a 3.1% risk of
incident long-term opioid use that was significantly different across surgery types, with thoracic
surgical procedures being associated with the highest risk. 4 However, different definitions of
long-term opioid use make comparisons across estimates difficult. > In addition, the majority of
studies used administrative claims for prescriptions dispensed by community pharmacies and
information about in-hospital medications has not been considered when calculating risks of

long-term opioid use. 64-68

Patient and Prescription Characteristics: Previous studies have identified that the most common

factors associated with an increased risk of LTOT included age, sex 6676971 gpioid dose and
duration at initiation 6267.8% arthritis 626970, race 7., the presence of chronic pain 76%70 and
mental illnesses such as anxiety and depression. %267.71.72 Additionally, nearly 30% of fatal opioid
overdoses in the US also involve benzodiazepines, raising the possibility that some of the
increases in opioid related deaths might be caused by increases in concurrent
benzodiazepine/opioid use over time. 3 Studies examining opioid prescriptions in the US and
Canada similarly found that patients who were prescribed opioids and had a concurrent

prescription for benzodiazepines were at a significant two to three-fold increase in the risk of
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death compared to patients on opioids only. 26:59.74-76 Moreover, a recent report on opioid-related
deaths in Ontario found that in 2020, there was a 10-fold increase in the detection of non-
prescription benzodiazepines, thus acknowledging the impact of unregulated drug supply to the

observed deaths across the province. *

Opioid Prescribing at Hospital Discharge: In addition to patient-related factors which may

increase one’s risk of opioid misuse "8, high-risk medications also heighten the risk of harm. 7 It
has been argued that inadequate pain regimen and overprescribing of opioids after surgery could
lead to increased risk of adverse outcomes and adverse opioid-related behaviors such as
prescription opioid misuse, opioid diversion, and new or unintended prolonged opioid use. 8-8
Previous studies, which have looked at overall predictors of opioid prescription at discharge in
hospitalized patients have found that specific medical interventions such undergoing thoracic
surgery, patients with diagnoses for pain syndromes were all at a higher risk of receiving an
opioid prescription at discharge. 838 Opioid medications represent a high-risk class of drugs ”°,
which have also been shown to be associated with the highest rate of reported medication errors
(MEs). 886 Opioid-related MEs could have a significant impact on patient health and may result
in potentially preventable adverse patient outcomes and contribute to the prescription opioid
misuse crisis. 888 The literature on predictors of overall MEs and discrepancies shows that
higher age, polypharmacy, patient gender and specific medical interventions are associated with
increased likelihood of MEs. 8-°1 Computer-based prescribing platforms have also shown to be
effective in successful prevention of overall MEs. 2% However, the occurrence of and specific
predictors of opioid-related errors during these care transitions is an under-explored area,

which warrants further investigation.

1.7. Research objectives

The goal of my doctoral dissertation was to identify potential modifiable determinants of long-
term opioid use among hospitalized patients in the period following hospital discharge and assess
the risk of post-discharge adverse events associated with various opioid consumption profiles. To

achieve this goal, my program of research addressed four specific objectives:

Objective 1: To estimate the incidence and predictors of a) the receipt of an opioid prescription

and b) having opioid-related medication errors such as omissions, duplications or dose-changes
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at transitions from the hospital to the community, and its associated risk of emergency

department visits (ED), re-admissions or death in the 30- and 90-days post-discharge.

Objective 2: To estimate a) the proportion of hospitalized patients on long-term opioid therapy,
and b) identify modifiable patient-, prescriber- and system-level risk factors for long-term

prescription opioid use compared to episodic use in the one year after hospital discharge.

Objective 3: To assess the impact of treatment duration and dose of opioid use on the risk of ED
visits and hospital re-admissions in the one year following hospital discharge, and to determine if

the risk was modified by treatment indication, age or concurrent benzodiazepines use.

Objective 4: To determine if the risk of adverse events varied as a function of current and past
opioid use, and if the results and conclusions varied depending on the methodological approach

used to model time-varying opioid exposures.

1.8. Organization of the thesis

This thesis is organized around four research manuscripts. Chapter 2 reviews the available
evidence and methodology from previous opioid safety studies that have looked at risk factors of
long-term opioid use and its impact on opioid-related morbidity and mortality. Chapter 3 details
the data sources used and the eligibility criteria for the study cohort used in the four manuscripts.
The following four chapters (Chapters 4 to 7) contain the manuscripts that address the thesis
objectives. Chapter 4 estimated the incidence and factors associated with the receipt of an opioid
prescription and opioid-related medication errors at hospital discharge. In addition, it also
determined the rates of adverse drug events and risk of ED visits, readmissions or death in the
immediate post-discharge period. This manuscript was published in the Value in Health journal
under the title, “Incidence and Variables Associated with Inconsistencies in Opioid Prescribing
at Hospital Discharge and Its Associated Adverse Drug Outcomes”. Chapter 5 examined patient-,
medication- and system-level characteristics associated with the development of long-term
opioid use. This manuscript was submitted to the Journal of the American Medical Association
under the title, “Determinants for Long-Term Opioid Use in Hospitalized Patients”. Chapter 6
reports the findings of an observation cohort study assessing the risk of acute healthcare events

such as hospital admission and emergency department visits associated with various opioid use
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patterns, and the changes in risk by various treatment indications. This manuscript was published
in the Journal of the American Medical Association Network Open under the title, “Association
of Opioid Consumption Profiles After Hospitalization with Risk of Adverse Health Care
Events”. Chapter 7 investigated how novel modelling techniques and the use of different
methodological approaches to measure time-varying opioid exposures could improve our
understanding of the how opioid-related adverse events may vary depending on the current and
past opioid use. Furthermore, | also attempted to define a clinically relevant threshold for high-
risk opioid use by using flexible non-linear modeling of the opioid dose- and duration-response
functions. This manuscript was submitted to the American Journal of Epidemiology under the
title, “Flexible modelling of opioid exposures provides new insights into its association with
adverse outcomes”. Finally, Chapter 9 summarizes the main findings and contributions of the
thesis, highlights some important considerations, and discusses new directions for future research

on opioid use.

2. Background

In this chapter, | summarize the most recently published studies that have examined 1) the
association between opioid prescribing patterns and subsequent harm (Section 2.1) as well as 2)
different patient-, medication- and system-related risk factors associated with the risk of
developing long-term opioid use (Section 2.2). The characteristics of these studies, the modelling
approaches and measurement methods used, and their main findings are presented in the
following text and tables. Finally, I discuss the limitations of these studies and highlight the

current gaps in evidence in opioid safety research.

2.1. Previous studies that have examined the impact of opioid use and the risk of harm and
opioid-related adverse events

| retrieved the most recent (since 2010) and relevant (similar exposure definitions and study
endpoints) observational opioid safety studies, which have looked at various opioid consumption
patterns and its associated harmful effects, such as fatal and non-fatal opioid overdose, fractures
and other side effects such as nausea, dizziness and bowel dysfunction and all-cause mortality
and healthcare utilization as defined by emergency department visits and hospitalizations. A

summary of the information, which included study design, population, data sources, exposure
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(opioid use), opioid safety outcomes studies, measurement and methodological approaches and
potential risk of bias can be found in Table 2-1. A previous review of the opioid safety literature,
which detailed some limitations of the opioid safety studies and provided extensive
recommendations for strengthening the evidence base, has also been used in identifying the
limitations of previous research and guiding my work. °* Based on these recommendations, |

reviewed all the studies included in the CDC guidelines to further assess gaps in knowledge.

2.1.1. Study characteristics

The majority of studies on opioid safety considered opioid-related outcomes such as opioid
abuse %, overdose 2642439 and death. 2>424 Some studied other opioid-related effects such
road trauma #’, fractures 3%97.% as well as healthcare utilization such as emergency department
visits and re-admissions. /99100 Among studies included in the CDC guidelines *°, a similar
trend was observed: most studies assess fatal safety outcomes such as overdoses (n=10) while
only three examined other opioid-related side effects, of which all were randomized clinical

trials.

2.1.2. Study design, population characteristics and data sources used

The majority of studies on opioid safety used observational study designs 3414274959799 'tyq
case-control studies 2547, one cross-sectional 2, and one descriptive study. ¢ Most studies were
conducted in patients with chronic non-cancer pain 3%749; others were conducted among all
opioid users including cancer, acute and chronic pain patients 429:191: 3 few conducted them in
specific medical populations such as hemodialysis patients °” and surgical patients. 9°:100.102 Most
studies included both new and prevalent opioid users 2542:4347.96,97,99,100,102 \jth g few including
only opioid-naive patients. 41749 Data sources included predominantly health insurance claims
data, with only one study including electronic health records (EHRs). 1% Similar findings were
observed by the authors of a review looking at the methodological limitations of prescription
opioids safety research. °* Among the 27 opioid safety studies used in the development of the
CDC guidelines %, the majority (n=12) were observational, followed by randomized trials (n=6),
case-control (n=5), cross-sectional (n=3) and case-cohort studies (n=2). The predominant

population studied were chronic non-cancer pain patients (n=15); however, there were some
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studies which also looked at opioid users with all pain diagnoses (n=10). Again, most of the data

sources used included health insurance claims, with only the RCTs using EMR data.

2.1.3. Main methods and findings

Overall, all studies found that opioid consumption, whether represented as daily use, duration of
therapy, daily dose or duration of action were associated with an increased risk of fatal and non-
fatal opioid-related harms and healthcare utilization. Even low opioid doses were associated with
an increased risk of opioid abuse/dependence. % As compared to low dose, higher doses were
associated with an increased risk of fatal opioid overdose 2>4%74 and non-fatal overdose. 4%
Higher opioid doses were also associated with increased risk of road trauma 4, fractures 3%:97.%8
and hospital re-admissions. %:190.192 patients on long-acting opioids were more likely to
experience an opioid prescription overdose. 4! Most studies have examined average daily dose
39,42,47,714.95.98 gand duration of opioid therapy 3259 as their main opioid exposure. Studies that
included patients who had undergone surgeries examined the association of opioid prescription at
discharge with the risk of healthcare utilization and opioid-related events. They all found that
adverse health outcomes were higher in patients who were given an opioid at discharge and had

higher opioid doses prescribed to them 9100102 except for one study. *°

In the few longitudinal observational studies, the main opioid exposure was mainly time-fixed in
nature, represented by a single binomial/multinomial variable constructed based on opioid supply
and average daily dose. 41:9526.9 Qther studies looked at characteristics of the initial opioid
dispensation or opioid prescription at discharge. °%:100.102 The studies, which modeled their
exposure as time-varying, used daily dose as their main opioid metric 427497; one study modelled
both daily use and dose time-varying. 3 Additionally, most of the studies included in the CDC
review also used time-fixed definitions. °® The most common analytic approaches were logistic
regression 4795102103 and Cox PH models 3%4142.7497-99 with some studies being purely descriptive
in nature, examining rates of healthcare utilization across categories of opioid users. 24396100 A]j
studies adjusted for time-fixed confounders derived from administrative databases such as health
insurance claims. Only one study modelled pain and other medical diagnoses as time-varying. 28
A few studies used an appropriate active comparator. 4274% Qne study that examined the effect

of duration of opioid action on the risk of unintentional prescription opioid overdose compared
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SA to LA. 4t Most studies, that examined the effect of opioid use or duration of use used no
opioid use as their reference category. 399979 When daily dose was used as the main opioid
exposure metric, some authors have chosen the non-use (0 dose) category 3°9597.9 while others

have selected as a comparator the low dose category. 4274

2.1.4. Conclusions from the literature and gaps in evidence

Overall, few of the opioid safety studies have taken a longitudinal approach. As such, we know
that opioid use carries a risk of fatal outcomes such as overdose and all-cause mortality, but how
the risk changes over time is yet to be elucidated. Some studies have looked at the duration of the
initial opioid prescription, but this fails to account for changes in patients’ pain management over
time. As a result, we do not know how much of the risk of opioid-related morbidity and mortality
is attributed to daily use, cumulative or continuous use. Most studies also fail to account for
time-varying opioid exposure and confounding by indication. In randomized trials, opioids have
been shown to be associated with increased risk of adverse events but no trial followed patients
for longer than 6 months and thus, the body of evidence for assessing the risk profile of different
treatment durations with opioids is insufficient. % In addition, in observational studies, opioid
use has been shown to be associated with an increased risk of opioid-related mortality and
morbidity, but the majority of the studies focused on outcomes such as opioid overdose and
death, and examining other opioid-related adverse effects is of equal importance. Studies that
examined other adverse effects of opioid use have several methodological limitations, including:
poor confounding control, failure to adequately model opioid exposure by taking into account the
dynamic treatment regimen or complexity of cases with overlapping prescriptions as well as lack
of accounting for competing risks. The majority of the evidence uses administrative prescription
claims data and lack detailed comorbidity and patient adherence information. Most studies
suffered from improper confounding control by either lacking information on clinical
confounders or lack of proper adjustment by only measuring certain medical diagnoses and
medication use only at baseline. The potential benefits of using multiple data sources that could
improve measurement of important confounders in opioid safety studies has not been evaluated
yet. In my thesis, | used data from a variety of sources, including: dispensing pharmacy records,
in-hospital medical records, detailed information on opioid prescriptions written at hospital

discharge and interviews with patients in the post-discharge period, in order to enhance internal
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validity of the proposed studies by adjusting for a wealth of confounders. Moreover, none of the
studies assessed the impact of a potentially important unmeasured confounder on their findings.
As part of the analyses of the third objective, I conducted sensitivity analyses and quantitative
bias analyses to quantity the risk of bias in the presence of an unmeasured confounder. Most
studies quantifying chronic opioid use used arbitrary cut-offs to operationalize this definition and
might have introduced immortal time bias by relying on patterns of future refills to estimate
medication supply; other studies introduced immortal time bias by relying on two diagnoses to
define their study cohort (including patients newly diagnosed with chronic non-cancer pain),
whose authors chose to begin the study follow-up at the first diagnosis, making the time between
the first and the last diagnosis immortal. % To date, no study has used flexible modeling
techniques to explore the empirical associations of time-varying opioid use with potential risk of
harm to assess how the risk depends on the pattern and duration of previous use and, thus, try to
inform a clinically relevant definition of chronic opioid use. In my third and fourth objective, I
addressed this gap in evidence and investigated how modern time-varying approaches improve
our understanding of the risk of opioid use on opioid-relate harms. Finally, to deepen the
understanding as to the mechanism behind various opioid consumption patterns, my thesis
included a large population of opioid users to see how their use and risk of adverse events
changes over time while comparing risk of opioid-related harm across different subgroups of

populations.

2.2. Previous studies that have examined the risk factors of long-term opioid use

I have summarized the most recent (since 2010) and relevant studies (similar study endpoint)
which have examined predictors of long-term opioid use. A summary of the information
extracted from the studies, which included population, data sources, potential risk factors
studied, outcome definition of long-term opioid use, measurement and methodological
approaches and relevant findings is found in Table 2-2. The findings from a recent 2019
systematic review on long-term opioid therapy definitions and predictors have also been
presented, in brief, in the text below, and have been used as criteria to identify potential risk

factors and construct an appropriate definition for long-term opioid use. %
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2.2.1. Study characteristics

All studies, which examined predictors associated with long-term opioid treatment (LTOT) were
observational in nature and compared differences in characteristics between short-term and long-
term opioid users. Components of the definitions of LTOT included multiple distinct observation
periods, number of prescriptions, days’ supply, gaps and overlaps between prescriptions. There
was a great variation in the approach to define LTOT. Follow-up time differed from three
months to three years, with most common follow-up being 1 year. Duration of opioid use used to
define LTOT ranged from 6 weeks to one year, with most studies using three months. Most
studies used one or two distinct observational periods during the follow-up to measure LTOT.
Similarly, the authors of the recent systematic review found that only 7 out of the 41 studies
included (17%) on LTOT definitions used an approach taking into account multiple consecutive
observational periods to calculate LTOT. 1% However, most definitions, used the number of
prescriptions to define LTOT and only 11 studies (27%) used days’ supply, with the most
common threshold being 90 days. 3

2.2.2. Study populations and data sources used

All studies examined were conducted in the Unites States or Canada, which made comparison
across studies easier as these countries have similar population characteristics. Most used
administrative claims data with only two studies using medical records. 579 However, even
among the studies who had access to clinical information, there were none which used this
information to examine potential clinical predictors such as provider and practice environment
characteristics. All studies used a new user design. 19.62:63:66-6870,72.105 Some studies used the
surgery date as an index date in their definitions of LTOT 626366-68 \hile other started their
follow-up as of patients’ first opioid prescription and followed their transition from short-term to
long-term opioid use. 192%70,72.95105106 The 2019 systematic review by Karmali et al. 53 also found
that most studies, 71%, included the surgery date as their start of follow-up, with 10% of studies
starting follow-up as of the first opioid prescription. As a result, most of the evidence on LTOT
predictors is based on surgical patient populations. The definitions of LTOT also varied by

duration of follow-up with half of the studies following patients for less than a year.
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2.2.3. Main findings

Estimates of LTOT prevalence varied across studies depending on the target study population;
for opioid-naive patients after surgery, the prevalence ranged from 5.3 % to 13%. 667 Among
chronic non-cancer pain (CNCP) opioid-naive patients, the prevalence of LTOT ranged from 1.3
% to 25%. %970 The main predictors examined were patient-related characteristics. There were no
studies that measured predictors related to the practice environment or prescriber characteristics.
With respect to patient characteristics, determinants were characterized as medical and mental
health diagnoses, sociodemographic, pain etiology, and patients’ prior healthcare utilization and
medication use. Almost all studies used logistic regression, with one study using a Cox PH

model as their choice of analyses. 2°

The most common predictors identified were age, sex, race, opioid dose at baseline, presence of
chronic pain, arthritis, tobacco use, substance use disorders and mental health diagnoses. The
factors associated with increased risk for LTOT were younger age 62676%70.72 ‘heing female
62,67,6970.72 'race (as compared to white, black are at an increased risk) 267.70, tobacco use 626972,
alcohol and/or substance abuse disorders 62:66:67.69.72 ‘mental illness such as depression and
anxiety disorder 86:67.69.72 anxiety and pain diagnosis such as arthritis 626%79 osteoporosis 70105
and chronic pain 76970 use of a non-opioid analgesic 67, benzodiazepines use ¢":%° and having
received surgery. 5266 Increased risk of LTOT was also observed with early opioid
prescribing/consumption patterns; characteristics of the first opioid prescription such as opioid
doses of >90MME and longer duration (days’ supply). 2° Lower opioid doses and lower
cumulative durations of use within the initial 30-day opioid exposure window were also strong

determinants of LTOT. 20:21.107

2.2.4. Conclusions from the literature and gaps in evidence

Across all studies, most of the evidence about risk factors associated with long-term opioid use
was derived from health administrative data and the investigators were unable to include
predictors related to the practice environment or prescriber characteristics. Only one study
incorporated clinical information and thus, we have limited knowledge of the extent to which
detailed covariate information from clinical and patient-related data sources could improve our

knowledge about potential determinants of prolonged opioid use. In addition, there was a great
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variation in the definitions of LTOT across all the retrieved studies. The 2019 Karmali et al.
systematic review on LTOT predictors %2 also noted that among the studies they considered,
there were 41 unique definitions of what LTOT. This is not surprising as there is no consensus as
to what interval of prescribing should be considered when defining long-term opioid use.
Moreover, most studies also did not account for consistent use; the majority used a cumulative
duration definition but only three of the studies included in their review accounted for the
possibility of overlapping prescriptions. In order to reflect the changes in opioid therapy over
time, it is important to measure and model opioid use by continually updating patients’ exposure
to opioids as opposed to comparing fills at different time points during the follow-up. In
objective 2 of my thesis work, | used an evidence-derived approach to identity an appropriate
threshold for LTOT and to model opioid use using a time-varying approach, which reflects the
natural progression of and changes in opioid therapy, by considering gaps and overlaps in opioid
supply. The impact on the progression of long-term opioid use associated with the attending
physician characteristics such as years of practice as well as the training status of the person who
prescribed opioids at discharge has yet to be evaluated. The analyses of my second objective
used clinical information on patient and organizational characteristics to help stratify patients
who are at high-risk of continuing opioid therapy beyond guideline recommendations and inform

policies and intervention programs needed to curb excessive opioid prescribing.
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Table 2-1. Previous studies that have looked at the effect of opioid consumption profiles and the risk of opioid-related adverse events.

All opioid-naive
patients.

PS-adjusted Cox PH
models: analyses stratified

injury is related
to the

Authors | Population/Data | Opioid use | Outcome Methodology used: Findings Risk of Bias
Source/Study metric measurement/modelling
Design of opioid
use/comparator/statistical
approach
Edlund et | US Health Average Opioid abuse/ | A single multinomial Patients with Immortal time
al., 2014 | insurance claims. | daily dose dependence variable was constructed opioid abuse bias: start of
and duration describing opioid days’ disorder — follow-up time
Newly diagnoses | of opioid supply and average daily 0.1%. begun at the first
CNCP defined as | therapy dose. diagnosis: the
two or more defined Opioid time between the
claims containing Time-fixed opioid use prescribing first and the last
primary or definition. Comparator: no | patterns are diagnosis of
secondary use. associated with | CNCP is
diagnoses of the Logistic regression model opioid use immortal.
same type of disorders, with
CNCP. opioid duration
more important
Opioid-naive than daily dose.
patients.
Observational
study.
Miller et | US Health Duration of | Unintentional Time-fixed definition. The risk of Improper
al., 2015 | insurance claims. | opioid action | prescription unintentional confounding
(SAvs LA) | opioid overdose | Comparator; SA opioids; opioid overdose | control: time

fixed adjustment
of covariates at

Observational by opioid duration. prescribed baseline; no
study. drug’s duration | effect measure
of action, with | modification
LA opioids tested.
being
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associated with
an increased
risk.

Bonhert | US Health Dose and Unintentional Time-varying opioid dose. | Patients with No effect
etal., insurance claims. | Schedule prescription opioid overdose | measure
2011 opioid overdose | Comparison group: low - 0.04%. modification
Opioid-naive and and dose tested.
prevalent users. death Cox PH models; analyses The risk of
Observational stratified by treatment opioid overdose
study indication. increased with
higher opioid
dose>50MME.
Dunnet | US Health Average Fatal (resulted | Time-varying opioid dose. | Overall, Improper
al., 2010 | insurance claims. | daily opioid | in deaths) and Some confounders patients with confounding
dose over non-fatal opioid | (sedative meds) were time- | opioid overdose | control: most the
CNCP, opioid- the 90 days | overdose varying. - 0.5%, out of medical
naive patients. prior to which 12% diagnoses were
Observational event period Comparator: low dose were fatal. time-fixed
study Cox PH models.
Increased risk
of drug-related
adverse events
with opioid
doses
>50MME.
Gomes et | Canada Health Active and Opioid Rates of opioid-related Overall, high Cross-sectional
al., 2018 | insurance claims. | recent opioid | overdose hospitalizations stratified prevalence of study.
prescriptions | hospitalizations | by province. active opioid
All opioid users. prescription
Cross-sectional prior to an

study;
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opioid-related
hospitalization.

Gomes et | Canada Health Daily opioid | Opioid-related | Controls matched on Patients who
al., 2011 | insurance claims. | doses death disease risk index. died - 0.2%.
Conditional logistic
All CNCP regression: models adjusted | Higher doses
patients. for the opioid treatment associated with
Case-control duration. an increased
study. risk of death.
Gomes et | Canada, health Opioid dose | Road trauma Matched on disease risk Risk of trauma | Lack of
al., 2013 | insurance claims; score; Conditional logistic | increased with | information on
nested case- regression higher doses. indication for
control; all opioid opioid therapy.
users
Saunders | US Health Opioid use Fractures Time-varying opioid use Higher dose Competing Risk:
etal., insurance claims; | and dose and average daily dose. opioid use Significant
2010 CNCP patients (>50 mg/day) proportion (25%
with >3 opioid Comparator: no use was associated | died before end
prescriptions Cox PH models. with an of follow-up
measured within increased risk period).
the first 90-day of fractures.
time periods;
observational
study
Ishidaet | US Health Opioid dose | Altered mental | Time-varying opioid dose. | 17% event rate; | Time-fixed
al., 2018 | insurance claims status, fall, opioids were confounders.
data. fracture that Comparator: no use. associated with | Lack of

Patients on
hemodialysis.
Observational
study.

requires an ER
visit,

hospitalization.

Cox PH models.

adverse
outcomes and
this risk was
present even at

generalizability.
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lower dose

(>60MME)

Miller et | US Health Opioid dose | Fractures Single measurement of 12% event rate; | Limited

al.,, 2011 | insurance claims. | and duration opioid use: characteristics | older people generalizability.

of the first of initial prescription. with arthritis No longitudinal
Opioid-naive initial who initiate patters assessed.
patients with prescription Comparator: NSAIDs therapy with
arthritis. Cox PH models. opioids are
Observational more likely to
study experience a
fracture than
those who
initiate
NSAIDs.

Liberman | US study Opioid Healthcare Single measurement of No statistical No longitudinal

etal., questionnaire. prescription | utilization opioid use: prescription of | association was | patterns.

2019 at hospital within 90 days’ | an opioid at discharge. found with Improper
Opioid-naive and | discharge post-discharge unplanned confounding
prevalent users. (any ED visit or | Comparator: no use healthcare use. | control due to
Observational re-admission) Cox PH models. lack of clinical
study. information.

Schlosser | US EMR data. Opioid dose | 30-day Comparative rates Lower doses Limited

etal., Patients with at hospital readmission (<40 MME) led | generalizability:

2020 knee joint discharge rate to a reduction in | looked at a

arthroplasty.

Opioid-naive and
prevalent users.

Descriptive study.

rate of re-
admissions as
compared to
higher doses.

subpopulation of
patients who
used opioids;
selection bias:
excluded
patients with
missing data.
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Improper
confounding
control: no other
medication use,

time-fixed
covariates
Paulozzi | US Health Opioid use: | Drug abuse, Opioid use and dose were | Adverse health | Descriptive
etal., insurance claims. | daily users, | overdose measured every 6 mo. outcomes (drug | study
2014 other users abuse and
CNCP, opioid- and nonusers Descriptive study: rates, Cl | overdose) can
naive and and proportion of patients increase with
prevalent users. with adverse events. accumulating
Descriptive study. opioid use and
increasing
dosage.
Desaiet | USEMR and Opioid 30-day Single measurement of Patients No longitudinal
al., 2018 | health insurance | prescription | readmission opioid use: prescription of | receiving patterns
claims. at discharge | rate an opioid at discharge. opioids only assessed,
Logistic regression. were at an improper
Surgical patients. increased risk confounding
Opioid naive and of hospital control (time-
prevalent users. readmission fixed and no
Observational within 30 days | adjustment for

study.

compared to
opioids and
another
analgesic.

other non-pain
medication use)
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Table 2-2. Previous studies that have looked at risk factors of long-term opioid use.

medical patients.

benzodiazepines,
antipsychotics, and
antidepressants

supply of an opioid
in the first year after
surgery, excluding
the first 90
postoperative days.

LTOT for medical
patients, defined as

Authors Population/Data | Potential Risk Factors Outcome Definition | Analytic Findings (rate, %
Source Approach LTOT)
Brumett et al., | US Health Age, gender, race, Opioid prescription | Multivariable | Minor surgery - 5.9%
2017 insurance claims. | education, region of fill 90 to 180 days logistic and major surgery -
Opioid-naive residence, after surgery. regression. 6.5%, medical patients —
surgical and medical comorbidities, 0.4%
medical patients. | pain diagnoses and
mental health
classifications.
Ray et al., US EMR. Sex, age, medical At least 3 months of | Multivariable | 25% prevalence of long-
2017 diagnoses; sedative use, opioid logistic term opioid users
Opioid-naive healthcare utilization use with either more | regression.
patients. than 120 days of
opioid
supply or 10 or more
opioid prescription
fills during the 3-
year
follow-up period.
Sunetal., US Health Sex, age, preoperative LTOT for surgical Multivariable | LTOT: 0.119% for
2016 insurance claims. | history of depression, patients: defined as logistic Caesarean delivery (95%
psychosis, drug or having filled 10 or regression. Cl, 0.104%-0.134%) to
Opioid-naive alcohol abuse, and more prescriptions or 1.41% for TKA (95% Cl,
surgical and preoperative use of more than 120 days' 1.29%-1.53%);

For non-surgical patients:
0.14%.

Male sex, age older than
50 years, and
preoperative history of
drug abuse, alcohol
abuse, depression,
benzodiazepine use, or
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having filled 10 or
more prescriptions or
more than 120 days'
supply following a
randomly assigned
"surgery” date.

antidepressant use were
associated with chronic
opioid use among
surgical patients.

Calcaterra et US EMR. Sociodemographic (age, | LTOT: an opioid use | Multivariable | 4.1% proportion of
al., 2016 gender, race, insurance episode lasting > 90 | logistic LTOT,; Patients with
Opioid-naive status), medical days with a total of regression. opioids at discharge were
medical and diagnoses, receipt of 120+ day supply of more likely to be cancer
surgical patients. | surgery during opioids or > 10 patients, have acute pain
hospitalization, baseline | opioid prescriptions at admission, having had
healthcare use dispensed over 1 surgery; less likely to
year. have mental health
disorder, more likely to
become chronic users
(aOR: 4.9, 95% ClI: 3.22
— 7.45), more subsequent
opioid refills (aOR: 2.67,
95% CI12.29 - 3.13)
Johnson et al., | US Health Sociodemographic (age, | LTOT: fill of a Multivariable | Patients on LTOT —
2016 insurance claims. | gender, median income, perioperative opioid | logistic 13.1%.
insurance status), medical | prescription followed | regression.

Opioid-naive

surgical patients.

diagnoses: Elixhauser
comorbidity index,
mental health disorder
and substance disorder,
history of pain, type of
surgery

by a prescription
between 90 and 180
days after surgery.

Younger age, female
gender, lower income,
comprehensive
insurance, higher
Elixhauser comorbidity
index, mental health
disorders, and tobacco
dependence or abuse
were associated with
increased risk of LTOT.
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Thornton et

US Health

Opioid regimen

LTOT: at least a 90-

Multivariable

Patients on LTOT -

al., 2018 insurance claims. | characteristics, pain day supply of logistic 1.3%.
conditions, physical and | opioids within 120 regression.
Non-cancer mental health conditions, | days after the index Opioid duration of
opioid-naive concomitant medications | date (initiation of action, drug abuse and
patients. use (i.e., benzodiazepine, | opioid therapy). presence of pain
stimulants, nonopioid conditions were
analgesics, and associated with an
polypharmacy), patient increased risk of LTOT.
characteristics, and health
insurance type
Mosher et al., | US Health Number of days’ supply | LTOT: continuous Multivariable | Surgical patients on
2018 insurance claims. | of the initial prescription | opioid supply lasting | logistic LTOT — 5.3% medical
durations (compared to a minimum of 90 regression. patients on LTOT —
Opioid-naive <7 days) days and beginning 15.2%.
medical and within 30 days of the
surgical patients. initial prescription. Initial dose and days
prescribed within 3 days
of hospital discharge
were associated with
increased risk of LTOT.
Fritz et al., US Health Socioeconomic and LTOT: >120 days or | Multivariable | Patients on LTOT: 4.3%.
2018 insurance claims. | demographic variables, >90 days with >10 logistic Having an anxiety
healthcare utilization, fills during the 1- regression. comorbidity, smoking,
Opioid-naive non- | medication use, year follow-up and older age,
cancer patients diagnostic procedures, period. benzodiazepine use were
with low back medical and health all associated with
pain. diagnoses increased risk of LTOT.
Shah et al., US Health Characteristics of the first | Opioid Cox PH Patients on LTOT - 5.3%
2017 insurance claims. | opioid prescription; a discontinuation (at models. Longer durations and
variable for treatment least 180 days doses of initial opioid

Opioid-naive non-
cancer patients.

indication was also
included in the model—

without opioid use)

prescription were
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trauma, surgery, chronic

associated with increased

pain. risk of LTOT.
Hadlandsmyth | US Health Initial opioid exposure: Long-term opioid Logistic Patients on LTOT: from
etal., 2019 insurance claims. | days’ supply, daily dose, | use (6 or more regression 1.6% to 39.2%
number of fills within the | opioid filled models. depending on method
Opioid-naive non- | first 30 days. following the initial used, number of fills and
cancer patients. 30-day assessment dose in the initial
period). month. Initial opioid
duration was associated
with increased risk of
LTOT.
Deyo et al., US Health Initial (within 30 days of | Long-term opioid Logistic Long-term opioid users:
2017 insurance claims. | study entry) prescribing use - proportion of regression 5.0% Having more than 2
patterns: Numbers of patients with six or models. fills during the initiation

Opioid-naive non-
cancer patients.

prescription fills and
cumulative MMEs
dispensed during 30 days
following opioid
initiation.

more opioid fills in
the 12 months
following the
initiation month;
hospitalizations for
opioid-related
adverse events.

month and higher opioid
doses were associated
with increased risk of
LTOT.
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3. Data Sources

3.1. The primary cohort

A subset of the cohort of medical and surgical hospitalized patients who were enrolled in a
cluster randomized controlled trial on medication reconciliation were used to address the study
objectives. 1% The MUHC is an over 1000-bed quaternary care teaching hospital in Montreal
(Canada) that operates within the universal health care plan of the province of Quebec (RAMQ).
This plan covers all hospitalizations, essential medical care and drug insurance for registrants 65
years of age and older, income security recipients, and those not insured through their employer
(approximately 50% of the Quebec population). Ethics approval was obtained from the MUHC
ethics board, and privacy commissioner approval to link clinical and administrative data from the

Commission d’access a I’information de Quebec.

3.2. Eligibility

The study population included all surgical and medical patients discharged from McGill
University Health Center between October 2014 and November 2016. To be eligible for the
original trial, patients had to be 18 years of age or older at admission, be admitted from the
community or transferred from another hospital, with at least one-year of continuous provincial
healthcare coverage prior to hospital admission. For the studies outlined for this thesis, patients
needed to fill at least one opioid prescription during the 90 days following their hospital

discharge.

3.4. Data sources

Multiple sources of data were assembled and linked to address the objectives of the proposed
project. For each patient, demographic, clinical, health care service use and prescription claims
were retrieved from the admission note as well as provincial health care administrative databases
(RAMQ medical services and RAMQ prescription claims data) in the year prior to and after the
hospitalization, for which the patient was enrolled. RAMQ prescription claims database covers
approximately 50% of all Quebec residents including Medicare registrants who are 65 years of
age and older, income security recipients, and registered not insured through their employer.
Dates of admission and discharge, admitting and discharge unit, patient demographics, health

problems at admission and discharge, major procedures (surgeries, treatment interventions), were
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retrieved from the MED-ECHO hospitalization database. Physical findings, laboratory results,
diagnoses, medications taken at admission, in-hospital as well as those prescribed at discharge
were abstracted from the McGill University Health Center Data Warehouse. Data on hospital
discharge experiences were obtained via telephone interview 30-day post-discharge with trained
interviewers, and adverse drug event occurrence was adjudicated by two reviewers using the
Leape-Bates method. 87199110 This is one of the only data sources in the world that links
information on medication use prior to admission and during the hospital stay as well as which
medications are prescribed at discharge and dispensed medications in the community post-

discharge.
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4. Objective 1

Kurteva S, Habib B, Moraga T, Tamblyn R. Incidence and Variables Associated With
Inconsistencies in Opioid Prescribing at Hospital Discharge and Its Associated Adverse Drug
Outcomes. Value Health. 2021 Feb;24(2):147-157. doi: 10.1016/j.jval.2020.07.015. Epub 2020
Nov 10. PMID: 33518021.

4.1. Preamble

The first manuscript presents the results of a cohort study describing opioid-related medication
errors (MESs) at transitions in care such as a hospitalization. The intent of this study was to better
understand what patient-, medication- and system- level characteristics contribute to the receipt
of an opioid prescription at discharge and opioid-related medication errors. The status of the
opioid prescriptions at hospital discharge was ascertained using patients’ charts and an electronic
reconciliation software. | considered three different types of medication-related errors: omissions
duplications, and unintended dose changes. | also explored the impact of opioid-related MEs on
its associated rates of adverse drug events and risk of emergency department visits, readmissions,

or death in the 30 and 90 days’ post-discharge.

The study has already been published in the Value in Health journal. The published article is
provided in Appendix 8 at the end of the thesis.
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ABSTRACT

Objectives: Opioid-related medication errors (MES) can have a significant impact on patient
health and contribute to opioid misuse. The objective of this study was to estimate the incidence
of and variables associated with the receipt of an opioid prescription and opioid-related MEs
(omissions, duplications or dose-changes) at hospital discharge. We also determined rates of
adverse drug events and risks of emergency department (ED) visits, re-admissions or death 30-

days and 90-days post-discharge associated with MEs.

Methods: A cohort of hospitalized patients discharged from the McGill University Health
Centre between 2014 and 2016 was assembled. The impact of opioid-related MEs was assessed
in a propensity-score adjusted logistic regression models. Multivariable logistic regression was

used to determine characteristics associated with MEs and discharge opioid prescription.

Results: 1530 (43.9%) of 3486 patients were prescribed opioids, of which 13.4% (n = 205)
patients had at least one opioid-related MEs. Rates of MEs were higher in handwritten
prescriptions compared to the electronic reconciliation discharge prescription group (20.6% vs
1.2%). Computer-based prescriptions were associated with a 69% lower risk of opioid-related
MEs (adjusted odds ratio [aOR]: 0.31, 95% CI: 0.14 — 0.65)) and 63% lower risk of receiving an
opioid prescription. Opioid-related MEs were associated with a 2.3 times increased risk of
healthcare utilization in the 30-days post-discharge period (aOR: 2.32, 95% CI:1.24 — 4.32)).

Conclusions: Opioid-related MEs are common in handwritten discharge prescriptions. Our

findings highlight the need for computer-based prescribing platforms and careful review of

medications during critical periods of care such as hospital transitions.
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4.4 Introduction

Opioid use is associated with both fatal and nonfatal adverse effects. In the US, rates of opioid-
related hospitalizations increased by 64% between 2005 and 2014. ! In addition to patient-
related factors which may increase one’s risk of opioid misuse "8, errors associated with high-risk
medications also heighten the risk of harm. ”® Opioid medications represent a high-risk class of
drugs "® which have been shown to be associated with the highest rate of reported medication
errors (MEs). 88 Opioid-related MEs could have a significant impact on patient health and may
result in potentially preventable adverse patient outcomes and contribute to the prescription

opioid misuse crisis. 878

Transitions in care represent a particularly high-risk period in the patient pathway.'?-14 Previous
studies have found between 1.2 and 5.3 MEs per patient in transitions from hospital discharge to
the community.1*2115116 The literature on predictors of MEs and discrepancies shows that higher
age, polypharmacy, patient gender and specific medical interventions are associated with
increased likelihood of MEs. 8%-°* However, the occurrence of and specific predictors of opioid-
related errors during these care transitions is an under-explored area, which warrants further
investigation. Inadequate communication of changes in medication at the time of discharge is a
well-established problem and hospital physicians may discontinue or initiate opioids without
fully knowing a patient’s medication history, including their history of opioid use prior to
hospitalization.>*-8Moreover, the hospitalization itself may inadvertently be a risk factor
whereby opioids are prescribed for acute pain during hospitalization and inadvertently continued

at discharge, increasing the risk for chronic use. 606

Medication reconciliation, introduced as a potential solution to identifying and reducing MEs,
could be used as an intervention to reduce opioid medications errors and associated preventable
harm. 17-11° A recent systematic review quantifying the burden of opioid MEs in adult oncology
settings highlighted the lack of research on opioid errors incidence, type and patient impact.
120121 The objective of this study was to estimate the incidence of opioid-related MEs
(omissions, duplications or dose-changes) at transitions in care, and its associated rates of

adverse drug events and risk of emergency visits (ED), re-admissions or death in the 30- and 90-
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days post-discharge. In addition, we also explored potential predictors associated with 1) the

receipt of an opioid prescription and 2) having an opioid-related ME at hospital discharge.

4.5 Methods

Setting: The study took place within the context of a cluster-randomized trial on discharge
medication reconciliation conducted at the McGill University Health Centre (MUHC).1% The
MUHC is an over 1000-bed quaternary care teaching hospital in Montreal (Canada) that operates
within the universal health care plan of the province of Quebec (RAMQ). This plan covers all
necessary medical care and includes prescription drug insurance for registrants 65 years of age
and older, income security recipients, and those not insured through their employer. Ethics
approval was provided by the MUHC Research Ethics Board. Privacy Commissioner approval
was obtained to link clinical and administrative data from the Commission d’acces a

I’information du Quebec.

Participants: A prospective cohort hospitalized patients discharged from medical and surgical
units of the MUHC between October 2014 and November 2016 was followed for up to 90-days
post-discharge. To be eligible for the original trial and for this study, patients had to be 18 years
of age or older at admission, admitted from the community or transferred from another hospital,
with at least one year of continuous provincial healthcare and prescription drug coverage prior to

hospital admission.

Data Sources: Multiple sources of data were assembled and linked to address the objectives of
the proposed study. For each patient, demographic, clinical, health care service use and
prescription claims data were retrieved from the admission note and provincial health care
administrative databases (RAMQ medical services and prescription claims data) in the year prior
to and following the hospitalization for which the patient was enrolled. The RAMQ prescription
claims database covers approximately 50% of all Quebec residents, including medicare
registrants who are 65 years of age and older, income security recipients, and those not insured
through their employer. The RAMQ medical services database covers 100% of residents. Dates
of admission and discharge, admitting and discharge unit, patient demographics, health problems

at admission and discharge, and major procedures (surgeries, treatment interventions) were
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retrieved from the MED-ECHO hospitalization database. Physical findings, laboratory results,
diagnoses, medications taken at admission, in-hospital as well as those prescribed at discharge
were abstracted from the MUHC Data Warehouse. Data on hospital discharge experiences and
adverse drug events were obtained via telephone interview 30-day post-discharge with trained
interviewers and adverse drug event occurrence was adjudicated by two reviewers using the
Leape-Bates method. 87199110 This is one of the only data sources in the world that links
information on medication use prior to admission, during the hospital stay, and medications

prescribed at discharge and dispensed in the community post-discharge.

Outcomes

Opioid Medications Administered In-Hospital: We used the Anatomical Therapeutic Chemical
Classification System (ATC) code used to search the in-hospital pharmacy databases and identify
opioids (ATC included: NO2A, RO5DA) and other concurrent medications such as
benzodiazepines, antidepressants and analgesics that the patient was administered while in the

hospital.

Opioid Prescriptions at Discharge: The status of opioid prescriptions at hospital discharge was
ascertained using patients’ charts (handwritten prescriptions) and the electronic reconciliation
software (electronic prescriptions). For patients, whose prescription was finalized using the
RightRx software, opioid discharge prescriptions were grouped by reconciliation action: stop,
modify, continue from the community, and new prescription. For patients who left the hospital
with a paper discharge prescription, we determined the opioid status based on what was indicated
in the patient’s chart. Patients were considered to have left the hospital with an opioid prescription
when the status of the opioid medication was continued, modified or newly prescribed. Patients
with multi-modal analgesia were defined as those who were prescribed an opioid medication at

discharge with at least one other analgesic agent. 1?2

MEs at Discharge: Three different types of medication-related errors were considered as part of
our main outcome: omissions, duplications and unintended dose changes. An unintended error of
omission was defined as a drug that was in the community drug list that was not prescribed at
discharge and for which there was no documented evidence of having been stopped in the medical

chart. On the other hand, an unintended therapy duplication was defined as one drug with an active
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prescription in the community drug list and a second drug in the same four-digit ATC 12 in the
discharge prescription, where there was no evidence in the medical chart that the community drug
had been stopped, or that it was to be intentionally continued. Omissions and therapy duplication
errors were further classified into two categories depending on whether they were due to a
reconciliation error or a history error. For example, an omission that was considered as due to
reconciliation error was defined as a drug that was in the community drug list that was prescribed
at discharge but for which there was no documented evidence of the status in the medical chart
(continued, prescribed, stopped or modified). An unintended dose change was defined as a 25%
or more increase or decrease in the prescribed dose of a community medication that was not
documented in the medical chart as a change. To calculate the difference in dose between
community drugs and those prescribed at discharge, the strength, quantity and duration of
community-based medications were used to calculate daily dose for all opioid medications. Refer

to the Appendix for full conceptualization of definitions for MEs.

Medication-related error definitions were based on information on medications dispensed in 3
months prior to hospitalization, from RAMQ, medications listed at hospital admission indicating
whether or not the patient is taking the drug, drugs at discharge as well as status of drugs at
discharge. The community drug list generated using the RAMQ prescription claims data for each
patient was considered the “gold standard”, as these records identify over 40% more medications

than are noted in the emergency department chart. 124

Adverse Drug Events (ADEs): We used information from patient interviews conducted post-
discharge to assess the presence of ADEs, defined as the presence of a new health problem or
worsening of a pre-existing condition that could be medication-related. Information from patients’
self-reported symptoms and medications dispensed following hospital discharge was collected and
independently rated using the Leape-Bates adverse drug event classification. ADEs were further
classified as definitely/probably preventable to definitely/probably not preventable using the same

categories to classify probability. These categorizations were previously described elsewhere. 108

Emergency Department Visits, Hospital Readmissions, Death Post-Discharge: The outcome was

a combined measure of an emergency department visit, hospital re-admission or death in the 30-
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days post-discharge and was ascertained using RAMQ provincial medical services claims
databases and the Ministry of Health and Social Services discharge abstract database. This
approach ensured that all ED visits and re-admissions are included, not just those occurring to the
MUHC. In addition, we also explored the potential long-term impact of opioid-related MEs by

determining rates of healthcare utilization in the 90-day post-discharge period.

Variables Potentially Associated with the Receipt of an Opioid Prescription at Discharge, MEs
and Adverse Outcomes: Potential risk factors for receiving an opioid prescription at discharge and
factors associated with MEs were identified from the literature. In addition, variables associated
with increased risk of healthcare utilization were also considered. This included patient
demographics, co-existing comorbidities that may increases one’s risk of receiving an opioid
prescription at discharge, healthcare utilization in the one year prior to the hospitalization and
patients’ medications dispensed in the one year before the admission as well as in-hospital use of

medications.

4.6 Analysis

Descriptive statistics were used to summarize and characterize the study cohort including patient
demographics, co-existing comorbidities (using the ICD-9 classification), drug and healthcare
utilization in the one year prior to hospitalization, diagnoses recorded at hospital admission as
indicated in patients’ admission notes (using ICD-10 classification), medications administered
in-hospital, as well as characteristics of medications prescribed for pain at hospital discharge.
Generalized estimating equation (GEE) extension of multivariable logistic regression with an
exchangeable correlation structure was used to estimate the independent association among
medical history, patient and medication-related characteristics and the receipt of an opioid
prescription at discharge, while accounting for clustering of opioid prescriptions within in-
hospital physicians. 12> A separate model was also fitted to explore potential variables associated
with having at least one of the above-mentioned medication-related errors. The two models
included all variables, selected a priori based on the literature and not on statistical significance.
The incidence of opioid-related MEs was estimated, overall, by type of error, and by type of
prescription (electronic versus handwritten). The rates of ADEs and healthcare encounters were

estimated and stratified by the presence or absence of an opioid medication-related error at
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discharge. A propensity-score adjusted logistic regression model was used to assess the risk of
ED visits, readmission or death associated with opioid-related MEs in the 30- and 90-days post-
discharge. The same exploratory variables as in the GEE model were used in building the
propensity score model.

4.7 Results

Overall, 3486 patients were discharged alive from study units, 57.7% were male and the mean
age was 69.6 (SD=14.9) (Table 4-1). Among the 1530 patients (43.9%) prescribed an opioid at
discharge, 82.3% were prescribed to surgical patients and the rate of opioid prescriptions for
surgical patients was 73%. Patients with or without an opioid prescription at discharge shared
similar characteristics, except that patients prescribed an opioid were more likely to have
received opioids, benzodiazepines and analgesics during their hospital stay. Overall, most
patients were opioid-naive with 65% (n=2280) having had no history of opioid use in the one
year prior to their admission and 72% had been administered an opioid during their stay. More
than half of the patients prescribed an opioid at discharge received a handwritten prescription.
Overall, patients who received an opioid at discharge (n=1530) had, on average, 10.5
medications (SD=5.0) with a mean number of changes in the community medications of 7.5
(SD=4.9) (Table 4-2).

Figure 1 shows the flowchart of patients with an opioid prescription at discharge, according to
use prior to admission and after discharge. Interestingly, there was an equal split of discharge
opioid prescriptions comparing previous users of opioids and opioid-naive patients. Among
patients who did not receive an opioid prescription at discharge, almost one third (22%) of
patients with history of opioid use and 12% of opioid-naive patients had an opioid dispensed in
the community 30 days following the hospitalization. More than two thirds of patients filled their
opioid prescription within 7-days post-discharge (n = 1070, 69.9%) (Table 4-2) with an overall

rate of opioid dispensations of 74.6% during the follow-up period of 30-days post-discharge.

The proportion of patients with at least one opioid-related ME was 13.4% (n = 205), with the
incidence of omission errors (40.0%) and unintended dose change errors (44.4%) being the
highest, followed by therapy duplication errors (15.6%) (Table 4-2). Of the dose change errors

made, 68.1% were a decrease in the dose of the opioid. The overall rate of MEs in hand written

59



prescriptions was higher than electronic prescriptions (20.6% vs 1.2%). There were no
duplication or omission errors among patients where the medication reconciliation software was

used for their discharge prescription.

Overall, 27.9% (n=427) of all patients with an opioid prescription at discharge, regardless of the
presence of an opioid-related ME, had an acute health service encounter (emergency department
visits, hospitalization) or died in the 30-day follow-up period (Table 4-3). Of the 62 ADEs,
82.2% were adjudicated by reviewers as definitely preventable, 4.8% as definitely or probably
not preventable. Patients with an opioid-related ME had slightly higher rates of adverse drug
events (5.4% vs 3.9%) and more than three times the number of hospital re-admissions (23.4%
vs 8.5%) in the 30-days post-discharge. Similarly, they had higher rates of the composite
outcomes of visiting the ED, being re-admitted or died within 30-days or 90-days of hospital
discharge. Results from propensity-score adjusted logistic regression models showed that
patients with opioid-related MEs were 2.32 times more likely to have a re-admissions 30-days
post-discharge as compared to patients without MEs (aOR: 2.32, 95% ClI: 2.32 (1.24 — 4.32))
(Table 4-4). Other healthcare encounters during the 30- or 90-day post-discharge follow-up
period showed increased risk associated with MEs in crude analyses but the associations were no

longer significant in propensity-score adjusted analyses.

A number of characteristics were associated with an increased risk of receiving an opioid
prescription at discharge (Table 4-5). First, patients of age 35-64 had a 38% increase in the
likelihood of being given an opioid upon leaving the hospital (adjusted odds ratio [aOR] 1.38,
95% CI: 1.07 — 1.76), while the age group of 64-79 had more than a two-time higher risk of
receiving an opioid (aOR 2.19, 95% Cl:1.47 — 3.24). Having been admitted for thoracic surgery
(aOR 4.53, 95% CI: 3.17 — 6.48), having received chemotherapy in the one year prior to
admission (aOR 2.17, 95% CI: 1.15 — 4.08), and having a diagnosis for a pain syndrome (aOR
1.27, 95% CI:1.03 — 1.57), were all associated with increased likelihood of receiving a
prescription for opioids. The presence of an active opioid prescription at discharge (aOR 1.72,
95% ClI: 1.22 — 2.44) and having been administered an opioid in the hospital also showed a
positive association with having an opioid prescription at discharge (aOR 17.9, 95% CI: 11.0 —
29.3). Similarly, receiving an analgesic medication in the hospital as well as at discharge were

both associated with an increased risk of giving an opioid medication upon hospital discharge,
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aOR 1.43,95% CI: 1.14 — 1.82 and aOR 6.51, 95% CI: 4.57 — 9.25, respectively. Finally,
patients with more than 10 medications prescribed at discharge and more than 10 changes made
to their discharge medication list were also more likely to be given an opioid as part of their
discharge drug regimen, aOR 1.92, 95% CI:1.37 — 2.69 and 1.48, 95% CI: 1.09 — 2.03,
respectively. Variables associated with a decreased risk of receiving an opioid at discharge were
having a computerized-discharge prescription (aOR 0.37, 95% CI: 0.28 — 0.49), having more
than one ED visits in the 1-year pre-admission (aOR 0.72, 95% CI: 0.62 — 0.85), previous history
of analgesics (aOR 0.74, 95% CI: 0.58 - 0.96) and being administered an antidepressant in the
hospital (aOR 0.60, 95% CI: 0.46 — 0.79).

With respect to the potential predictors of opioid-related MEs, the only variable associated with a
higher risk was having an active opioid prescription at admission (aOR 5.15, 95% CI: 3.03 —
8.78). On the contrary, having the discharge prescription finalized with the electronic
reconciliation software was associated with a 69% lower risk of having a ME for an opioid
medication (aOR 0.31, 95% CI: 0.14 — 0.65). Albeit associations being non-significant, older
ages were also positively associated with increased risk of MEs related to their opioid

prescriptions.

4.8 Discussion

Our study showed that almost one in every two hospitalized patients left the hospital with an
opioid prescription, with more than 80% of these prescriptions given to patients discharged from
surgical units. Moreover, most patients with an opioid discharge prescription were opioid-naive
prior to admission. Most patients filled their opioid prescription in the 30-days post-discharge
period with 11% of patients with no discharge opioid prescription filling prescriptions from
community physicians in the 30-days post-discharge. As such, findings from our study should be
viewed as a reflection of either a communication gap between in-patient and community-based
care teams or potentially gaps in access to care, as patients who experience acute pain after
discharge but cannot reach their hospital-based team will reach out to a primary care provider for
relief. Moreover, similarly to other studies looking at overall predictors of opioid prescription at
discharge, in this cohort of hospitalized patients, we found that older patients, specific medical

interventions such undergoing thoracic surgery, patients with diagnoses for pain syndromes were
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all at a higher risk of receiving an opioid prescription at discharge. -8 In addition, higher
number of medications and medication changes prescribed at hospital discharge were also
associated with a higher likelihood of receiving an opioid medication at discharge, findings not

previously investigated elsewhere.

In addition, we found that using an electronic medication software was associated with a
substantially lower risk of having a ME associated with an opioid-related ME as well as with
receiving an opioid prescription at discharge, which is in accordance with previous literature on

the effectiveness of successful medication reconciliation to prevent MEs. 9293

Most studies, which looked at the amount of opioid prescriptions given at hospital discharge,
focused largely on the surgical group of patients 126127 and they estimated that the proportion of
patients with an opioid prescription at discharge ranged from 6%, in Dutch patients, to 82% in US
patients, for the same type of surgeries. 122 Multiple comparison studies demonstrated persistent
and striking differences between North America, and particularly USA, and other countries in their
opioid prescribing practices. 1%312° Qur estimates are close to the ones found in the US, with 73%
of surgical patients in our cohort having received an opioid prescription at discharge. Research
within the USA has also shown that the quantity and the number of dispensed opioids has increased
over time 80130131 ‘syggesting that many are receiving opioids which are most likely not needed at
all for adequate relief. It has been argued that overprescribing of opioids after surgery could lead
to increased risk of adverse outcomes and adverse opioid-related behaviors such as prescription
opioid misuse, opioid diversion and new or unintended prolonged opioid use. -8 While we cannot
comment on the causal link between opioid exposure and these outcomes, we did observe high
rates of ED visits, re-admissions or deaths in the one month post-discharge for patients with an
opioid prescription at discharge. We also noticed that these rates were almost twice as high in
patients with an opioid-related MEs such as therapy omissions, duplications or dose changes, and
while for the majority statistically insignificant, the associations of opioid-related MEs pointed to
an increased risk of healthcare utilization as compared to no MEs. Multiple interventions have
been proposed to minimize opioid prescribing at the provider, system and patient level 132-135,

Future research should further explore whether accumulation of opioid use post-discharge is a
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reflection of over-prescription by some in-hospital or community prescribers or of patient drug-

seeking behavior.

Our results for opioid-related medication-errors found that most errors occurred in handwritten
prescriptions, which reflects results from previously published studies. 117121.136-139 However,
most of these studies which looked at differences in rates of MEs between electronic and
handwritten prescriptions focused largely on any medication-related errors 136138139 or have
separated them in high- and low-risk groups. 13 Our findings reflect those of other studies,
87,117,139,.140 which showed that MEs could be prevented using computer-generated prescriptions
as we observed very low rate of opioid-related MEs in the groups of patients who received an
electronic opioid prescription at discharge. Errors in prescriptions written by hand are largely
introduced because of inaccurate medication reconciliation at time of discharge or incomplete
retrieval of community medications list at the time of hospital admission. Given the importance
of prescription opioids on the public health crisis of opioid-related mortality, our findings
highlight the need for an accurate medication list and careful review of medications at transitions
of care such as hospitalization. Policy efforts should be targeted at the implementation of feasible

methods to audit errors in pharmacies and feed the data back to hospitals. 14

The strength of this study is its ability to link data on medication use prior to admission, during
the hospitalization as well as to integrate information on patient discharge prescriptions and
dispensations post-discharge to comprehensively describe opioid-related MEs and quantify
adverse drug events in the community. Most of what is known about the incidence and types of
medication-related errors uses different, single-focus and narrow definitions of medication-related
errors were used, which made comparison across these studies difficult.*?> Another recent study
which looked at errors in opioid prescription for adult outpatients analyzed prescriptions as error-
related if they deviated from best practice guidelines, had incorrect dates, medication frequencies,
and lacked information on pill quantity. 13 None of these studies had the advantage of integrating
multiple data sources and most used either only discharge prescriptions or pharmacy claims to
determine the status of discharge prescriptions. In addition, none of these studies reported the
extent of patient harms from the resulting opioid errors. In this study, we compared profiles of

patients who received a discharge opioid prescriptions and further provided information on the
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type of errors that may occur at transitions in care as well as the occurrence of adverse drug-related

events and healthcare encounters.

Some limitations of our work merit emphasis. This is a descriptive study and as such, results should
be interpreted with caution. First, we reported rates of adverse drug events across patients with and
without opioid-associated ME and therefore, no causality should be inferred for these associations.
Moreover, there is a potential for recall bias as measurement of information on adverse events was
collected through self-reported interviews with patients. Third, we reported the risk of healthcare
utilization such as ED visits, re-admission and death up to 3 months’ post-discharge associated
with an opioid-related ME and, while we used a propensity score to adjust for a number of patient
and medical characteristics, confounding could still be a problem. Lastly, we did not build a
predictive model but rather explored potential variables associated with the presence of a discharge
opioid prescription and medication-related errors based on substantive knowledge and not
statistical significance. Thus, our results should be considered as hypothesis-generating rather than

definitive and reported associations should be further investigated in future studies.

4.9 Conclusion

In conclusion, we found a 13.4% rate of errors in opioid prescriptions written for hospitalized
adults and, in this sample, almost exclusively present in handwritten prescriptions. A significant
number of these errors were due to reconciliation errors or history errors. The utilization of
computer-based prescribing and medication reconciliation software has the potential to improve
the safety of opioid and medication prescribing, especially during critical periods of care such as

hospital discharge after surgery.
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Table 4-1. Baseline characteristics of the 3486 patients and of 1511 patients who filled of an
opioid prescription within 90 days of hospital discharge.

Overall Opioid Prescription at Discharge
(n = 3486)
No Yes
n=1956 (56.1%) n = 1530 (43.9%)
Mean age (SD) 69.6 (14.9) 71.8 (15.5) 66.6 (13.7)
N (%) N (%) N (%)
Male 2010 (57.7) 1083 (55.4 927 (60.6)
Surgical discharge units 1677 (48.1) 417 (21.3) 1260 (82.3)
Electronic reconciliation used 1464 (42.0) 893 (45.6) 571 (37)
Length of hospital stay (> 6 days) 2930 (84.0) 1689 (86.3) 1241 (81.1)
Health Services Utilization: 1 Year Before Mean (SD) Mean (SD) Mean (SD)
Admission
Emergency department visits 8.4 (8.5) 9.9 (15.1) 6.2 (14.1)
Hospitalizations 0.8(1.9) 0.78 (2.2) 0.7 (1.5)
Physicians visits 10.9 (14.5) 11.3(17.2) 10.4 (11.4)
Number of prescribing physicians 4.2 (3.4) 4.5 (3.4) 3.9(3.2)
Number of physicians prescribing opioids 0.6 (1.2) 0.6 (1.1) 0.7 (1.3)
Number of dispensing pharmacies 1.4 (0.9) 1.4 (0.9) 1.4 (0.8)
Number of pharmacies dispensing opioids 0.4 (0.6) 0.39 (0.6) 0.4 (0.6)
Active Prescriptions at Admission 9.8 (10.1) 10.6 (11.0) 7.1(8.2)
N (%) N (%) N (%)
Active Opioid Prescription at Admission 504 (14.5) 272 (13.9) 232 (15.2)
Radiotherapy 215 (6.2) 70 (3.6) 145 (9.5)
Chemotherapy 262 (7.5) 77 (3.9) 185 (12.1)
Medication Use: 1 Year Before Admission N (%) N (%) N (%)
History of opioid use 1206 (34.6) 670 (34.2) 536 (35.0)
> 3 opioid dispensations 104 (2.9) 49 (2.5) 55 (3.6)
History of long-acting opioids 146 (4.2) 60 (3.1) 86 (5.6)
Opioid dispensation within previous 30 days 666 (19.1) 353 (18.1) 313 (20.5)
History of methadone/buprenorphine 13 (0.4) 0 (0) 13 (0.9)
History of benzodiazepine use 1088 (31.2) 638 (32.6) 450 (29.4)
History of antidepressant use 706 (20.3) 431 (22.0) 275 (17.9)
SSRIs 336 (9.6) 220 (11.2) 116 (7.6)
SNRIs 167 (4.8) 96 (4.9) 71 (4.6)
TCAs 34 (1.0 20 (1.0 14 (0.9)
Other 189 (5.4) 108 (5.5) 81 (5.3)
History of analgesics use 1068 (30.6) 735 (37.6) 589 (38.5)
Acetaminophen 775 (22.2) 463 (23.7) 312 (20.4)
NSAIDS 563 (16.2) 257 (13.1) 306 (20.0)
COX-2 271 (7.8) 107 (5.5) 107 (6.9)
Targeted Comorbidities N (%0) N (%) N (%)
Mental illness 511 (14.7) 315 (16.1) 196 (12.8)
Depression 190 (5.5) 113 (5.8) 77 (5.0)
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Anxiety

Bipolar disorders
Dementia
Substance & alcohol abuse
Pain Syndromes

Neck and back pain

Arthritis and joint pain
Cancer

Digestive

Lung

Breast cancer

Urologic

Unspecified Cancer
Other Comorbidities That May Increase
the Risk of Hospitalizations/ED visits
Cardiovascular Diseases
Cerebrovascular Diseases
Pneumonia
Chronic obstructive pulmonary disease
Renal Disease
Diabetes
Primary Reasons for the Hospitalization
Cancer
Cardiovascular
Respiratory
Urinary Infections
Other Infections
Injection Poisonings
Digestive
Blood and Immune System
Musculoskeletal
Alcohol-related
Fractures and Injuries
Endocrine and Metabolic
Skin
Other ?
In-Hospital Medication Use
Antidepressants
Opioids
Benzodiazepines
Analgesics

261 (7.5)
165 (4.8)
213 (6.1)
115 (3.3)
1352 (38.8)
334 (9.6)
1272 (36.5)
1253 (35.9)
309 (8.9)
488 (14.0)
274 (7.9)
248 (7.1)
88 (2.5)
N (%)

1817 (52.1)
334 (9.6)
338 (9.7)
751 (21.5)
364 (10.4)
791 (22.7)

N (%)

388 (11.2)

1047 (30.1)
532 (15.3)
173 (4.5)
110 (3.2)

59 (1.7)
256 (7.4)
73 (2.1)
121 (3.5)
47 (1.3)
98 (2.8)
84 (2.4)
82 (2.4)
372 (10.7)
N (%)

628 (18.0)

2509 (72.0)

2278 (65.4)

1813 (52.0)

138 (7.1)
131 (6.7)
179 (9.2)
76 (3.9)
748 (38.2)
172 (8.8)
704 (35.9)
658 (43.0)
144 (7.7)
156 (7.9)
154 (7.9)
126 (6.4)
51 (2.6)
N (%)

849 (55.5)
222 (11.3)
231 (11.8)
448 (22.9)
266 (13.6)
488 (24.9)
N (%)
93 (4.7)
439 (22.4
391 (20.0)
139 (7.1)
91 (4.7)
40 (20.4)
188 (9.6)
49 (2.5)
51 (2.6)
46 (2.4)
41 (2.1)
70 (3.6)
72 (3.7)
258 (13.2)
N (%)
401 (20.5)
997 (50.9)
1036 (52.9)
634 (32.4)

123 (8.0)
34 (2.2)
34 (2.2)
39 (2.6)
604 (39.5)
162 (10.6)
568 (37.1)
595 (30.4)
165 (10.8)
332 (21.7)
120 (7.8)
122 (7.9)
37 (2.4)
N (%)

968 (49.5)
112 (7.3)
107 (6.9)

303 (19.8)
98 (6.4)

303 (19.8)

N (%)

295 (19.3)
608 (39.7)
141 (9.2)
34 (2.2)
19 (1.2)
19 (1.2)
68 (4.4)
24 (1.6)
70 (4.6)
1(<0.1)
57 (3.7)

14 (0.9)
10 (0.6)
113 (73.8)
N (%)

227 (14.8)

1512 (98.8)

1242 (81.2)

1179 (77.1)

1 Other: nausea, dizziness, vomiting, swelling
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Table 4-2. Characteristics of discharge prescription for patients who received an opioid at
discharge according to previous history of opioid use

Overall Electronic Reconciliation
n=1530 Software
Not Used Used
(n=959, 63%) (n=571, 37%)
Surgical Units 1260 (82.3) 775 (61.5) 485 (38.5)
Overall Medications Mean (SD) Mean (SD) Mean (SD)
Number of medications prescribed 10.6 (5.0) 9.5(.2) 12.4 (4.1)
Number of changes in community medications 7.5 (4.9) 5.8 (4.7) 10.3 (3.7)
Number of new medication 55(3.2) 4.4 (2.9) 7.3(2.8)
Number of stopped medications 1.4 (2.6) 0.9 (2.6) 2.3(2.1)
Number of unintended dose changes 0.5(1.0) 0.5(0.9) 0.7 (1.0)
Opioid Medications N (%) N (%) N (%)
Medication-related errors 205 (13.4) 198 (20.6) 7(1.2)
Type of medication-related errors
Omission ? 82 (40.0) 82 (41.4) 0
Status of medication discrepancy
Omission - Reconciliation error 38 (46.3) 38 (46.3) 0
Omission - History error 44 (54.7) 44 (54.7) 0
Duplication ? 32 (15.6) 32 (16.1) 0
Status of medication discrepancy
Duplication - Reconciliation error 15 (46.9) 15 (46.9.) 0
Duplication - History error 17 (53.1) 17 (53.5) 0
Unintended dose changes 3 91 (44.4) 84 (42.4) 7 (100)
Dose increases 29 (31.9) 22 (26.2) 7 (100)
Dose decreases 62 (68.1) 62 (73.8) 0
Type of Pain Regimen at Discharge N (%) N (%) N (%)
Unimodal pain regimen 144 (9.4) 128 (13.3) 16 (2.3)
Opioid multi-modal regimen 1390 (90.8) 834 (86.9) 556 (97.4)
Opioid Dispensations Post-Discharge N (%) N (%) N (%)
Filled an opioid prescription within 7 days 1070 (69.9) 669 (69.8) 401 (70.2)
Filled an opioid prescription within 30 days 1141 (74.6) 721 (75.2) 420 (73.6)

LError of Omission was defined as a drug that was in the community drug list that was not prescribed at discharge and
for which there was no documented evidence of having been stopped in the medical chart.
2 Therapy duplication was defined as one drug with an active prescription in the community drug list and a second
drug in the same four-digit Anatomic Therapeutic Class (ATC)?® in the discharge prescription, where there was no
evidence in the medical chart that the community drug had been stopped, or that it was to be intentionally continued.
3Unintended dose change was defined as a 25% or more increase or decrease in the prescribed dose of a community

medication that was not documented in the medical chart as a change.
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Table 4-3. Number of adverse-drug events in the 30 days’ post-discharge period according to opioid-related medication error patients

with an opioid prescription at discharge.

Overall Opioid-related Medication Error
n =1530
Yes No
(n= 205, 13.3%) (n = 1325, 86.6%)

Adverse drug event 62 (4.1) 11 (5.4) 51 (3.8)
Definitely preventable 51 (82.2) 8 (72.7) 43 (84.3)
Probably preventable 8 (12.9) 3(1.4) 5(9.8)
Definitely/probably not preventable 3 (4.8) 0(0) 3(5.9)

Table 4-4. Results from propensity-score adjusted model of the association of having an opioid-related medication error at hospital

discharge as compared to no medication error and patients’ healthcare utilization in the 30- and 90-days post-discharge.

Overall Patients Patients Crude ORY, PS- Adjusted
(n =1530) with MEs without MEs 95% CI? OR?3, 95% CI
(n=205, 13.3%) (n = 1325, 86.6%)

Healthcare encounters 30 days’ post- N (%) N (%) N (%)
discharge
ED visits 397 (25.1) 79 (38.5) 318 (24.0) 1.54 (1.20-1.98) 1.18 (0.69 —1.82)
Readmission to hospital 161 (10.2) 48 (23.4) 113 (8.5) 1.96 (1.46 —2.65) 2.32(1.24 —4.32)
ED visit, readmission, death 427 (27.9) 87 (42.4) 340 (25.7) 1.55(1.21-1.98) 1.23(0.76 —1.98)
Healthcare encounters 90 days’ post- N (%) N (%) N (%)
discharge
ED visits 643 (42.0) 119 (58.0) 524 (39.5) 1.59 (1.25-2.01) 1.10 (0.70 — 1.72)
Readmission to hospital 254 (16.0) 71 (34.6) 183 (13.8) 1.86 (1.44 -2.41) 1.10(0.66 —1.84)
ED visit, readmission, death 674 (44.1) 127 (61.9) 547 (41.3) 1.64 (1.29-2.10) 1.05(0.67 —1.65)

L OR = odds ratio
2CI = Confidence interval

% Variables considered in the construction/calculation of the propensity score of having an opioid-related medication error (omission, duplication, dose changes):
1) demographic characteristics: indicator for a patient randomized to the RightRx intervention group, age at admission, sex, 2) medical, prescription and
healthcare use one-year before admission: number of dispensing pharmacies and prescribers, hospitalizations and emergency department visits, the receipt of
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radiotherapy and/or chemotherapy services, history of cancer diagnoses, mental health diagnoses, substance and/or alcohol abuse/dependence, respiratory
diseases, cardiovascular and cerebrovascular diseases, diabetes, previous use of psychotropic medications, 3) in-hospital characteristics: hospital unit discharged
from (medical vs surgical) from, length of hospital stay, opioid administration during the index hospitalization, non-opioid pain medication administration, use of
antidepressant and benzodiazepines, having a non-opioid medication prescribed at discharge, total number of medications prescribed at discharge and the total
number of changes (news, stopped, dose changes) made to medications at discharge.
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Table 4-5. Exploratory analyses of potential predictors of receiving an opioid prescription and

having an opioid-related medication error at discharge.

Variable Adjusted OR* (95%

Cl)?
Opioid Prescription

Adjusted OR
(95% Cl)
Opioid-related
Medication Error 2

Patient Level
Demographics

Age, years
18-35 Reference
35-64 1.38 (1.07 — 1.76)
65-79 2.19 (1.47 - 3.24)
80+ 0.32 (0.16 — 0.59)
Sex
Male Reference
Female 0.92 (0.76 — 1.10)

Hospital unit discharge from

Internal medicine
Cardiac surgery
Thoracic surgery

Reference
0.67 (0.42 -1.09)
453 (3.17 — 6.48)

Electronic reconciliation used

No Reference

Yes 0.37 (0.28 — 0.49)
Length of hospital stay

<6 days Reference

> 6 days 1.03 (0.77 — 1.36)

Health Services Utilization: 1 Year Before Admission
Emergency department visits

0 Reference

1+ 0.72 (0.62 - 0.85)
Hospitalizations

0 Reference

1+ 1.01 (0.88 - 1.16)
Radiotherapy

No Reference

Yes 1.37 (0.85-2.21)
Chemotherapy

No Reference

Yes 2.17 (1.15 - 4.08)

Medication Use: 1 Year Before Admission
Active opioid prescription at admission

No Reference

Yes 1.72 (1.22 - 2.44)
History of opioid use

No Reference

Yes 1.22 (0.88 — 1.66)

Reference
1.38 (0.87 — 2.18)
1.59 (0.81 — 2.98)
2.37 (0.48 - 11.5)

Reference
0.94 (0.62 - 1.42)

Reference
0.41 (0.15-1.01)
0.30(0.12-0.72)

Reference
0.31(0.14 - 0.65)

Reference
0.61 (0.34-1.10)
Reference

1.41 (0.81 — 2.46)

Reference
1.12 (0.74 - 1.69)

Reference
1.57 (0.89 — 2.77)

Reference
0.84 (0.54 -1.29)

Reference
5.15 (3.03 - 8.78)

Reference
NA*
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History of benzodiazepine use
No
Yes
History of antidepressant use
No
Yes
History of analgesics use
No
Yes
Targeted Comorbidities
Mental illness
No
Yes
Pain Syndromes
No
Yes
Cancer Diagnoses
No
Yes
In-Hospital Medication Use
Antidepressants
No
Yes
Opioids
No
Yes
Benzodiazepines
No
Yes
Analgesics
No
Yes
Pain medicine injection
No
Yes

Medications Prescribed at Discharge

Analgesics
No
Yes

Total number of medications prescribed at discharge

0-4
5-6
79
10+

Total number of medication changes at discharge

0-4

Reference
1.02 (0.78 — 1.32)

Reference
0.81 (0.61 - 1.07)

Reference
0.74 (0.58 — 0.96)

Reference
1.17 (0.81 - 1.66)

Reference
1.27 (1.03 - 1.57)

Reference
1.12 (0.90 - 1.39)

Reference
0.60 (0.46 — 0.79)

Reference
17.9 (11.0 - 29.3)

Reference
0.88 (0.12—-1.15)

Reference
1.43(1.14-1.82)

Reference
1.18 (0.86 — 1.62)

Reference
6.51 (4.57 — 9.25)

Reference
0.98 (0.76 — 1.26)
0.92 (0.69 - 1.22)
1.92 (1.37 - 2.69)

Reference

Reference
0.88 (0.48 - 1.63)

Reference
0.98 (0.51 - 1.88)

Reference
0.98 (0.51-1.89)
Reference

1.12 (0.65 — 1.91)

Reference
0.91 (0.55-1.49)

Reference
1.02 (0.63 - 1.66)
Reference

1.06 (0.58 — 1.96)

Reference
0.71(0.23-2.17)

Reference
0.79 (0.43 — 1.45)

Reference
1.38 (0.85 — 2.26)

Reference
1.42 (0.88 — 2.29)
Reference
1.51 (0.83 - 2.74)
Reference
0.72 (0.32-1.62)
0.74 (0.39-1.42)
1.10 (0.48 — 2.53)

Reference
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5-6 0.78 (0.56 —1.08)  0.69 (0.42 — 1.17)
7-9 0.70 (0.49-0.98)  0.71(0.43 - 1.21)
10+ 1.48 (1.09 —2.03)  1.07 (0.57 — 1.99)

1 OR = odds ratio

2Cl = Confidence interval

3 The model was fitted only among patients who had received an opioid prescription at discharge (n=1530).

4 This variable was not included in the model exploring variables potentially predicating medication discrepancies
due to sparseness of data. Since the conceptualization of the main variable of opioid-related medication errors relied
on information of the previous history of patient’s opioid use, all patients with/without a medication error were
previous users of opioids and by definition, there is no patient who was opioid-naive and had a discrepancy in their
opioid medication written at discharge.

Figure 4-1. Flowchart of patients with an opioid prescription at discharge, according to use prior
to admission and after discharge

3486 Patients

1206 (35%) History of Opioid Use 2280 (65%) No History of Opioid Use

536 (44%) Received an 670 (56%) Did not receive an 994 (44 %) Received an 1286 (56 %) Did not Receive an
Opioid Rx at Discharge Opioid Rx at Discharge Opioid Rx at Discharge Opioid Rx at Discharge

|
\

424 (78 %) Filled an Opioid Rx 122 (22%) Filled an Opioid Rx 717 (88%) Filled an Opioid Rx 97 (12%) Filled an Opioid Rx
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Appendix 4- 1. Omissions for control patients (excluding all those with status = “OTHER”) and in intervention patients where
RightRx was not used

CDL tab DRXx tab
Omission Drug in Listed in Taking Drug at Status of drug  New status
CDL Hospital Discharge  at discharge given to drug
=YES/YES, Continue/modif Prescribed/
NO A YES but not as A Isto y prescribed/
prescribed/ “-” p stopped
NO A NO - A New Prescribed
YES - = YES/YES, Not indicated in
Reconciliatio A YES but not as A DELETE
: @ 9 Chart
n Error prescribed/ -
YES -
History Error A NO - - - DELETE
YES - _
Seemingly A YES = NO/Tx - - DELETE
Completed
Intended

Drug in CDL indicates whether or not the medication was in the CDL list (i.e. medications dispensed in 3 months prior to
hospitalization, from RAMQ);

Listed in Hospital represents the variable in the CDL tab of the chart abstraction tool that indicates whether or not the medication was
found in the patient’s chart (given values of YES and NO, respectively);

Taking represents the variable in the CDL tab of the chart abstraction tool that indicates whether or not the patient was taking the drug
at the time of admission; this variable can have values of “YES”, “YES, but not as prescribed”, “Treatment (Tx) completed”, “NO”,

“Not indicated in chart”, or can be missing/blank (which is indicated in this table as “-”);
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Drug at Discharge indicates whether or not the medication was listed in the DRx tab of the chart abstraction tool (“-” in the table
indicates that it was not listed in the DRx tab);
Status of drug at discharge indicates the status the drug was given in the DRx tab of the chart abstraction tool; this variable can have

values of “continue”, “modify”, “stop”, “new”,

table).

(13

not indicated in chart”, or can be missing/blank entirely (represented as “-” in the

New status given to drug indicates the status we will give to drugs in the discharge prescription as it is presented to PADE

pharmacist reviewers; it can take on one of two values, “Prescribed” or “Stopped”. “DELETE” indicates that the medication needs to

be removed from the discharge prescription list presented to pharmacists. N/A = not applicable.

Interpretation of line 1:

IF

1. The patient was control patient who did not have the status of OTHER, and

2. Drug Ais listed in the CDL, and

3. Drug A had a value of “YES” for the Listed in Hospital variable in the CDL tab of the chart abstraction tool, and

4. Drug A had a value of “YES” or “YES, but not as prescribed” for the Taking field in the CDL tab of the chart abstraction tool or
had a missing value for this field, and

5. Drug A was also listed in the DRx tab of the tool, and

6. Drug A was given a status of “continue”, “modify”, or “stop” in the DRx tab of the tool,

THEN this is not an omission, and the drug should be given a status of “prescribed”, “prescribed”, or “stopped” in list presented to

pharmacist reviewers, accordingly.
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Interpretation of line 3:

IF

1. The patient was control patient who did not have the status of OTHER, and

2. Adrug Ais listed in the CDL, and

3. Drug A had a value of “YES” for the Listed in Hospital variable in the CDL tab of the chart abstraction tool, and

4. Drug A had a value of “YES” or “YES, but not as prescribed” for the Taking field in the CDL tab of the chart abstraction tool or
had a missing value for this field, and

5. Drug A was also listed in the DRx tab of the tool, and

6. Drug A was given a status of “not indicated in chart” in the DRx tab of the tool,

THEN this is an omission, due to a reconciliation error, and the medication should be deleted from the list of discharge prescription
medications presented to pharmacist reviewers.

Interpretation of line 4:

IF

7. The patient was control patient who did not have the status of OTHER, and

8. Adrug Ais listed in the CDL, and

9. Drug A had a missing value for the Listed in Hospital variable in the CDL tab of the chart abstraction tool, and
10. Drug A had a missing value for the Taking field in the CDL tab of the chart abstraction tool, and

11. Drug A was also NOT listed in the DRx tab of the tool, or had a missing value in the DRx tab of the tool,

THEN this is an omission, due to a history error, and the medication should be deleted from the list of discharge prescription

medications presented to pharmacist reviewers.
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Appendix 4 -1a. Omissions in control patients with taking = not indicated in chart and in intervention patients where RightRx was
not used

Omission Drug Listed in Drug at Status of Frequency Unitsper Dose (at  New status
in Hospital Taking Discharge  drug at (at intake (at  discharge) given to
CDL discharge  discharge) discharge) drug
Not Not
NO A YES indicated A indicated in  value value - Prescribed
in chart chart
Not Not
NO A YES indicated A indicated in  value - value Prescribed
in chart chart
YES — Not Not - / Not - / Not - / Not
Seemingly A YES indicated A indicated in indicated in indicated in indicated in DELETE
intended in chart chart chart chart chart
YES - Not Not -/ Not -/ Not
Seemingly A YES indicated A indicated in  value indicated in indicated in DELETE
intended in chart chart chart chart
YES - Not Not -/ Not -/ Not
Seemingly A YES indicated A indicated in indicated in value indicated in DELETE
intended in chart chart chart chart
YES — Not Not - / Not - / Not
Seemingly A YES indicated A indicated in indicated in indicated in value DELETE
intended in chart chart chart chart
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Interpretation of line 3:

IF

12. The patient was control patient who had a status of “not indicated in chart” in the Taking field , and

13. A drug A is listed in the CDL, and

14. Drug A had had a value of “YES” for the Listed in Hospital variable in the CDL tab of the chart abstraction tool, and

15. Drug A was listed in the DRx tab of the tool, and

16. Drug A had a status of “not indicated in chart” in the DRx tab as well as in the Frequency, Units Per Intake and Dose fields

THEN this is an omission, that is seemingly intended, and the medication should be deleted from the list of discharge prescription

medications presented to pharmacist reviewers.
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Appendix 4- 1b. Omissions in control patients with status=OTHER and in intervention patients where RightRx was not used

Omission Drug Listed Drug at  Status of drug . . Dose (at New status given
. . . . Frequency (at  Units per intake .
in in Dischar  at discharge discharge) (at discharge) discharge) to drug
CDL Hospital ge g g
NO A NO A New value value - Prescribed
NO A NO A New value - value Prescribed
NO A YES A NOt indicated value value - Prescribed
in chart
NO A YES A NOt indicated value - value Prescribed
in chart
YES - Not indicated - /Not indicated -/ Not indicated -/ Not indicated
Reconciliatio A YES A (ot mdicated -/ vot indicated -/ Not Indicated =/ Mot indicated  nypr prp
in chart in chart in chart in chart
n error
YES - Not indicated / Not indicated - / Not indicated
Reconciliatio A YES A notindicated o ne -/ Notindicated -/ Aot ndicated ey prg
in chart in chart in chart
n error
YES - e Not indicated -/ Not indicated - / Not indicated
Reconciliatio A YES A . . value . DELETE
in chart in chart in chart
n error
YES - Not indicated -/ Not indicated -/ Not indicated
Reconciliatio A YES A . . . value DELETE
N error in chart in chart in chart
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YES -

History Error A NO ) i i i i DELETE
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Appendix 4-1c. Omissions in intervention patients where RightRx was used or partially used

Omission Prug Taking Df'ug at Stat.us of drug New status given to
in Dischar  at discharge dru
CDL ge g
= YES/ YES.’ but Continue/modi Prescribed/Prescribe
NO A not as prescribed/ A
s fy/stop d/ Stopped
NO/ “-
YES -
Seemingly A =Tx Completed - - N/A
Intended
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Appendix 4-2. Therapy Duplications in control patients and in intervention patients where RightRx was not used

Therapy Patient Drug in Listed in [Taking Drug at Status of drug at [New status
duplication? Status CDL Hospital Discharge | discharge given to
drug
A YES =YES/YES, but| A Stop Stopped
not as
prescribed/
NO + OTHER Missing
A NEW Prescribed
A YES =YES/YES, but | A Not indicated in ~ [DELETE
not as chart
YES — Reconciliation . OTHER prc;sgnbed/
Error Missing
A NEW Prescribed
‘ A YES = Not indicated | A Not indicated in ~ [Follow rules
YES - Seemingly in chart chart on page 3
intended if new Any
status=prescribed A NEW Prescribed
A YES =YES/YES, but | A Not indicated in IFollow rules
YES —Seemingly n;)etsil:sribe & chart on page 4
intended if new OTHER presc
= i Missing/ Not
status=prescribed 1 }
indicated in
chart
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A NEW Prescribed
A YES =YES/YES, but| A Continue/modify  [Prescribed
not as
YES — Seemingly 7 OTHER prescribed/
intended Missing
A NEW Prescribed
YES - Seemingly L OTHER A NO Missing A NEW Prescribed
infended A NEW Prescribed
_ A YES = NO/Tx A NEW Prescribed
YES — Seemingly . OTHER Completed
intended
A NEW Prescribed

Appendix 4-2a. Therapy duplications in intervention patients where RightRx was used

Therapy Drug in Listed in Taking Drug at Status of drug at New status given to
duplication? CDL Hospital Discharge discharge drug
A YES =YES/YES, but not as A Stop Stopped
NO prescribed/ Missing
A NEW Prescribed
YES — Seemingly A YES =YES/YES, but not as A Continue/modify Prescribed
intended prescribed/ NO/ Missing
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A NEW Prescribed

YES — Seemingly A YES =Tx Completed A NEW Prescribed

intended A NEW Prescribed

Overall information guiding rationale for definition of omissions (and duplications)
» Every drug in the CDL list in the chart abstraction tool, which is pulled from the RAMQ and modified by chart abstractors
based on patient charts, is transferred over to the DRx tab unless Listed in Hospital = “NO” or Taking = “NO” or “Treatment

Completed”.
* Chart abstractors then compare a patient’s discharge prescription with medications listed in the DRx tab.

» If a medication is in the DRx tab (having been carried over from the CDL tab), but is missing from the discharge

prescription, it is given the status of “Not indicated in chart”

» [faphysician has not accounted for home meds at discharge (variable “resume home meds” = “NO” in chart

abstraction tool), all home meds are given the status “Not indicated in chart” unless otherwise specified in the LG form.

» If chart abstractors did not have access to sufficient sources to identify/properly document CDL meds (i.e. CDL
missing or partially missing, aside from what has been pulled from the RAMQ), patients are given the status “Other”
and all CDL meds pushed over to the DRx tab will be given the status “Not indicated in chart”, even if they have been

listed in the patient’s discharge prescription.
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If a pharmacy fax lists a med as “unfilled” or “not dispensed”, then in the CDL tab this med is labelled taking = “not
indicated in chart” and, when this drug is transferred over to the DRx tab, its status becomes “not indicated in chart”,

whether or not it has been prescribed at discharge
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5. Objective 2

Kurteva S, Abrahamowicz M, Weir D, Gomes T, Tamblyn R. Determinants of Long-Term

Opioid Use in Hospitalized Patients. [Prepared for journal submission]

5.1 Preamble

The second manuscript aimed to provide knowledge as to which patient-, system- and prescriber-
characteristics are associated with the development of long-term opioid use one year post-
discharge. Based on analyses reported in Objective 4, long-term opioid therapy (LTOT) was
defined as 60 days of opioid cumulative use during the follow-up period. Demographic, clinical,
healthcare and prescription claims data were used to retrieve information on various potentially
modifiable factors. Their independent associations with time to LTOT were studied using Cox

proportional hazards model.

This manuscript has been written as a standalone paper for journal submission.
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ABSTRACT

Background: Long term opioid use is an increasingly important problem related to the ongoing
opioid epidemic. Hospitalization has been identified as a risk factor for both initiation of opioids
and long term use, yet particular hospitalization-related risk factors have not been well defined.
The purpose of this study was to identify patient, hospitalization and system level determinants of

long term opioid therapy (LTOT) among patients recently discharged from hospital.

Methods: A cohort of hospitalized patients in Quebec, Canada, who filled an opioid prescription
within 3 months’ post-discharge was assembled. We retrieved data from the provincial health
insurance agency to measure medical service and prescription drug use in the year prior to and
after hospitalization. LTOT was defined as time-varying cumulative opioid duration of > 60 days.
A multivariable Cox Proportional Hazards model was utilized to determine which factors were

associated with time to the first LTOT occurrence.

Results: Overall, 22.4% of the 1,551 study patients were classified as LTOT, who had a mean age
of 66.3 years (SD=14.3) and 52.9% were female. Having no drug copay status (adjusted hazard
ratio (aHR) 1.91, 95% CI: 1.40 — 2.60), being a LTOT user before the index hospitalization (aHR
6.05, 95% CI: 4.22 — 8.68) or having history of benzodiazepine use (aHR 1.43, 95% CI: 1.12 —
1.83) in the year prior to admission were all associated with an increased likelihood of LTOT.
Cardiothoracic surgical patients had a 40% lower LTOT risk (aHR 0.55, 95% CI: 0.31 — 0.96) as
compared to medical patients. In addition, initial opioid dispensation of > 90 milligram morphine
equilants (MME) was also associated with higher likelihood of LTOT (aHR 2.08, 95% CI: 1.17 —
3.69).

Conclusion: Several patient-level characteristics associated with an increased risk of > 60 days of
cumulative opioid use. The results could be used to help identify patients who are at high-risk of
continuing opioids beyond guideline recommendations and inform policies and intervention

programs to curb excessive opioid prescribing.
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5.3 Introduction

LTOT has been associated with an increased risk of opioid-related adverse events. 5096141 While
opioids may be appropriate for short-term treatment for pain, long-term opioid use has not been
shown to improve pain relief. 174950 patients on long-term opioid therapy may become physically
dependent and experience opioid withdrawal symptoms upon treatment cessation. 1’ Therefore,
they may continue opioid therapy as an attempt to resolve their withdrawal symptoms and continue

treatment for reasons other than analgesic benefits.*

The Centers for Disease Control and Prevention (CDC) guideline defines long-term opioid therapy
(LTOT) as use of opioids on most days for more than 3 months %, but in a recent empirical study
we have found that the risk of opioid-related adverse events does not increase considerably beyond
60 days (Appendix 5-D.1.a). 1*2 We observed only moderate increases in risk above 60 days of
cumulative use with no evidence of further impact of durations longer than 100 days of use.

There is a gap in evidence related to determinants of risk of LTOT using this empirically- derived

definition of 60 days.

Previous studies have reported that the most common predictors associated with an increased risk
for LTOT included age 66:6769-71 sex 66.67.69-71 arthritis 626970 race 67.89, the presence of chronic
pain 67:69.70 and mental illnesses such as anxiety and depression. 62677172 Increased LTOT risk was
also observed with certain opioid prescribing/consumption patterns; characteristics of the first
opioid prescription such as opioid doses of >90MME and longer duration (days’ supply). 20:6267.69
However, the evidence regarding the predictors associated with LTOT is limited to the data
elements available in administrative data, such as patient characteristics and prescription
charactertistics in the community, and these databased do not typically have data on medications

used in hospital or discharge information. 53

Hospitalization itself may inadvertently be a risk factor to initiating opioids. ¢’ It could also be a
window of opportunity for in-hospital practitioners to curb prescribing and reduce the risk of
opioid-related morbidity and mortality. However, inadequate communication of changes in
medication at the time of hospital discharge is also a well-established problem. %° As a result,

community physicians may continue opioids started in the hospital, for acute pain relief, as they
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have no information about the treatment indication nor the expected duration of therapy, which

could be an opportunity for reducing unnecessary opioid prescribing. 6061

There is a large variation in prescribing of opioids between providers 43, which is unrelated to
patient characteristics. The association between organizational factors/in-hospital prescriber
characteristics and their contribution to the initiation, maintenance or prevention of LTOT is
poorly understood. In addition, the type of opioid prescribed at hospital discharge varies across
different attending physicians and residents. 44145 This may be due to differences in physician
knowledge regarding pain management strategies as well as variation in attending opioid
prescribing patterns when working alone vs supervising a resident. In addition, certain provider
characteristics such as greater number of years in practice, white race, male sex, as well as
provider’s specialty, have been associated with increased likelihood of prescribing an opioid and
at a higher dose. 145-14° Thus, physician-prescribing behavior for post-discharge analgesia may be
associated with an increased risk of LTOT, with some physicians prescribing opioids beyond what
is required for appropriate pain management and guideline recommendations. In this study, in
addition to patient demographics and medical characteristics, we were able to incorporate
information on provider characteristics to better understand their contribution to the development
of post-discharge LTOT.

Objectives: The purpose of this study was a) to estimate the proportion of hospitalized patients
with LTOT in the one year after hospital discharge, and b) to identify modifiable patient, prescriber

and system-level risk factors for long-term prescription opioid use compared to episodic use.

5.4 Methods

Setting: We carried out a secondary analysis of a cluster-randomized trial on discharge medication
reconciliation conducted at the McGill University Health Centre (MUHC).1% The MUHC is an
over 1000-bed quaternary care teaching hospital in Montreal (Canada) that operates within the
universal health care plan of the province of Quebec (RAMQ). This plan covers all
hospitalizations, and essential medical care for provincial residents. It also provides drug insurance
for registrants 65 years of age and older, income security recipients, and those not insured through

their employer (approximately 50% of the Quebec population). Ethics approval was provided by
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the MUHC Research Ethics Board. Privacy Commissioner approval was obtained to link clinical

and administrative data from the Commission d’accés a I’information du Quebec.

Participants: A prospective cohort of medical and surgical hospitalized patients discharged from
the MUHC between October 2014 and November 2016 were followed 12 months’ post-discharge.
To be eligible for the original trial, patients had to be 18 years of age or older at admission, admitted
from the community or transferred from another hospital, with at least one-year continuous
provincial healthcare coverage prior to hospital admission. To be included in this study, patients
needed to fill at least one opioid prescription during the 90 days following their hospital discharge.

Cohort entry corresponded to the date of the first opioid dispensation.

Data Sources: Multiple data sources were assembled and linked to address the study objectives.
For each patient, demographic, clinical, healthcare use and prescription data were retrieved from
admission notes as well as provincial healthcare administrative databases (RAMQ medical
services and prescription claims) in the year prior to and after the hospitalization, for which the
patient was enrolled. Dates of admission/discharge, admitting/discharge unit, patient
demographics, diagnoses at admission and discharge, major procedures (surgeries, treatment
interventions), were retrieved from the MED-ECHO hospitalization database. Medications at
admission, in-hospital as well as those prescribed at discharge were abstracted from the MUHC
Data Warehouse. This is one of the only databases in the world that links information on
medication use prior to admission, during the hospitalization as well as medications prescribed at

discharge and dispensed in the community post-discharge.
Study Measurements and Predictors of Long-Term Opioid Use:

Long Term Opioid Use (LTOT): Opioid use in the one-year post-discharge period was ascertained
using RAMQ pharmacy administrative claims. For each prescription filled, these claims document
the specific medication using the drug identification number (DIN), strength, dispensing date and
quantity, duration of the prescription, and prescribing physician. DINs that mapped to Anatomical
Therapeutic Chemical Classification System (ATC) codes NO2A, RO5DA were used to identify

opioids (see Appendix 5-A for opioid inclusion criteria and dose calculation). Duration of opioid

use was based on the number of days of medication supplied in each dispensed prescription. A
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drug-by-day matrix was created for each patient, for the 12 months following discharge, using the
date and duration of each opioid prescription. On each day, an individual was classified as having
a dispensed supply of an opioid available or not. As definitions of LTOT vary in different studies,
standardized and evidence-driven definitions are needed. 52 In our recent study, the estimated non-
linear effect of cumulative opioid duration showed no further increases in risk of opioid-related
adverse events beyond 2 months of use (Appendix 5-D.1.a). **? Thus, in this study we used this
empirically-defined 60 days’ threshold to define LTOT.

Patient-Related Characteristics: Patient demographic characteristics and comorbidities are
important modifiers of a patient’s health condition and have been associated with increased risk of
opioid-related morbidity and mortality. 66670 Socioeconomic status, which has also been
hypothesized to be related to important risk factors for long-term opiate use, was measured by
using income-indexed information on the patient’s copay status in the RAMQ drug program.
Information on age at admission, and sex was extracted from hospital charts. Pain disorders, cancer
diagnosis, mental health diagnoses, and conditions associated with abuse were measured at the
time of hospital admission and during the hospital stay as fixed-in-time covariates identified by
using ICD-9 from medical service claims and ICD-10 codes from hospitalization data. Other co-
existing illnesses were measured and adjusted for using the Charlson comorbidity index (CCl),
using unformation collected during the one-year baseline period (see Appendix 5-B for a full list

of covariates included in the model).

Drug and Healthcare Utilization: Drug and healthcare utilization are important measures involved
in key pathways linking opioid prescribing patterns and risk of prescription opioid harm.
Psychoactive drugs such as antidepressants, benzodiazepines, Z-drugs or antipsychotics, when
used together with opioids, have been associated with an increased risk of opioid-dependency and
rates of adverse events. 527276 Using RAMQ medical services databases in the one year prior to
admission, we measured previous number of emergency department (ED) visits, hospitalizations

as well as the distinct number of prescribing physicians.

Medication Use and Hospitalization Characteristics: Opioid and non-opioid (NSAIDs, COX2
inhibitors, gabapentin, acetaminophen) medications administered as part of the in-hospital pain

regimen as well as other medications such as antidepressants and benzodiazepines, which may
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increase patients’ risk of becoming long-term opioid users were extracted from the hospital
pharmacy system using corresponding ATC codes. Use of these medications prior to admission
was identified using RAMQ pharmacy administrative claims. For surgical patients, information
on the type of surgery received (thoracic vs upper-gastrointestinal) was retrieved from the MED-
ECHO hospitalization database.

Prescribing Physician and System-level Characteristics: Information on the attending physician’s
gender, language, training status (resident, attending physician) and number of years since
licensure were abstracted from the patient medical chart, the medication reconciliation software

databases and the hospital data warehouse.

Opioid Discharge Prescription and Initial Dispensation: Treatment changes made to opioid
medications from the community were evaluated by using data retrieved from patients’ discharge
prescriptions in comparison to their community drug list. A categorical variable for whether a
given opioid was stopped, continued or newly prescribed was derived. A binary variable for the
presence of an opioid as part of the discharge pain regimen was constructed: patients with newly
added or continued opioids were flagged as having an opioid prescription. In addition, dose,
duration and type of initial opioid dispensed (e.g. oxycodone, hydromorphone) were extracted
from the RAMQ pharmacy claims.

Statistical Analyses: Descriptive statistics were used to compare LTOT patients versus episodic
users with respect to patient, provider and hospital unit characteristics. Main analyses relied on
time-to-event methodology. *°°A multivariable Cox Proportional Hazards (PH) model was utilized
to determine which factors were associated with the development of LTOT within the one year
post-discharge period. Start of follow-up corresponded to the date of the first opioid dispensation.
End of follow-up corresponded to the day when the patient first met the criteria for LTOT, or to
right censoring at the end of follow-up or death, whichever came first. Moreover, since a patient
is considered exposed based on periods of medication possession, patients were temporarily
censored during subsequent hospital admissions as opioid use during hospitalization was not
available if admitted to non-MUHC hospitals. Since the goal of the analyses was to explore the
independent associations of various factors potentially related to LTOT, all a priori selected

covariates were retained in the model. In addition, since patients could have subsequent
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hospitalizations and emergency department visits that could influence their risk of LTOT, a time-
varying variable for the cumulative number of past post-discharge hospitalizations and ED visits,
updated during the follow-up period, was included to adjust for any changes made to patient’s
medications influenced by subsequent hospital re-admissions and emergency department visits.
We tested the PH assumption and, for continuous covariates their possibly non-linear relationships
with the logarithm of the hazard using the flexible spline-based extension of Cox model. *°! For
each covariate, the results were presented as adjusted hazard ratios (HR), with 95% confidence

intervals (CI).

Sensitivity Analyses: To account for the fact that patient medications and medical history
(comorbidities) would most likely change over the course of one year, in sensitivity analyses,
updated information on selected co-morbidities was represented by additional time-varying
covariates. In addition, we adjusted for a time-varying count of number of distinct prescribers,
from discharge until a given day, updated during the follow-up. This was done to assess if and
how the hazard of LTOT may vary with increasing number of prescribers - an indicator of
fragmentation in care which which may be due to increased opioid seeking behavior and increasing
dependence. 4446 These analyses were additionally adjusted for a time-varying indicator of being
currently exposed to >2 opioid products. Moreover, to account for the fact that the association of
interest may vary depending on previous opioid use, we stratified the analyses by (i) previous
LTOT and (ii) new opioid users. For these stratified analyses, due to small sample sizes within
each stratum, variable selection was necessary and was based on a combination of substantive
knowledge and backward selection. All MSM Cox PH models were implemented with SAS
version 9.4 (SAS Institute, Cary, NC). All non-lineaar relationships were tested using customized
programs in R, including the CoxFlex function for NL/TD effects and the WCE package. 152

5.5 Results

Overall, 1511 patients were discharged alive from study units and filled an opioid prescription
within 3 months’ post-discharge. The proportion of patients who went on to become LTOT by
accumulating more than 60 days’ supply of opioids was 22.4% (n=338) (Table 5-1), for the
incidence rate of 26.8 (95 % CI: 24.0 — 29.9) per 100 person-years. Among those 338 patients, the
mean time to LTOT was 115.5 (SD = 76.8) days. As compared to episodic opioid users, LTOT
patients had higher mean starting daily opioid doses (42.0 vs 33.8 MME). LTOT patients also had
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higher mean-over-time daily doses during the follow-up (57.4 vs 35.7 MME) (Table 5-1).

Figure 5-1 shows the breakdown of patients with respect to their previous history of opioid use,
opioid administration during the hospitalization and the receipt of an opioid prescription at hospital
discharge. Among patients who filled at least one opioid dispensation three months’ post-
discharge, more than half were opioid-naive with no history of documented opioid use one year
prior to their admission (=884, 58.5%). Almost one third of all patients (n=627, 41.5%) who
simultaneously met the following 3 criteria: 1) filled a opioid prescription within three month’s
post-discharge, 2) were previous users, and 3) were administered an opioid during the index

admission, did not receive an opioid at discharge (n=158, 27.2%)

The average age for LTOT patients was 66.3 (SD = 14.3) and more than half were female (179,
52.9%) (Table 5-2). As compared to episodic users, LTOT patients were more likely to have no
drug copay status as they were income security recipients (32.8% vs 15.0%). Among all patients
who later became LTOT users in a post-discharge year, 41.7% met the definition of a LTOT user
in the year prior to admission (in contrast to only 4.3% among the episodic users). In the year prior
to admission, LTOT patients were more likely to have used benzodiazepines, antidepressants or
other non-opioid analgesics, have had a history of mental illness, pain syndromes and higher CCI,
and were more likely to be non-surgical patients (61.2% vs 25.3%), less likely to receive an opioid
prescription at discharge (65.7% vs 82.4%), and more likely to have more than a 7-day supply on

their first dispensation post-discharge (Table 5-2b).

In multivariable analysis, patients who had no copayment status had almost twice higher hazard
of becoming LTOT users as compared to patients who had a ‘full’ copay drug insurance status
(@HR 1.91, 95% CI: 1.40 — 2.60). As expected, patients who were previous LTOT users were
several times more likely to also meet the criteria for LTOT in one-year post-discharge (aHR: 6.05,
95% ClI: 4.22 — 8.68). History of benzodiazepine use (aHR: 1.43, 95% CI: 1.12 — 1.83), having a
higher CCI (aHR: 1.77, 95% CI: 1.06 — 2.98)) and a starting daily opioid dose of >90 MME (aHR:
2.08, 95% CI: 1.17 — 3.69) were all independently associated with increased likelihood of
becoming a LTOT user. Having undergone cardiothoracic surgery, as compared to internal
medicine patients, was associated a 45% lower risk of LTOT in the post-discharge period (aHR
0.55, 95% CI: 0.31 — 0.96).
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Results from sensitivity analyses that adjusted for selected time-varying characteristics were
generally similar, with a few exceptions. First, we found an association between recent cancer
diagnoses and the risk of LTOT, showing an increased risk (aHR: 1.39, 95% CI: 1.07 — 1.81)
(Appendix 5-C.1). Second, after having adjusted for a time-varying count of distinct prescribing
physicians and an indicator for using >2 opioid products, there was a 34% increased risk of LTOT
use associated with having an initial days’ supply of >7 days (aHR: 1.34, 95% CI: 1.05 — 1.72).
Finally, having between 2 and 3 prescribing physicians led to more than doubling in the risk of
becoming a LTOT user, relative to patients with only 1 prescriber (aHR: 2.43, 95% CI: 1.85 —
3.19) (Appendix 5-C.2). In stratified analyses, out of all opioid-naive patients (n=1050), 117
(11.1%) went on to become LTOT users. On the other hand, among patients who were LTOT users
in the year pror to admission (n=192), only 68 (35.4%) were LTOT during the follow-up period.
The risk of LTOT was 54% higher among patients with a history of pain syndromes compared to
patients with no history (aHR: 1.54, 95% CI: 1.01 — 2.23) (Appendix 5-C.4). The risk of LTOT
was more than doubling when initial days’ supply post-hospitalization exceeded >7 (aHR: 2.62,
95% CI: 1.52 — 4.53).

5.6 Discussion

Our study showed that 22.4% of hospitalized patients were characterized as LTOT users,
accumulating more than 60 days of opioid use in the one-year after discharge. There was an
increased risk of LTOT among patients with no drug copay status, history of opioid use, history
of benzodiazepine use, higher comorbidity index and higher starting daily dose in the first opioid
prescription dispensed post-discharge, whereas, surgical compared to medical patients had a
decreased risk of LTOT.

Other studies have also confirmed that previous opioid use leads to greater risks of developing
LTOT. 666972 previous research, which used the more conservative, 90-day definition of LTOT,
also found that mental health diagnoses, history of pain diagnoses and benzodiazepine use to be
associated with an increased the risk of LTOT. 666769 [n our study, these patients’ characteristics
were also associated with an increased risk, albeit some of these associations were non-
significant. Having the first opioid prescription written by an in-hospital prescriber was not
associated with an increased risk of LTOT. In addition, it has been frequently argued that

prescribing behavior and characteristics of physicians may contribute to the opioid epidemic.
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153,154 In our study, however, none of the physicians’ characteristics such as years of practice, sex
or having a resident approve the discharge prescription were associated with greater risks of
LTOT post-discharge. One study found that LTOT patients of residents were more likely to
receive early refills following their primary care clinic visits when compared to attending
physicians’ patients. 144 Another report has found no significant association between having a
resident physicians and opioid misuse. 1 In our study, the lack of difference in risk of LTOT
associated with the status of the in-hospital prescriber might be attributed to the fact that
residents provided similar care with respect to opioid prescribing when compared to attending
physicians because they are being trained and monitored by the same physicians. These findings,
which reflect opioid prescribing by the in-hospital physician, show that in-hospital prescribers
may have the opportunity to reduce the occurrence of prolonged opioid use by providing patients

with adequate pain treatment strategies, without contributing to the development of LTOT.

We found that initial post-discharge dose and days’ supply of the opioid dispensation both lead
to an increased likelihood of transitioning into LTOT, with initial doses having a greater impact
on the risk of LTOT than opioid days’ supply in the main analyses. As previously reported ¢,
among patients who became LTOT users, we also observed escalation in doses during the
follow-up, leading up to their development of LTOT, which was not the case for episodic users.
Previous research has also found that both initial dose and duration of opioid use were associated
with an increased risk of LTOT. 192L106A few of the studies, which examined the initial opioid
prescription characteristics and the likelihood of long-term opioid use, found initial duration of
use to be associated with a higher likelihood of LTOT than initial doses. 2115 We observed a
similar trend in stratified analyses, when looking at the risk among previous LTOT users only.
However, similar to other studies, opioid dose was associated with greater increases in risk of
LTOT for opioid-naive patients. 6267 These findings suggest that limiting and selecting an
optimal initial opioid duration may be more important than initial dose to reduce the risk of
subsequent opioid use, especially for previous opioid users. Moreover, initial opioid exposure

characteristics should be used to profile patients who might be at risk of transitioning into LTOT.

This study’s strength is its ability to link data on medication use prior to admission, during the

hospitalization and dispensations post-discharge. Using multiple data sources, such as
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administrative prescription and medical services claims as well as clinical information, enhances
the internal validity of the study by providing detailed covariate information. This allowed us to
consider not only patient-, but also provider- and system-level predictors of LTOT. Accounting
for any healthcare services use during the follow-up period and including measures such as number
of unique prescribing physicians allowed us to examine the effect of poor coordination of care,
flare-ups and complications requiring walk-in and ED visits, on the risk of LTOT. We also
assessed the impact of any new conditions or diagnoses recorded post-discharge that may impact
the risk of LTOT by time-updating these indicators. The risk for continued opioid use has been
considered as a central component of quality care assessment. 137158 Measuring and defining LTOT
is key to understanding potential risk factors, monitoring prevalence and incidence of LTOT, and
potentially improving clinical practices. 1 Yet, in previous studies, arbitrarily-defined measures
of LTOT were used without addressing the appropriateness of their cut-offs. In this study, we apply
a novel and evidence-driven approach to defining LTOT, which selected cumulative duration of
60 days as the primary definition. This was based on our previous findings examining the impact
of various opioid-consumption patterns and the risk of opioid-related adverse events. 42In
addition, definitions in previous studies did not incorporate prescription characteristics such as fill
date and days’ supply and only relied on having prescriptions filled during a specified window.
69,160-163 |n this study, we used a time-varying definition of cumulative opioid duration constructed
based on days’ supply and fill dates of the opioid prescriptions. This allowed us to account for
gaps between prescriptions and overlapping dispensations, and capture more accurately consistent

opioid use.

Some limitations of our work merit emphasis. First, in our analyses, we used prescription duration
as recorded by the pharmacist, but since opioids are usually prescribed on a prn basis, exposure
mismeasurement is possible. We did not capture actual opioid consumption. Nevertheless,
subsequent opioid prescription fills are suggestive of patient’s continual opioid consumption.
Moreover, a consistent limitation across all opioid research using administrative datasets,
including this one, is the inability to account for non- prescription opioid use. However, a study
conducted in a similar cohort of universally covered patients in the province of Quebec found older
adults to be less likely to experience an opioid overdose and seek illicit opioids as compared to
younger people. %4 Most patients in this study cohort were 64 years of age or older and thus, we

expect illicit use to have little impact on the main findings. Future research should use consistent
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and evidence-driven definitions of LTOT was well as data from multiple healthcare systems to
incorporates measures on patients’ healthcare providers and practice environments and replicate
our findings in larger populations cohorts. In addition, definitions of LTOT should be validated
with patient self-reports. There is also a possibility of residual confounding due to unmeasured
confounders, such as pain severity. Our decision to include only patients with at least one opioid
dispensation post-discharge, as well as to include time-varying measures of selected comorbities
and patient’s healthcare utilization, which reflect changes in patient’s physical condition, disease
progression and comorbidity profile, reduces concerns about potential bias due to confounding by

indication.

5.7 Conclusion

We found increases in the risk of chronic opioid use with multiple patient-level characteristics
such as patients with no drug copay status, surgical patients, patients with history of opioid use,
history of benzodiazepine use, higher comorbidity index and higher starting daily dose in the first
opioid prescription dispensed post-discharge. Quantifying factors associated with the development
of LTOT post-discharge is an important step in identifying and targeting patients who need more

frequent clinical vigilance and better pain treatment strategy.
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Table 5-1. Comparison of average daily and starting opioid dose between episodic and long-term

opioid users by number of cumulative and number of continuous days of use to define long term
use.

Number of Time to Average Daily  Average Starting
People Long-Term Dose (MME) Dose (MME)
Use (Mean, Mean, SD Mean, SD
SD)
Cumulative >60 days’ supply of
opioids
Episodic Opioid Users 1173 343.0 (69.6) 35.7 (27.4) 33.8 (22.7)
Long-Term Opioid Users 338 115.5(76.8) 57.4(76.5) 42.0 (44.9)

Figure 5-1. Flowchart of patients’ history of opioid use prior to admission, during the
hospitalization, at hospital discharge and 3 month’s post-discharge
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Table 5-2a. Characteristics of long term opioid users’ vs episodic opioid users based on
cumulative opioid >60 days’ supply of opioids to define long-term use

Long-term Episodic Opioid
Opioid Users Users
n=2338(22.4%) n=1173(77.6%)

Patient Demographics

N (%) N (%)

Age

Mean (SD) 66.3 (14.3) 67.0 (13.0)
<64 128 (37.9) 360 (30.7)
>64 210 (62.1) 813 (69.3)
Sex

Female 179 (52.9) 449 (38.3)
Male 159 (47.0) 724 (61.7)
Drug copay status

None 111 (32.8) 176 (15.0)
Partial 76 (22.5) 249 (21.2)
Full 151 (44.7) 748 (63.8)
Healthcare and Medication Use: One Year Before Admission

N (%) N (%)

Emergency department 98 (29.0) 406 (34.6)
visits/Hospitalizations

Opioid use

No use 125 (36.9) 935 (79.1)
Episodic use (1-60 days) 72 (21.3) 187 (15.9)
Long-term opioid use (> 60 days) 141 (41.7) 51 (4.3)
Benzodiazepine use 178 (52.7) 333 (28.4)
Antidepressant use 140 (41.4) 201 (17.1)
Non-opioid pain medications use 198 (58.6) 355 (30.3)
Comorbidities

Mental illness/Substance & alcohol abuse 80 (23.7) 153 (13.0)
Charlson Comorbidity Index

0 24 (7.1) 195 (16.6)
1-2 97 (28.7) 438 (37.3)
>3 217 (64.2) 540 (46.0)
Characteristics Measured During the Hospitalization

Medications Administered

Opioids 300 (88.8) 1120 (95.5)
Non-opioid pain medications 226 (66.9) 885 (75.4)
Type of Surgery Received

No surgery 207 (61.2) 297 (25.3)
Cardiothoracic 45 (13.3) 469 (39.9)

100



Gastrointestinal 7(2.1) 45 (3.8)
Thoracic 69 (20.4) 308 (26.3)
Unrelated 10 (3.0) 54 (4.6)
Admission to the ICU 29 (8.6) 169 (14.4)
Hospital Discharge Prescription

Pain Regimen

Opioid prescription coming from the in- 222 (65.7) 967 (82.4)
hospital prescriber

Treatment Indication

Surgery 131 (39.8) 876 (74.7)
Cancer 268 (79.3) 966 (82.4)
Pain Syndromes 222 (65.7) 735 (62.7)
System Level Characteristics

Years of Practice

0-20 104 (30.5) 229 (19.5)
20-40 164 (48.5) 808 (68.9)
>40 70 (20.7) 136 (11.6)
Sex

Male 247 (73.3) 1046 (89.8)
Female 90 (26.7) 117 (10.1)
Pharmacist on the Discharging Unit 227 (67.2) 674 (57.5)
Discharge Prescription Signed By

Attending physician 93 (27.5) 217 (18.5)
Resident 245 (72.5) 956 (81.5)
Hospital Discharge Destination

Home 325 (96.2) 1153 (98.3)
Long-term care facility 13 (3.8) 20 (1.7)

Note: 174 people died during the follow-up, which is one year since their first opioid

dispensation within 3 months’ post-discharge. These patients were censored at the time of death.

Table 5-2b. Characteristics of the first opioid dispensation within 90 days’ post-discharge

Long-term
Opioid Users
n = 338 (22.4%)

Episodic Opioid

Users

n = 1173 (77.6%)

Type of Opioid Dispensed
Codeine

Hydromorphone

Morphine

Oxycodone

Fentanyl

MME Dose

21 (6.2)
138 (40.8)
24 (7.1)
136 (40.2)
18 (5.3)

26 (2.2)
281 (23.9)
44 (3.8)
816 (69.6)
4(0.3)
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<20 101 (29.9) 316 (26.9)
20-50 169 (50.0) 707 (60.3)
50-90 44 (13.0) 142 (12.2)
>90 24 (7.1) 8(0.7)
Days’ Supply

<7 123 (36.4) 660 (56.3)
>7 215 (63.6) 513 (43.7)

Table 5-3. The association between patient, medication and system-level characteristics and time

to long term use within the one-year post-discharge.

Hazard 95% ClI
Ratio

Patient Characteristics
Age

<64 Reference Reference
>64 1.19 0.88 - 1.60
Sex

Male Reference Reference
Female 1.22 0.97 -1.55
Drug copay status

Full Reference Reference
Partial 1.12 0.82-1.52
None 1.91 1.40 - 2.60
Healthcare and Medication Use: One Year Before Admission

Emergency department

visits/hospitalizations

0 Reference Reference
>1 0.93 0.72-1.21
Opioid use

No use Reference Reference
Episodic use (1-60 days) 1.94 1.43-2.69
Long-term opioid use (> 60 days) 6.05 4,22 — 8.68
Benzodiazepine use

No use Reference Reference
Use 1.43 1.12-1.83
Antidepressant use

No use Reference Reference
Use 1.20 0.92 -1.58
Non-opioid medications use

No use Reference Reference
Use 1.21 0.92 -1.57

Comorbidities

Mental illness/Substance & alcohol use

disorder
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No Reference Reference
Yes 1.04 0.78 - 1.39
Charlson Comorbidity Index
0 Reference Reference
1-2 1.54 0.94-251
>3 1.77 1.06 —2.98
Characteristics Measured During the Hospitalization
Medications Administered
Opioids
No Reference Reference
Yes 1.15 0.73-1.83
Non-opioid pain medications
No use Reference Reference
Use 0.60 0.37-1.02
Type of Surgery Received
No surgery Reference Reference
Cardiothoracic 0.55 0.31-0.96
Gastrointestinal 0.81 0.34-1.93
Thoracic 0.88 0.53-1.47
Unrelated 0.64 0.30-1.39
Hospital Discharge Prescription
Pain Regimen
Opioid prescription coming from the
in-hospital prescriber
No Reference Reference
Yes 0.87 0.67-1.14
Treatment Indication
Cancer
No Reference Reference
Yes 1.01 0.74 -1.38
Pain Syndromes
No Reference Reference
Yes 1.23 0.96 — 1.59
System Level Characteristics
Attending Physician Characteristics
Years of Practice
0-20 Reference Reference
20-40 1.13 0.83-1.54
>40 1.21 0.83-1.77
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Sex

Male Reference Reference
Female 0.99 0.71-1.39
Language

English Reference Reference
French 1.05 0.77-1.43
Discharge Prescription Signed By

Attending physician Reference Reference
Resident 0.95 0.73-1.25
Hospital Discharge Destination

Home Reference Reference
Long-term care facility 1.06 0.58 — 1.96
System Level Characteristics

Type of Opioid Dispensed

Codeine Reference Reference
Hydromorphone 0.78 047-1.31
Morphine 0.78 0.40-1.44
Oxycodone 0.68 0.39-1.17
Fentanyl 0.85 0.39-1.86
MME Dose

<20 Reference Reference
20-50 1.00 0.75-1.35
50-90 0.99 0.65-1.52
>90 2.08 1.17 - 3.69
Days’ Supply

<7 Reference Reference
>7 1.21 0.95-1.56

Note: All results obtained using a Cox Proportional Hazards Model. All variables were included in the model.
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Appendix 5-A. Codes Used for Drug Classification

ATC codes used to identify opioids: NO2A (opioids), RO5DA (opium alkaloids and derivatives)
Exclusions: Not all drug forms were included in the analyses. Only patches and tablets of these
medications were kept. Injectable, liquid and rectal forms were excluded. Methadone and
buprenorphine/naloxone combinations were kept to define subclinical patient populations but
were excluded from all dosing/duration calculations as these medications are used to treat
addiction and we want to focus on the association of duration/dose of opioids used for pain
relief.

Appendix 5-A.1. Opioid Morphine Equivalent Conversion Factor *

Drug Name Conversion Factor
Buprenorphine patch’ 12.6
Buprenorphine tab or film 10
Butorphanol 7
Codeine 0.15
Dihydrocodeine 0.25
Fentanyl buccal or SL tablets, or Iozenge/troche3 0.13

. 4

Fentany! film or oral spray 0.18
Fentanyl nasal spray’ 0.16
Fentanyl patch6 1.2
Hydrocodone 1
Hydromorphone 4
Levorphanol tartrate 11
Meperidine hydrochloride 0.1
Methadone 3
Morphine 1
Nalbuphine 1
Opium 1
Oxycodone 1.5
Oxymorphone 3
Pentazocine 0.37
Tapentadol 0.4
Tramadol 0.1

! Centers for Disease Control and Prevention, Atlanta, GA, May 2014,
2 The MME conversion factor for buprenorphine patches is based on the assumption that one milligram of parenteral buprenorphine
is equivalent to 75 milligrams of oral morphine and that one patch delivers the dispensed micrograms per hour over a 24-hour day.
Example: 5 ug/hr buprenorphine patch * 24 hrs = 120 ug/day buprenorphine = 0.12 mg/day buprenorphine = 9 mg/day oral
morphine milligram equivalent. In other words, the conversion factor not accounting for days of use would be 9/5 or 1.8. However,
since the buprenorphine patch remains in place for 7 days, we have multiplied the conversion factor by 7 (1.8 X 7 = 12.6). In this
example, MME/day for four 5 pg/hr buprenorphine patches dispensed for use over 28 days would work out as follows: Example:
5 ug/hr buprenorphine patch * (4 patches/28 days) * 12.6 = 9 MME/day.
3 The MME conversion factor for fentanyl buccal tablets, sublingual tablets, and lozenges/troche is 0.13. This conversion factor
should be multiplied by the number of micrograms in a given lozenge/troche.
4 The MME conversion factor for fentanyl film and oral spray is 0.18. This reflects a 40% greater bioavailability for films compared
to lozenges/tablets and 38% greater bioavailability for oral sprays compared to lozenges/tablets.
5 The MME conversion factor for fentanyl nasal spray is 0.16, which reflects a 20% greater bioavailability for sprays compared to
lozenges/tablets.

6The MME conversion factor for fentanyl patches is based on the assumption that one milligram of parenteral fentanyl

is equivalent to 100 milligrams of oral morphine and that one patch delivers the dispensed micrograms per hour over a
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24 hour day. Example: 25 ug/hr fentanyl patch * 24 hrs = 600 ug/day fentanyl = 60 mg/day oral morphine milligram

equivalent. In other words, the conversion factor not accounting for days of use would be 60/25 or 2.4. However, since

the fentanyl patch remains in place for 3 days, we have multiplied the conversion factor by 3 (2.4 X 3=7.2).
In this example, MME/day for ten 25 pg/hr fentanyl patches dispensed for use over 30 days would work out as
follows: Example: 25 ug/hr fentanyl patch * (10 patches/30 days)* 7.2 = 60 MME/day.

Sources:

1) Centers for Medicare & Medicaid Services. Opioid Oral Morphine Milligram Equivalent (MME) Conversion Factors.
https:\\www.cms.govMedicarePrescription-Drug-CoveragePrescriptionDrugCovContraDownloadsOpioid-Morphine-
EQConversion-Factors-vFeb-.pdf. Accessed: September 5, 2019

2) Svendsen, K., Borchgrevink, P., Fredheim, O., Hamunen, K., Mellbye, A., & Dale, O. (2011). Choosing the unit of
measurement counts: the use of oral morphine equivalents in studies of opioid consumption is a useful addition to
defined daily doses. Palliative Medicine, 25(7), 725-732. http://doi.org/10.1177/0269216311398300

Appendix 5-B. Inclusion of Covariates and Their Assessment in the Cox Proportional Hazards

Models

Appendix 5-B.1. Description of available data on drug, patient, provider and system level

characteristics

Description

Opioid-related Characteristics

Opioid Dispensations

ATC code

Dose

Duration

Type of opioid

Anatomical Therapeutic
Chemical Classification
System code used to identify
opioids and other concurrent
medications that the patient is

taking

Opioids ATC Included:

NO2A, ROSDA

The daily amount of drug
taken by patient will be

calculated based on

information about the number
of tablets prescribed, strength
and number of days’ supply;
daily dose will be converted to

milligram morphine

equivalents to facilitate
comparisons across opioids.
The days’ supply on the drug
claim as entered by the

pharmacist

Type of opioid ingredient.
E.g; Hydromorphone,
oxycodone, morphine,

fentanyl, etc.

Measurement

RAMQ
prescription
claims.

From RAMQ
prescription
claims

From RAMQ
prescription
claims

From RAMQ
prescription
claims

Timing of
Measurement

In the community
one year prior to
admission and one
year post-discharge

In the community
one year prior to
admission and one
year post-discharge

In the community
one year prior to
admission and one
year post-discharge
One year post-
discharge

Functional
Form

N/A

Continuous,
categorical,
time-varying

Continuous,
categorical,
time-varying

Categorical,
time-varying
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Opioid Administration in Hospital

ATC code

Anatomical Therapeutic
Chemical Classification
System code used to identify
administered opioids

Opioid Prescription at Hospital Discharge

Status of opioid
medication

Reason for opioid
prescribing

Presence of a multi-
modal pain

management regimen

Continued or stopped from
community, newly prescribed
at discharge

Pain-related including having
had surgery as well as other
diagnoses such as having a
cancer or a pain syndrome
diagnose

The opioid prescription at
hospital discharge was part of
multi-modal pain treatment
regimen

Patient-level Characteristics

Demographics
Age

Sex

Drug insurance status

Co-Existing Illnesses

History of mental
health conditions

Pain syndromes

Male, Female

E.g.; Full copay, partial copay,
no copay Serves as proxy for
socio-economic status.

E.g.; Anxiety, depression,
psychiatric diagnosis, mood
disorder, and post-traumatic
stress disorder

E.g.; Chronic back pain, back
and neck pain, back disorder,
arthritis, migraine, headache,
fibromyalgia, fracture

Hospital
pharmacy

From patient
chart

From patient
chart

From patient
chart

From patient
chart
From patient
chart
From RAMQ

drug programs

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from

hospitalization

data

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from

hospitalization

data

In hospital

At hospital
discharge

In-hospital

At hospital
discharge

Admission to
hospital
Admission to
hospital
Admission to
hospital

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

Categorical

Categorical,
time-fixed

Categorical,
time-fixed

Categorical,
time-fixed

Continuous,
time-varying
Binary, time-
fixed
Categorical,
time-fixed

Binary per
condition,
time-varying

Binary per
condition,
time-varying

107



Health conditions

Associated with abuse

Cancer diagnosis

Other comorbidities

E.g.; Alcohol abuse, drug
abuse

E.g.; Metastatic, Non-
metastatic, Lymphoma

E.g.; Acute MI,
cerebrovascular diseases,
chronic kidney, COPD,
diabetes, heart failure,
hypertension, ischemic heart
disease, liver, obesity

Drug and Healthcare Utilization

Use of potential
interacting drugs

increasing the risk of

opioid misuse

Use of non-opioid pain

medications

E.g.; Selective serotonin
reuptake inhibitors, other
antidepressants,
benzodiazepines, other
antipsychotic drugs, central
nervous system depressants,
psychotropic medication

E.g.; NSAIDS, COX-2,
Acetaminophen, Gabapentin,
anti-migraine medications,
muscle-relaxants, other anti-
inflammatories and anti-
rheumatoid medications

From patient
chart. Also
from RAMQ
medical series
and
prescription
claims

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ATC codes,
DIN, Generic
Drug name
used to extract
information
from RAMQ
prescription
claims,
hospital data,
patient chart.
ATC codes,
DIN, Generic
Drug name
used to extract
information
from RAMQ
prescription
claims,
hospital data,
patient chart.

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in-
hospital, post-
discharge

In community one
year prior to
admission, in-
hospital, post-
discharge

Binary per
condition,
time-varying

Binary per
condition,
time-varying

Binary per
condition,
time-varying

Binary per
drug, time-
varying

Binary per
drug, time-
varying
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Number of ED visits

and hospitalizations

Number of physicians

Total number of ED visits and
hospitalizations

Number of unique prescribing
physicians

Other Patient Drug Behavior Characteristics

Time since hospital
discharge

Add-on opioid

The time elapsed between
patent’s hospital discharge
and their first opioid
dispensation

Recent add-on of another
opioid type in the past 2
weeks

In-hospital Characteristics

Hospital patient is
admitted to
Hospital unit the

patient is admitted to
Discharge destination

Montreal General or Royal
Victoria hospital
Medical or surgical unit

Home community, long term
care

Attending Physician Characteristics

Years of practice

Sex

Language

Discharge prescription

signed by

Number of years practiced
since graduation from medical
school

Male, Female

Home community, long term
care

Attending physician vs
resident

From RAMQ
prescription
claims and
hospital data
From RAMQ
medical
services

From RAMQ
prescription
claims and
hospital data
From RAMQ
medical
services

From hospital
chart
From hospital
chart
From hospital
chart

From hospital
chart, Collége
des médecines
du Quebec
From hospital
chart

From hospital
chart

From hospital
chart

One year prior to
hospital admission
& one year post-
discharge

One year prior to
hospital admission
& one year post-
discharge

One year post-

discharge

One year post-
discharge

Upon admission to
the hospital

Upon admission to
the hospital

Upon discharge

Upon discharge

Upon discharge
Upon discharge

Upon discharge

Categorical,
continuous,
time-varying

Categorical,
continuous,
cumulative
time-varying

Continuous,
time-fixed

Categorical,
time-varying

Binary, time-
fixed
Binary, time-
fixed
Binary, time-
fixed

Categorical,
time-fixed

Binary, time-
fixed
Binary, time-
fixed
Binary, time-
fixed
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Appendix 5-C. Sensitivity analyses

Appendix 5-C. 1. Sensitivity analyses including selected time-varying characteristics in the

model.
HR 95% CI

Non-opioid pain medications use

No Reference Reference
Yes 1.39 0.97-1.82
Benzodiazepine use

No Reference Reference
Yes 0.81 0.44 -1.48
Antidepressant use

No Reference Reference
Yes 1.67 1.16 - 2.41
Mental illness/substance & alcohol abuse

No Reference Reference
Yes 0.87 0.66 — 1.15
Pain syndromes

No Reference Reference
Yes 1.21 0.95-1.53
Cancer

No Reference Reference
Yes 1.39 1.07-1.81

Appendix 5-C. 2. Sensitivity analyses including time-varying count of distinct prescribing
physicians and an indicator for using >2 opioid products in the model.

HR 95% CI
MME Dose
<20 Reference Reference
20-50 1.10 0.82-1.49
50-90 0.97 0.64 —1.48
>90 2.91 1.62 -5.23
Initial days’ supply
<7 Reference Reference
>7 1.34 1.05-1.72
Prescribing physicians
0-1 Reference Reference
2-3 2.43 1.85-3.19
>4 5.95 4.33-8.18
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Appendix 5-C. 3. Sensitivity analyses including selected time-varying characteristics, distinct

prescribing physicians and an indicator for using >2 opioid products in the model.

HR 95% CI
Non-opioid pain medications use
No Reference Reference
Yes 1.38 1.01-1.87
Benzodiazepine use
No Reference Reference
Yes 0.81 0.44 —1.48
Antidepressant use
No Reference Reference
Yes 1.67 1.15-2.39
Mental illness/substance & alcohol abuse
No Reference Reference
Yes 0.89 0.68-1.18
Pain syndromes
No Reference Reference
Yes 1.07 0.84 -1.36
Cancer
No Reference Reference
Yes 1.06 0.81-1.39
Prescribing physicians
0-1 Reference Reference
2-3 241 1.83-3.17
>4 5.99 434 -8.26

Appendix 5 -C.4. The association between patient, medication and system-level characteristics
and time to long term use within the one-year post-discharge among opioid-naive users (n=1050)

Hazard 95% ClI
Ratio
Drug copay status
Full Reference Reference
Partial 1.27 0.80 - 2.01
None 2.25 1.46 — 3.47
Benzodiazepine use
No use Reference Reference
Use 1.70 1.15-251
Cancer diagnoses
No use Reference Reference
Use 1.42 0.96 -2.10

Pain syndromes
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No use

Use

Pain Regimen
Opioid prescription coming from the
in-hospital prescriber
No

Yes

MME Dose

<20

20-50

50-90

>90

Reference
1.54

Reference
0.59

Reference
0.90
1.06
6.99

Reference
1.01-2.23

Reference
0.39-0.91

Reference

0.75-1.40
0.56 —2.01
2.05-23.8

Note: All results obtained using a Cox Proportional Hazards Model. All variables were included in the model.

Appendix 5-C.5. The association between patient, medication and system-level characteristics
and time to long term use within the one-year post-discharge among previous opioid users

(n=192)
Hazard 95% CI
Ratio
Drug copay status
Full Reference Reference
Partial 2.03 1.13-3.64
None 2.05 1.14 -3.70
Benzodiazepine use
No use Reference Reference
Use 1.96 1.19-3.23
Non-opioid medications use
No use Reference Reference
Use 1.76 1.08 - 2.88
Surgery during the index admission
No Reference Reference
Yes 0.35 0.21-0.61
Pain Regimen
Opioid prescription coming from the
in-hospital prescriber
No Reference Reference
Yes 0.61 0.36 -1.01
MME Dose
<20 Reference Reference
20-50 1.14 0.66 —1.97
>50 1.89 0.87-4.13
Days’ Supply
<7 Reference Reference
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>7 2.62 1.52—-4.53

Note: All results obtained using a Cox Proportional Hazards Model. All variables were includein the model.

Appendix 5-D. Empirically-defined threshold for long-term opioid therapy.

Appendix 5-D.1. Comparison of goodness of fit of flexible marginal structural models, with
alternative time-varying opioid exposure metrics.
Opioid Exposure Metric Statistical Model AlC

Cumulative Use

Conventional Cox MSM 2606.3
Flexible non-linear (NL) MSM 2584.0

Continuous Use

Conventional Cox MSM 2611.4
Flexible non-linear (NL) MSM  2596.0

Appendix 5-D.1a Non-linear effect of duration of cumulative opioid use truncated at 180 days
and the risk of opioid-related emergency department visits, re-admissions or deaths.
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Appendix 5-D.1b. Operational definition of long-term opioid use therapy in the presence/absence
of post-baseline hospitalizations.

Hospitalization
s Rx duration

— Leftover supply

2 days 6 days 15 days 8 days

—— ——— r 1 r 1
| — — S — -— 4——4 Long-Term User

- 60 days »

I

Hospital

Discharge 1 year Follow-up
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6. Objective 3

Kurteva S, Abrahamowicz M, Gomes T, Tamblyn R. Association of Opioid Consumption
Profiles After Hospitalization With Risk of Adverse Health Care Events. JAMA Netw Open.
2021 May 3;4(5):e218782. doi: 10.1001/jamanetworkopen.2021.8782. PMID: 34003273.

6.1 Preamble

The third objective had as a goal to provide more evidence as to how patterns of use are
associated with the risk of potentially avoidable opioid-related adverse events. In addition to
estimating the risk of harm associated with the prescribed opioid dose and duration, I also sought
to ascertain whether the risk is modified by treatment indication and age. In this analysis, |
included patients who had filled at least one opioid prescription three months after discharge.
Time-varying measures of opioid use included current use, daily morphine milligram equivalent
dose, cumulative and continuous use duration, as well as type of ingredient in prescription
opioids used. Marginal structural Cox proportional hazards models were used as the analytic
approach in this study to properly model the dynamic nature of opioid exposure and account for

the presence of time-varying confounders.

This study has already been published in JAMA Network Open. The published article is provided
in Appendix 8 at the end of the thesis.
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ABSTRACT

Importance: While better pain management has guided policies for opioid use over the past few
decades, there is limited evidence regarding how prescribed patterns of use are associated with
the risk of potentially avoidable opioid-related adverse events.

Objective: To estimate the risk of opioid-related harms associated with opioid duration and

dose, and determine if the risk is modified by treatment indication and age.

Design: A prospective cohort of hospitalized patients enrolled in a cluster randomized trial of
medication reconciliation between October 2014 and November 2016 were followed 12 months’

post-discharge.

Setting: Patients discharged from the McGill University Health Centre, Quebec, Canada. Data
analyses took place between February 2019 and February 2020.

Participants: To be eligible for this study, patient needed to have filled at least one opioid

prescription three-months post-discharge.

Exposures: Time-varying measures of opioid use included current use, daily dose, cumulative
and continuous duration, and opioid type. Hospital charts, dispensed prescriptions records, and

post-discharge interviews were used to measure adherence to the discharge opioid prescriptions.

Main Outcomes: Opioid-related emergency department (ED) visits, readmissions or all-cause
death. Outcomes were ascertained using provincial medical services claims and hospitalization

databases.

Results: The 1,511 patients had a mean age of 69 years (SD=10.3), 43% were female. Among
those with at least one opioid dispensation, 16% (n = 241) experienced an opioid-related ED
visit, re-admission or death. Results from marginal structural cox proportional hazards models
showed more than a two-fold increase in the risk of opioid-related adverse events associated with
a cumulative opioid duration of > 90 days (adjusted hazard ratio (aHR) of 2.56 (95% CI:1.25 —
5.27), compared to 1-30 days. There was a three-fold risk increase with a mean daily dose of >
90 morphine milligram equivalent (MME), aHR of 3.24 (95% CI: 1.43-7.35) compared to users
of <50 MME.
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Conclusions and Relevance: The risk of acute healthcare events increased with higher doses
and longer treatment duration. Policies limiting opioid duration and dose may attenuate the risk

of avoidable morbidity.
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6.3 Introduction

Over the past 20 years, opioid prescribing and average prescription volumes continued to
increase in the United States and Canada. 23! Opioids remain the main treatment for the
management of cancer pain, as recommended by the World Health Organization.'®> However,
substantial increases in prescriptions for chronic non-cancer pain have also been documented. In
North America, in 2010’s opioid use increased by nearly 100% increase &, with acute pain being
the most common indication. 1516 These trends in prescription opioids have been accompanied
by marked increases in opioid-related morbidity and mortality. "8 Non-fatal opioid-related
outcomes affect the elderly, even when taking the drug as directed. 165167 Furthermore, long-term
benefits are uncertain as even short-term use may lead to increased predisposition to adverse
events. 53 Longer trials have shown less pain relief with opioids, possibly due to tolerance or
opioid-induced hyperalgesia. This may, in turn, contribute to an escalation in the dose and
potency of opioids, which subsequently may augment the risk of adverse reactions. Yet, no trial
of opioid efficacy had followed patients for longer than 6 months ¢, whereas most
observational studies only examine associations with dose and duration of initial opioid

prescriptions. 192

For many patients, their first opioid exposure follows a hospitalization, making this a high-
priority population for investigation. Inadequate communication of hospital-initiated changes in
medication to community-based providers post-discharge is a well-established problem. °°
Consequently, community physicians may continue opioids started in the hospital, for acute pain
relief, as they have no information about the treatment indication nor the expected therapy
duration. Thus, prescribing practices during hospitalizations may contribute to opioid

consumption growth and its related adverse outcomes.

This study aimed to estimate the risk of opioid-related harms associated with the dose and
duration of opioid use.

6.4 Methods

Design & Setting: A prospective cohort of medical and surgical patients, enrolled in a cluster
randomized trial of medication reconciliation at the McGill University Health Centre (MUHC)

between October 2014 and November 2016 were followed 12 months’ post-discharge. % The
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MUHC is an over 1000-bed quaternary care teaching hospital in Montreal (Canada) that operates
within the universal health care plan of the province of Quebec (RAMQ). The RAMQ plan
covers all hospitalizations, essential medical care, and drug insurance for registrants: 65 years of
age and older, income security recipients, and those not insured through their employer
(approximately 50% of the Quebec population). Ethics approval was provided by the MUHC
Research Ethics Board. Privacy Commissioner to link clinical and administrative data from the
Commission d’accés a I’information du Quebec. This study follows the STROBE reporting

guideline for observational studies. 68

Participants: To be eligible for the original trial, patients had to be 18 years or older at
admission, admitted from the community or transferred from another hospital, with at least one-
year prior continuous provincial healthcare coverage. To be included in this study, patients
needed to fill at least one opioid prescription in the 90 days’ post-discharge. We excluded
patients with history of using methadone or buprenorphine, which are given to treat opioid

addiction. 169

Data Sources: We linked multiple data sources. Demographic, clinical, healthcare use and
prescription claims were retrieved from admission notes and RAMQ medical services and
prescription claims in the year prior to and after the index hospitalization. Admission/discharge
dates, units, and diagnoses, and major procedures were retrieved from the hospitalization
database. Medications at admission, in-hospital and those prescribed at discharge were abstracted
from the MUHC Data Warehouse. Hospital discharge experiences data were obtained via

telephone interviews 30-day post-discharge.

Opioid Use Post-Discharge: Opioid use one-year post-discharge was measured using RAMQ
pharmacy claims. For each prescription filled, these claims document the drug identification
number (DIN), strength, dispensing date and quantity, prescription duration, and prescribing
physician. DINs mapped to ATC codes NO2A, ROSDA were used to identify opioids (Appendix

B). On each day, an individual was classified as having a dispensed opioid available or not. A 5-

day grace period was added to the end of each dispensation as opioids are often prescribed on a
take-as-needed basis, and patients are likely to take some unused pills for a few days after

prescription ended. Appendix B describes opioid daily dose calculations.*”® We also constructed
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time-varying binary indicators of recent opioid discontinuation, dose increases and opioid add-on
therapy.

Uniquely to this study, administratively derived measures of opioid exposure were supplemented
with information on individual patients’ medication-taking behavior, extracted from interviews
30 days’ post-discharge to construct a series of time-invariant indicators that identified patients
who filled a prescription and (i) continued taking it, or (ii) started taking it but stopped, or (iii)

never used it.

Outcomes: Outcome was defined as the time from the first opioid dispensation to the earliest of
the first opioid-related ED visit, re-admission, or death due to any cause, in the one year post-
discharge. Outcomes were ascertained using RAMQ medical services claims and hospitalization
databases which identify all ED visits and re-admissions to any hospital. An adverse event was
considered opioid-related if diagnosis indicated opioid abuse, opioid dependence, and/or opioid
poisoning, and/or any of the more common side effects of opioids 17*: constipation, nausea,
vomiting, dizziness 172176 or fractures. 177" We combined all possible opioid-related side
effects, because only 3 (0.2%) of patients were diagnosed with opioid abuse, dependence, and/or

poisoning, and medication-related adverse events are vastly under-ascertained in the ED. 8!

Potential Modifiers of Opioid-related Harms:
We assessed potential effect modifications with age (dichotomized: <64 vs >64) and treatment
indication, categorized: i) cancer-related pain, ii) post-surgical pain management, iii) or other

chronic pain problems. Medical records were used to identify treatment indication.

Covariates (Appendix C) : Potential risk factors for long-term opioid use included patient
demographics (age, sex, drug insurance status), co-existing illnesses (history of mental health
conditions, pain syndromes, health conditions associated with abuse, tobacco use, cancer
diagnoses, other comorbidities), drug and healthcare utilization (use of drugs increasing the risk
of opioid misuse, non-opioid pain medications, number of ED visits and hospitalization,
physicians seen and dispensing pharmacies) in the one year prior to hospitalization. We also
measured reason of hospital admission, in-hospital administration of opioids, reason for opioid

prescribing at discharge, having a multi-modal pain management regimen, and discharge
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destination. %0 To measure healthcare fragmentation (associated with low quality of care and
increased adverse outcomes), or opioid seeking behavior because of increasing dependence 4446,
we created time-varying covariates, updated daily during follow-up, for the cumulative numbers

of distinct prescribers and dispensing pharmacies post-discharge.

Statistical Analyses: Descriptive statistics summarized patient, provider and healthcare system
characteristics. For all main analyses, we relied on time-to-event methods. Specifically, we used
multivariable marginal structural Cox proportional hazards (PH) models (MSM Cox) 82183 tg
determine the association between time-varying opioid use and the risk of the outcome. Cohort
entry was the date of the first opioid dispensation within 3 months after hospital discharge.
Patients were followed until their first opioid-related ED visit/re-admissions, death or end of
follow-up. We temporarily censored patients during hospitalizations for reasons unrelated to
opioid use. Because of the uncertainty regarding how past opioid consumption patterns may be
associated with adverse events, alternative time-varying metrics of opioid use, updated daily
during the one year follow-up, were constructed: i) current use, (ii) cumulative, (iii) continuous
duration of use, (iv) daily dose and (V) type of opioid ingredient (Appendix C). 4 All models
included the same potential confounders, including time-invariant baseline variables and time-
varying covariates, selected based on statistical and clinical significance. To account for time-
varying potential confounders that could also be affected by prior opioid exposure, psychotropic
medication use, targeted comorbidities, and cumulative numbers of prescribers and dispensing
pharmacies were used to estimate stabilized time-varying inverse probability treatment (IPT)
weights 85186 for opioid exposure. The IPT weights were estimated, separately for each 10-day
time interval during the one-year follow-up, using a series of multivariable logistic models ¢ ,
and to avoid unstable estimates, truncated at the 95" percentile of their distribution. 8" We used
the robust sandwich covariance estimator to calculate standard errors, while accounting for the
IPT weighting. 18 To determine if the risk of opioid-related harms was modified by treatment
indication or age, we used Wald tests of the respective two-way interactions at 2-sided a=0.05.
All MSM Cox PH models were implemented with SAS version 9.4 (SAS Institute, Cary, NC).

Sensitivity Analyses: To account for potential chronic opioid use prior to study entry, in two
sensitivity analyses we re-created our cohort excluding patients with, respectively, >1 or >3

opioid dispensations during the baseline period. Second, in separate analyses, we restricted the
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outcome to either opioid-related ED visits/re-admissions or deaths. We also conducted
sensitivity bias analyses where an interaction term between the main exposure and the adherence
measure constructed from patient’s interviews was tested to assess to what extent the potential
nonadherence to opioid prescriptions could have affected the estimated association(s). Finally, to
account for the differences in severity of opioid-related side effects, in two additional sensitivity

analyses, we categorized the outcomes into fractures/dizziness and nausea/constipation.

Additional sensitivity analyses were performed to assess to what extent selected, statistically
significant results could reflect potential bias due to unmeasured confounders. *° This involved
first simulating a potential confounder with pre-specified associations (odds ratios) with both (i)
relevant opioid exposure and (ii) occurrence of the outcome, and then re-running the

multivariable analyses with additional adjustment for the simulated confounder. %

6.5 Results

Among 3,486 participants of the original trial, 1,511 were included in the current cohort. Their
mean age was 69.6 years (SD = 10.3) and 57.7% were males (Table 6-1). Most patients
underwent surgery (n=1119, 74.1%). At discharge, 51.5% of medical and 88.2% of surgical
patients received an opioid prescription. Among the remaining patients, 51.2% were dispensed
an opioid in the 7 days’ post-discharge (Table 6-3). Fewer surgical than medical patients used
opioids prior to admission (30.7% vs 72.2%). Overall, 42.9% of all medical and 48.1% of all
surgical patients had documented cancer diagnoses in a year before hospitalization and/or at

hospital discharge.

In the year post-discharge, 15.9% (n=241) of patients had an opioid-related ED
visit/hospitalization, or died. The most frequent potentially opioid-related adverse events
included fractures (55.4%), nausea and vomiting (17.7%), and dizziness (14.4%) (Appendix 6-
D).

Results from main models are presented in Table 6-4. Current daily opioid use, which identified
patients with having active prescription at a given day during the follow-up, was associated with
a 71% increased risk of opioid-related adverse events (aHR: 1.71, 95% CI (1.04 — 2.82)).

Compared to shorter cumulative exposures (1-30 days), longer past use of 60-90 days (aHR of
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2.45,95% CI (1.18 —5.09) and > 90 days (aHR: 2.56, 95% CI (1.25 — 5.27) were both associated
with a two-fold increase in risk of adverse events). Uninterrupted continuous use for at least 60
consecutive days was associated with a three-fold increased risk in opioid-related acute
healthcare events (aHR: 3.73, 95% ClI (1.83 — 7.60)), relative to patients who were not current
opioid users. In contrast, for a few patients who exceeded 90 days of continuous use, there was
no evidence of an increased risk (aHR 0.86, 95% CI (0.37 - 1.96)).

The risk of opioid-related adverse events or death was three times higher for current daily doses
of >90 MME (aHR: 3.51, 95% CI (1.58 — 7.82)), as compared to lower doses <9OMME:s.
Among different opioid types, only morphine showed statistically significant risk increase (aHR:
4.04, 95% CI (1.02 — 15.9) relative to codeine), albeit with wide confidence intervals.

Analyses by Treatment Indication: We found two statistically significant interactions between
surgery and (i) current use (p-value = 0.003), and (ii) >90 days of use (p-value = 0.002). Among
surgical patients both current daily use (aHR of 3.35 (95% ClI: 1.82 — 6.85)) and cumulative
duration of > 90 days of use (aHR: 7.82 (95% CI 3.20 — 19.1)) were associated with important,
statistically significant increased risk of opioid-related adverse events or death. In contrast, both
associations were not statistically significant for medical patients. The interaction between
cumulative use of >90 days and having a cancer diagnosis was also significant, with the
association stronger among cancer patients. Results for interaction analyses with age and

treatment indication are in Appendix 6-D.

Excluding prior opioid users had a minimal impact on the results (Appendix 6-D). The absence
of an interaction between adherence and current use (p=0.99) could be due to excellent
adherence: 90% (n=1360), of patients reported that they took their dispensed opioids as
prescribed, only 12% (n=169) discontinued their initial dispensation and 5% (n=70) had an
opioid dispensed but never started taking it in the first month post-discharge. In bias sensitivity
analyses, patients on higher daily opioid dose of >90 MME remained at a significantly increased
risk of opioid-related acute healthcare events, even after adjusting for a moderately strong
unobserved confounder, with odds ratios of 2 with both exposure (higher dose) and the outcome
(Appendix 6-D, Table D.9). Analyses that restricted outcomes to either fracture-related or other

opioid-related ED visits/re-admission showed consistent results (Appendix 6-D, Table D.10.)
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6.6 Discussion

We assessed the association between longitudinal opioid use patterns, represented by time-
varying measures of current daily use, daily dose, cumulative and continuous duration of use,
generic molecule, and their associated risk of opioid-related adverse events/death. We found
increased risks with daily dose, cumulative and continuous use. There were also variations in the
magnitude of risk when considering different treatment indications. Our results highlight the
importance of accounting for alternative opioid consumption patterns when quantifying the risk
of acute healthcare events/death. Whereas most of the literature considers 90 days as a threshold
for safe opioid use 2061126 in this study we provided risk estimates for multiple duration
categories of up to and beyond 90 days to better understand how the risk may vary with short and

long-term use patterns.

There has been a paucity of observational research examining extended opioid treatment duration
and related adverse events, with most of the evidence coming from clinical trials with a duration
of less than a year and observational studies looking only at the initial opioid prescription
duration. 2949191 |n relationship to risks associated with opioid use duration, our results are
similar to the findings from a recent 2017 Cochrane summary. ‘8 Our non-significant findings
and wide confidence intervals for continuous use beyond 90 days could be a reflection of low
statistical power as only a few patients had long un-interrupted use during the one-year follow-
up. However, it has been previously documented as patients develop tolerance to the analgesic
effect of opioids, the same is observed with their capacity to tolerate side effects. 1°2 In our study,
average doses started to plateau for use of > 90 days and did not escalate with increasing
durations beyond 90 days of use (data not shown), which could indicate that these patients

potentially transitioned into chronic users.

We noted an increased risk of adverse events with daily MME doses. Previous studies have also
demonstrated important effects of opioid dose on adverse events such as increased risks of
fractures, road trauma, and opioid-related mortality. 22>3%4247 Saunders et al showed that >50
MME was associated with two-fold increase in the risk of fractures. 3 Similarly to findings from
our study, Ishida et al. found high doses to be associated with risks for all adverse outcomes. 3

Our findings showed most patients in this cohort did not exceed the recommended maximum
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dose of 90 MME %°, and yet their risk of adverse events was still high relative to patients who

were not currently exposed to opioids.

Existing data on the rates of morbidity and mortality as a function of drug potency among
commonly prescribed opioids are somewhat conflicting. 1°3 919419 However, due to the
relatively small sample size and overlapping confidence intervals, our comparisons of risks
associated with different products were inconclusive, even if the results suggested morphine

users may be at higher risk of composite endpoint and death.

This study’s strength is its ability to use multiple data sources, which enhances the internal validity
of the study by providing detailed covariate information to adjust for confounders and account for
potential mediators. Most of what is known about extended opioid treatment and related adverse
events is based on different and arbitrary definitions.%8196-19 |n this study, we compare various
time-varying opioid use metrics to provide further insights into the mechanism involved in the

development of opioid-related events, 18419

Limitations

Some limitations of our work merit emphasis. In our analyses, we used prescription duration as
recorded by the pharmacist. Since opioids are given on a prn basis, exposure mismeasurement is
possible. However, we expect the resulting exposure misclassification to be non-differential and
thus, biasing the estimates toward the null. As in all observational studies, there is the potential
for unmeasured confounding and confounding by indication. Our decision to only include
patients with at least one opioid dispensation post-discharge (excluding never users) as well as
selecting as a comparator patients on short-term or low-dose opioids reduces concerns about
potential bias due to confounding by indication. Moreover, a consistent limitation across all
claims-based studies, including this one, is the inability to account for opioid medications
obtained through diversion or other illicit means. However, a study conducted in a similar cohort
of universally covered patients in the province of Quebec found older adults to be less likely to
experience an opioid prescription associated overdose death and seek outpatient prescriptions as
compared to younger people. The majority of patients in this study cohort were 64 years of age
or older and thus, we expect illicit use to have little impact on the main findings. 64 In this study,

the choice of a broader outcome may be prone to confounding. However, we explored the
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amount of hidden bias from an unmeasured confounder necessary to alter the conclusion that
patients on higher daily doses have higher risk of opioid-related adverse events and the
association was robust. Future research should use data from multiple healthcare systems to
replicate our findings in larger populations cohorts and thus, providing greater generalizability.

6.7 Conclusion

We found an increased risk when using opioids for prolonged durations and at higher doses. Our
results can inform prevention strategies aimed at minimizing the harm linked to opioid-related
morbidity.

Table 6-1. Baseline characteristics of the overall eligible patients (n=3486) and of the study
cohort patients (n=1511) who filled of an opioid prescription within 90 days of hospital
discharge stratified by discharge unit.
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Overall Hospital Discharge Unit
n = 3486
Internal Medicine  Surgery
n =392 (21.7%) n=1119 (66.7%)

Mean age (SD) 69.6 (14.9) 67.7 (16.8) 66.9 (11.9)

N (%) N (%) N (%)
Male 2010 (57.7) 200 (51.0) 683 (61.0)
Length of hospital stay (> 6 days) 2930 (84.0) 351 (89.5) 875 (78.2)
Health Services Utilization: One Year Before Admission

Mean (SD) Mean (SD) Mean (SD)
Emergency department visits 8.4 (8.5) 15.3 (20.3) 4.4 (8.1)
Hospitalizations 0.8(1.9) 0.9 (1.9) 0.7 (1.8)
Physicians visits 10.9 (14.5) 14.0 (16.3) 9.9 (8.4)
Number of prescribing physicians 4.2 (3.4) 6.3 (4.4) 3.6 (2.4)
Number of physicians prescribing opioids 0.6 (1.2) 1.9 (2.2) 0.5 (0.9)
Number of dispensing pharmacies 1.4 (0.9) 1.6 (0.9) 1.4 (0.8)
Number of pharmacies dispensing opioids 0.4 (0.6) 0.9 (0.7) 0.4 (0.6)
Active Prescriptions at Admission 9.8 (10.1) 14.3 (14.1) 6.6 (6.5)

N (%) N (%) N (%)
Radiotherapy 215 (6.2) 77 (19.6) 133 (11.9)
Chemotherapy 262 (7.5) 83 (21.2) 176 (15.7)
Medication Use: One Year Before Admission

N (%) N (%) N (%)
Active Opioid Prescription at Admission 504 (14.5) 186 (47.4) 105 (9.4)
History of opioid use 1206 (34.6) 283 (72.2) 344 (30.7)
> 3 opioid dispensations 104 (2.9) 61 (15.6) 18 (1.6)
History of long-acting opioids 146 (4.2) 89 (22.7) 35(3.1)
History of methadone/buprenorphine 13 (0.4) 10 (2.6) 1(0.1)
History of benzodiazepine use 1088 (31.2) 175 (44.6) 336 (30.0)
History of antidepressant use 706 (20.3) 133 (33.9) 208 (18.6)
History of non-opioid pain medications use 1068 (30.6) 243 (61.9) 406 (36.3)
In-Hospital Medication Use
Antidepressants 628 (18.0) 112 (28.6) 153 (13.7)
Opioids 2509 (72.0) 307 (78.3) 1113 (99.5)
Benzodiazepines 2278 (65.4) 196 (50.0) 997 (89.1)
Analgesics 3161 (90.7) 168 (43.1) 942 (84.2)
Pain Regimen at Hospital Discharge
Opioids 1530 (43.9) 202 (51.5) 987 (88.2)
Non-opioid analgesics 2209 (63.4) 227 (57.9) 990 (88.5)

Targeted Comorbidities that May Increase the Risk of Hospitalizations/ED visits
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Mental illness 511 (14.7) 74 (18.9) 132 (11.8)
Dementia 25 (6.4) 13(1.2)
Substance & alcohol abuse 27 (6.9) 19 (1.7)
Pain Syndromes 1352 (38.8) 221 (56.4) 408 (36.5)
Cancer 1253 (35.9) 168 (42.9) 538 (48.1)
Other Comorbidities that May Increase the Risk of Hospitalizations/ED visits

Cardiovascular Diseases 1398 (40.1) 154 (39.3) 657 (58.7)
Cerebrovascular Diseases 49 (12.5) 69 (6.2)
Pneumonia 46 (11.7) 63 (5.6)
Chronic obstructive pulmonary disease 751 (21.5) 102 (26.0) 236 (21.1)
Renal Disease 364 (10.4) 53 (13.5) 41 (3.7)
Diabetes 791 (22.7) 92 (23.5) 223 (19.9)
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Table 6-2. Overall characteristics of the opioid prescriptions dispensed by patients according to opioid type and potency

Ingredient * MME Patients 3 Days’ Supply of Mean Dose of Filled >2 Opioid Filled >1 Type
(molecule) Conversion N (%) Initial Initial Dispensation  Prescriptions of Opioid
Factor 2 dispensation Mean (SD) * N (%) N (%)
Mean (SD)
Codeine 0.15 215(14.2)  13.2(10.1) 19.9 (12.4) 201 (93.5) 11 (5.1)
Morphine 1 244 (16.1)  10.4 (8.3) 27.4 (27.2) 226 (92.6) 159 (65.2)
Oxycodone 15 1044 (69.1) 8.6 (6.3) 35.3 (17.7) 610 (58.4) 441 (42.2)
Hydromorphone 4 689 (45.6) 9.8(7.4) 31.8 (26.0) 594 (86.2) 180 (6.1)
Fentanyl 7.2 109 (7.2) 22.5 (11.3) 137.2 (121.5) 108 (99.1) 16 (14.7)
Methadone 44 (2.9) - - 37 (84.1) 33 (75.0)
Total - 1511 - - 950 (62.8) 595 (39.4)

1 Only tablets and patches form of these medications were considered

2 Opioid Oral Morphine Milligram Equivalent Conversion Factors.

3 Number of patients who filled at least one of the opioid ingredients throughout the follow-up period. A given patients can be in more than one category as they fill multiple type of
opioids.

4 Dose reported in morphine milligram equivalents

* Total refers to the total number of patients who filled at least one opioid dispensation. This total is not equivalent to the sum of the number of patients in each opioid ingredient
categories.

Sources:
1) Centers for Medicare & Medicaid Services. Opioid Oral Morphine Milligram Equivalent (MME) Conversion Factors. https:\\www.cms.govMedicarePrescription-Drug-
CoveragePrescriptionDrugCovContraDownloadsOpioid-Morphine-EQConversion-Factors-vFeb-.pdf. Accessed: September 5, 2019
2) Svendsen, K., Borchgrevink, P., Fredheim, O., Hamunen, K., Mellbye, A., & Dale, O. (2011). Choosing the unit of measurement counts: the use of oral morphine
equivalents in studies of opioid consumption is a useful addition to defined daily doses. Palliative Medicine, 25(7), 725-732. http://doi.org/10.1177/0269216311398300
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Table 6-3. Characteristics of first opioid prescription filled in the 90-day post-discharge period.

Overall Opioid Prescription at Discharge
n=1511 Yes No
n=1163, 76.9% n= 348, 23.0%

Opioid Prescription Filled within First 7 days 1228 (81.3) 1050 (90.3) 178 (51.2)
Opioid Prescription Filled within First 30 days 1360 (90.0) 1118 (96.1) 242 (69.5)
Morphine Equivalent Dispensed (Milligrams)

Mean (SD) 34.9 (28.6) 34.9 (23.6) 34.8 (40.9)

Median 29.1 30.0 25.0

IQR 20.0-41.7 21.0-417 16.0 - 40.9
Morphine Equivalent Dispensed (Milligrams)

<90 1467 (97.1) 1137 (97.8) 330 (94.8)
>90 44 (2.9) 26 (2.2) 18 (5.2)
Type of Opioid Dispensed

Codeine 47 (3.1) 21 (1.8) 26 (7.5)

Morphine 68 (4.5) 33(2.8) 35(10.1)

Oxycodone 952 (63.0) 814 (69.9) 138 (39.7)

Hydromorphone 419 (27.7) 286 (24.6) 133 (38.2)

Fentanyl 22 (1.5) 7 (0.6) 15 (4.3)

Combination Opioid Products Dispensed 308 (20.4) 209 (17.9) 99 (28.5)

Combination Non-Opioid Products Dispensed 1300 (86.0) 999 (85.9) 301 (86.5)
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Table 6-4. The risk of emergency department visits, re-admissions or death for several opioid exposure definitions in marginal

structural Cox PH models.

Opioid Events Person- Incidence Rate * ED visits/re- ED visits/re- Death

Exposure t years (95% ClI) admissions/death  admissions 2

Metric 12

Current Use

No 128 1102.7  116.1 (96.8 — 138.0) Ref Ref Ref

Yes 113 233.4 484.2 (399.0 — 582.1) 1.71(1.04-2.82) 2.00(0.98-4.10)  1.56 (0.79 — 3.04)
Cumulative Opioid Use

1-30 123 973.3 126.4 (105.0 — 150.8) Ref Ref Ref

30-60 44 181.1 242.9 (176.6 — 326.2) 155(0.95-252) 1.47(0.69-3.14) 1.61(0.86-3.03)
60-90 24 56.6 423.7 (271.5 -630.4) 2.45(1.18-5.09) 1.05(0.22-3.92) 3.45(1.41-8.47)
>00 50 125.1 399.8 (296.7 — 527.0) 2.56 (1.25-5.27) 2.07(0.70-6.07) 2.89(1.11-7.59)
Continuous Opioid Use

0 128 1102.7  116.1 (96.8 — 138.0) Ref Ref Ref

1-30 63 132.0 477.3 (366.7 — 610.6) 1.79(1.00-3.22) 2.10(0.72-5.86) 1.66 (0.84 —3.29)
30-60 26 324 801.5(523.5-1174.3) 3.73(1.83-7.60) 5.19(1.56-17.2) 3.10(1.28—7.54)
>60 24 68.9 348.1 (223.1 —517.9) 0.86 (0.37-1.96) 0.91(0.32—2.49) 0.81(0.26 —2.47)
MME Daily Dose

<90 207 1302.2  158.9 (138.0 - 182.1) Ref Ref Ref

>90 34 33.9 1003.1 (694.7 —1401.7) 351(1.58-7.82) 1.06(0.30-2.78) 5.84(2.12-16.09)
Type of Opioid Use

Codeine 4 135 296.9 (80.9 — 760.2) Ref Ref Ref

Morphine 19 18.1 1047.5 (630.7 — 1635.8) 4.04 (1.02-15.9) 1.81(0.28-11.6) 9.36(1.18-73.9)
Oxycodone 16 78.8 202.9 (115.9 - 329.5) 1.48 (0.35-6.25) 0.67 (0.10-4.27) 2.98 (0.33 -27.0)
Hydromorphone 45 87.2 515.8 (376.3 — 690.2) 2.62(0.64-10.7) 1.06(0.18-6.41) 6.74(0.83 —54.6)
Fentanyl 11 15.3 718.7 (358.8 — 1286.0) 2.93(0.57-15.0) 0.43(0.03-6.01) 8.67(0.87-86.1)
Multiple Opioid 18 20.4 883.3 (523.5 — 1396.0) 6.36 (1.42-28.4) 4.74(0.69-32.4) 9.94(1.01-98.3)
Products

*The event counts are for the composite outcome of ED visits, re-admissions and/or death.

* Incidence rate reported as 1000 per year.

L Covariates considered in the construction/calculation of the treatment weights: 1) demographic characteristics: indicator for a patient randomized to the RightRx intervention group,
age at admission, sex, copay status, 2) medical, prescription and healthcare use one-year before admission: unique number of dispensing pharmacies and prescribers, hospitalizations
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and emergency department visits, the receipt of radiotherapy and/or chemotherapy services, type of cancer, history of mental health diagnoses, history of substance and/or alcohol
abuse/dependence, targeted comorbidities which may increase someone’s risk of opioid-related adverse events, history of chronic pain, previous opioid use, more than 3 opioid
dispensations, previous use of psychotropic medications, 3) in-hospital characteristics: presence of an opioid-related reason for index admission, length of hospital stay, opioid
administration during the index hospitalization, non-opioid pain medication administration, use of antidepressant and benzodiazepines, hospital unit discharged from (medical vs
surgical) from, type of surgery (cardiac vs thoracic), 4) at discharge: receipt of an opioid prescription, prescribing reason (having had surgery, having anxiety or pain problems), 5)
time-varying post-discharge characteristics: use of benzodiazepines, use of antidepressants, use of methadone/buprenorphine, cumulative number of physicians, cumulative number
of dispensing pharmacies, recent discontinuation of opioid use, recent increases in opioid dose, recent add-on opioid therapy, updated targeted baseline medical comorbidities. The
95t percentile for the stabilized weight was 2.88 (mean =0.81, SD = 0.71).

2 AICs for the models with current use, cumulative use, continuous use, MME daily dose and type of opioid use were 2562.3, 2557.6, 2548.1, 2535.5 and 2548.1 respectively.

3 Additional censoring weights were included to account for competing risk by death. Same covariates as the ones included in the treatment weights were used for the censoring
weights.
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Appendix 6-A. ICD-9-CM and ICD-10-CM Opioid-Related Diagnosis Codes Used in This

Study

Appendix 6-A.1 ICD-9-CM and ICD-10-CM codes for opioid abuse

ICD-9-CM Code Description

30550
30551
30552

Opioid abuse, unspecified
Opioid abuse, continuous
Opioid abuse, episodic

Appendix 6-A.2 ICD-9-CM codes for opioid dependence

ICD-9-CM Code Description

30400
30401
30402

30470

30471

30472

Opioid type dependence, unspecified

Opioid type dependence, continuous

Opioid type dependence, episodic

Combinations of opioid type drug with any other drug
dependence, unspecified

Combinations of opioid type drug with any other drug
dependence, continuous

Combinations of opioid type drug with any other drug
dependence, episodic

Appendix 6-A.3 ICD-9-CM codes for adverse effects of opioids

ICD-9-CM Code Description

E9350
E9351

E9352
E9401

Heroin causing adverse effects in therapeutic use

Methadone causing adverse effects in therapeutic use

Other opiates and related narcotics causing adverse effects in
therapeutic use

Adverse effects of opiate antagonists
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Appendix 6-A.4 ICD-9-CM codes for opioid poisoning

ICD-9-CM Code Description

96500
96501
96502
96509
9701

E8500
E8501
E8502

Poisoning by opium (alkaloids), unspecified

Poisoning by heroin

Poisoning by methadone

Poisoning by other opiates and related narcotics

Poisoning by opiate antagonists

Accidental poisoning by heroin

Accidental poisoning by methadone

Accidental poisoning by other opiates and related narcotics

Appendix 6-A.5 ICD-9-CM codes for other most commonly occurring adverse associated with

opioid use

ICD-9-CM Code Description

56400
54601
54602
56409
78040
78701
78702
78703
80X, 81X, 82X

Constipation, unspecified

Slow transit constipation

Outlet dysfunction constipations
Other constipation

Dizziness

Nausea with vomiting

Nausea alone

VVomiting alone

Fractures

Appendix 6-B. Codes Used for Drug Classification and Rationale for Opioid Dose Calculations.

Supplement Method 6-B.1. ATC codes used to identify opioids: NO2A (opioids), ROSDA

(opium alkaloids and derivatives)

Exclusions: Not all drug forms were included in the analyses. Only patches and tablets of these

medications were kept. Injectable, liquid and rectal forms were excluded. Methadone and

buprenorphine/naloxone combinations were kept to define subclinical patient populations but

were excluded from all dosing/duration calculations as these medications are used to treat

addiction and we want to focus on the association of duration/dose of opioids used for pain

relief.

Supplement Method 6-B.2. The daily dose of each opioid was calculated by first dividing the

quantity of units dispensed by the prescription duration to determine the number of units per day,

and then multiplying the number of units by the strength. To account for concurrent
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prescriptions, a subsequent dispensation was considered as an early refill if days of overlap were
<30% of the previous dispensation duration. Otherwise, the opioids were considered to be taken
simultaneously. Daily dose of each dispensation was converted to MME doses using the Center

for Disease Control Opioid Morphine Equivalent Conversion Factor and the opioid doses

determined to be concurrently dispensed were added together.

Appendix 6-B.1. Opioid Morphine Equivalent Conversion Factor *

Drug Name Conversion Factor
Buprenorphine patch’ 12.6
Buprenorphine tab or film 10
Butorphanol 7
Codeine 0.15
Dihydrocodeine 0.25
Fentanyl buccal or SL tablets, or Iozenge/troche3 0.13

. 4

Fentany! film or oral spray 0.18
Fentanyl nasal spray’ 0.16
Fentanyl patch6 1.2
Hydrocodone 1
Hydromorphone 4
Levorphanol tartrate 11
Meperidine hydrochloride 0.1
Methadone 3
Morphine 1
Nalbuphine 1
Opium 1
Oxycodone 1.5
Oxymorphone 3
Pentazocine 0.37
Tapentadol 0.4
Tramadol 0.1

! Centers for Disease Control and Prevention, Atlanta, GA, May 2014,
2 The MME conversion factor for buprenorphine patches is based on the assumption that one milligram of parenteral buprenorphine
is equivalent to 75 milligrams of oral morphine and that one patch delivers the dispensed micrograms per hour over a 24-hour day.
Example: 5 ug/hr buprenorphine patch * 24 hrs = 120 ug/day buprenorphine = 0.12 mg/day buprenorphine = 9 mg/day oral
morphine milligram equivalent. In other words, the conversion factor not accounting for days of use would be 9/5 or 1.8. However,
since the buprenorphine patch remains in place for 7 days, we have multiplied the conversion factor by 7 (1.8 X 7 = 12.6). In this
example, MME/day for four 5 pg/hr buprenorphine patches dispensed for use over 28 days would work out as follows: Example:
5 ug/hr buprenorphine patch * (4 patches/28 days) * 12.6 = 9 MME/day.
3 The MME conversion factor for fentanyl buccal tablets, sublingual tablets, and lozenges/troche is 0.13. This conversion factor
should be multiplied by the number of micrograms in a given lozenge/troche.
4 The MME conversion factor for fentanyl film and oral spray is 0.18. This reflects a 40% greater bioavailability for films compared
to lozenges/tablets and 38% greater bioavailability for oral sprays compared to lozenges/tablets.
5 The MME conversion factor for fentanyl nasal spray is 0.16, which reflects a 20% greater bioavailability for sprays compared to
lozenges/tablets.

6 The MME conversion factor for fentanyl patches is based on the assumption that one milligram of parenteral fentanyl

is equivalent to 100 milligrams of oral morphine and that one patch delivers the dispensed micrograms per hour over a
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24 hour day. Example: 25 ug/hr fentanyl patch * 24 hrs = 600 ug/day fentanyl = 60 mg/day oral morphine milligram
equivalent. In other words, the conversion factor not accounting for days of use would be 60/25 or 2.4. However, since

the fentanyl patch remains in place for 3 days, we have multiplied the conversion factor by 3 (2.4 X 3=7.2).
In this example, MME/day for ten 25 pg/hr fentanyl patches dispensed for use over 30 days would work out as
follows: Example: 25 ug/hr fentanyl patch * (10 patches/30 days)* 7.2 = 60 MME/day.

Sources:

1) Centers for Medicare & Medicaid Services. Opioid Oral Morphine Milligram Equivalent (MME) Conversion Factors.
https:\\www.cms.govMedicarePrescription-Drug-CoveragePrescriptionDrugCovContraDownloadsOpioid-Morphine-
EQConversion-Factors-vFeb-.pdf. Accessed: September 5, 2019

2) Svendsen, K., Borchgrevink, P., Fredheim, O., Hamunen, K., Mellbye, A., & Dale, O. (2011). Choosing the unit of
measurement counts: the use of oral morphine equivalents in studies of opioid consumption is a useful addition to
defined daily doses. Palliative Medicine, 25(7), 725-732. http://doi.org/10.1177/0269216311398300

Appendix 6-C. Inclusion of Covariates and Their Assessment in Inverse Probability Treatment
Weights Marginal Structural Models

Appendix 6-C.1. Description of available data on drug, patient, provider and system level
characteristics

Description

Opioid-related Characteristics

Opioid Dispensations

ATC code

Dose

Duration

Type of opioid

Anatomical Therapeutic
Chemical Classification
System code used to identify
opioids and other concurrent
medications that the patient is
taking

Opioids ATC Included:
NO2A, RO5DA

The daily amount of drug
taken by patient will be
calculated based on
information about the number
of tablets prescribed, strength
and number of days’ supply;
daily dose will be converted to
milligram morphine
equivalents to facilitate
comparisons across opioids.
The days’ supply on the drug
claim as entered by the
pharmacist

Type of opioid ingredient.
E.g; Hydromorphone,

Measurement

RAMQ
prescription
claims.

From RAMQ
prescription
claims

From RAMQ
prescription
claims

From RAMQ
prescription
claims

Timing of
Measurement

In the community
one year prior to
admission and one
year post-discharge

In the community
one year prior to
admission and one
year post-discharge

In the community
one year prior to
admission and one
year post-discharge

One year post-
discharge

Functional
Form

N/A

Continuous,
categorical,
time-varying

Continuous,
categorical,
time-varying

Categorical,
time-varying
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oxycodone, morphine,
fentanyl, etc.

Opioid Administration in Hospital

ATC code

Anatomical Therapeutic
Chemical Classification
System code used to identify
administered opioids

Opioid Prescription at Hospital Discharge

Status of opioid
medication

Reason for opioid
prescribing

Presence of a multi-
modal pain
management regimen

Patient-reported
adherence to opioid
prescription given at
hospital discharge

Continued or stopped from
community, newly prescribed
at discharge

Pain-related including having
had surgery as well as other
diagnoses such as having
insomnia or anxiety as
recorder during the
hospitalization

The opioid prescription at
hospital discharge was part of
multi-modal pain treatment
regimen

Whether patient takes the
medication as prescribed or
deviated from the prescription
posology (e.g.; medication
taken less or more often than
directed to patient due to pain
complaints, complications,
side-effects, etc.)

Patient-level Characteristics

Demographics
Age

Sex

Drug insurance status

Co-Existing Illnesses

Male, Female

E.g.; Full copay, partial copay,
no copay Serves as proxy for
socio-economic status.

Hospital
pharmacy

From patient
chart

From patient
chart

From patient
chart

RAMQ
prescription
claims to
determine

whether opioid
was filled post-

discharge;
Patient
interview to
assess if
patients are
taking the
drugs as
prescribed

From patient
chart
From patient
chart
From RAMQ

drug programs

In hospital

At hospital
discharge

In-hospital

At hospital
discharge

30-days post-

hospital discharge

Admission to
hospital
Admission to
hospital
Admission to
hospital

Categorical

Categorical,
time-fixed

Categorical,
time-fixed

Categorical,
time-fixed

Categorical,
time-fixed

Continuous,
time-varying
Binary, time-
fixed
Categorical,
time-fixed
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History of mental
health conditions

Pain syndromes

Health conditions

Associated with abuse

Tobacco use

Cancer diagnosis

Other comorbidities

E.g.; Anxiety, depression,
psychiatric diagnosis, mood
disorder, and post-traumatic
stress disorder

E.g.; Chronic back pain, back
and neck pain, back disorder,
arthritis, migraine, headache,
fibromyalgia, fracture

E.g.; Alcohol abuse, drug
abuse

Patient-reported history of
tobacco use

E.g.; Metastatic, Non-
metastatic, Lymphoma

E.g.; Acute MI,
cerebrovascular diseases,
chronic kidney, COPD,
diabetes, heart failure,
hypertension, ischemic heart
disease, liver, obesity

Drug and Healthcare Utilization

Use of potential
interacting drugs

increasing the risk of

opioid misuse

E.g.; Selective serotonin
reuptake inhibitors, other
antidepressants,
benzodiazepines, other

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

From patient
chart. Also
from RAMQ
medical series
and
prescription
claims

From hospital
charts

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ATC codes,
DIN, Generic
Drug name
used to extract

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

At admission

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in-

Binary per
condition,
time-varying

Binary per
condition,
time-varying

Binary per
condition,
time-varying

Binary, time-
fixed

Binary per
condition,
time-varying

Binary per
condition,
time-varying

Binary per
drug, time-
varying
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Use of non-opioid pain

medications

Number of ED visits

and hospitalizations

antipsychotic drugs, central
nervous system depressants,
psychotropic medication

E.g.; NSAIDS, COX-2,
Acetaminophen, Gabapentin,
anti-migraine medications,
muscle-relaxants, other anti-
inflammatories and anti-
rheumatoid medications

Total number of ED visits and
hospitalizations

Measures of Care Continuity

Number of physicians

Number of dispensing

pharmacies

Number of unique physicians
that prescribed an opioid
medication to a patient in the
year post hospital admission
Number of unique pharmacies
that a patient has opioid
medications dispensed at in
the one year post to hospital
admission

Other Patient Drug Behavior Characteristics

Time since hospital
discharge

Discontinuation of
opioid use

Daily opioid dose
increase

Add-on opioid

The time elapsed between
patent’s hospital discharge
and their first opioid
dispensation

Recent discontinuation of
opioid use in the past 2 weeks

Recent increase in the daily
opioid use in the past 2 weeks

Recent add-on of another
opioid type in the past 2
weeks

In-hospital Characteristics

information
from RAMQ
prescription
claims,
hospital data,
patient chart.
ATC codes,
DIN, Generic
Drug name

used to extract

information
from RAMQ
prescription
claims,
hospital data,
patient chart.
From RAMQ
prescription
claims and
hospital data

From RAMQ
medical
services

From RAMQ
medical
services

From RAMQ
prescription
claims and
hospital data
From RAMQ
medical
services
From RAMQ
medical
services
From RAMQ
medical
services

hospital, post-
discharge

In community one
year prior to
admission, in-
hospital, post-
discharge

One year prior to
hospital admission
& one year post-
discharge

One year prior to
hospital admission
& one year post-
discharge

One year prior to
hospital admission
& One year post-
discharge

One year post-
discharge

One year post-
discharge

One year post-
discharge

One year post-
discharge

Binary per
drug, time-
varying

Categorical,
continuous,
time-varying

Categorical,
continuous,
cumulative
time-varying
Categorical,
continuous,
cumulative
time-varying

Continuous,
time-fixed

Categorical,
time-varying

Categorical,
time-varying

Categorical,
time-varying
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Hospital patient is
admitted to

Hospital unit the
patient is admitted to
Reason for index
hospital admission

Discharge Destination

RightRx patients

Montreal General or Royal
Victoria hospital
Medical or surgical unit

Reasons were classified as
opioid-related if patient
presented to the hospital for
an opioid-related disorder,
poisoning by opioids, or
fractures.

Home community, long term
care

Patients, who were part of the
initial randomized controlled
trial

From hospital
chart

From hospital
chart

From
hospitalization
data

Patient chart

Patient chart

Upon admission to
the hospital

Upon admission to
the hospital

During the hospital
stay

Upon discharge

Upon discharge

Binary, time-
fixed
Binary, time-
fixed
Binary, time-
fixed

Binary, time-
fixed
Binary, time-
fixed
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Appendix 6-C.2. Operational definitions of opioid use duration.
a. Definition of opioid exposure based on cumulative duration of opioid use.
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b. Definition of opioid exposure based on continuous duration of opioid use.
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Supplement Method 6-C. Operational definitions of opioid use durations
Cumulative duration of past use assessed the long-term impact of opioids, where the effect on the outcome persisted upon

discontinuation: defined as the total number of days exposed, calculated by summing the durations of all dispensations between cohort

entry (first opioid dispensation) and a given day during the follow-up. Cumulative users represented patients who used opioids only
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when needed, thus accumulating use over time. On the other hand, we assessed continuous duration where the effect of opioids

accumulated by dispensation supply but the risk returned to baseline after discontinuation. Continuous duration was defined similarly

but was allowed to increase only during the periods of un-interrupted use and was reset to zero if there was a gap of >5 days between

subsequent dispensations.

Appendix 6-D. Additional results from descriptive analyses and main models.

Appendix 6-D.1. Overall characteristics of the opioid prescriptions dispensed by patients according to opioid type and potency.

Days’ Supply

Mean (SD), Median, IQR

Daily Dose
Mean (SD), Median, IQR

Ingredient Person-Months * Quantity

(molecule) Mean (SD), Median, IQR
Codeine 29.6 52.8 (44.9), 30.0, 16.0 — 70.0
Morphine 31.5 31.9 (31.7), 21.0, 7.0 - 50.0
Oxycodone 32.9 41.0 (41.6), 30.0, 14.0 — 60.0
Hydromorphone 28.9 37.5(42.7),21.0,12.5-60
Fentanyl 32.1 8.5 (4.5), 10.0, 5.0-10.0

14.9 (11.8), 8.0, 6.0 — 31.0
11.4 (9.9), 8.0, 6.0 — 11.0
12.1 (9.8), 8.0, 6.0 - 15.0
10.3 (9.3), 8.0, 5.0 - 11.0
22.0 (9.4), 27.0, 16.0 — 31.0

20.9 (11.0), 17.7, 145 26.3
29.9 (31.4), 18.8, 15.0 — 35.0
40.4 (35.7), 30.0, 21.8 - 52.5
59.2 (65.2), 32.0, 20.6 — 69.7
108.4 (110.9), 58.1, 27.9 — 168.7

*per 1000 per month; person-month represents person-time from discharge until last date when patients had a supply for that drug during the follow-up period.

Appendix 6-D.2. Sensitivity analyses excluding patients with more than three opioids dispensations in the one year before initial
hospital admission (final cohort N=1468)

Opioid Exposure Metric HR 95% ClI
Stabilized Weights

Current Opioid Use

No use Ref Ref

Use 1.76 1.23-2.52

Cumulative Duration of Opioid Use

1-30 Ref Ref

30-60 1.53 0.98 —2.40

60-90 2.15 1.15-4.02

>90 2.60 1.57 -4.30
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Appendix 6-D.3. Sensitivity analyses excluding patients with an opioid dispensation in the one-year prior to their initial admission
(final cohort N=884)

Opioid Exposure Metric HR 95% ClI
Stabilized Weights

Current Opioid Use

Non-users Ref Ref

Users 2.40 1.31-4.41
Cumulative Duration of Opioid Use

1-30 Ref Ref

30-60 1.05 0.49 -2.22
60-90 1.43 0.46 —-4.44
>90 9.46 4.69 - 19.08

Appendix 6-D.4. Breakdown of the reasons for the healthcare encounters in the one-year post-discharge among patients with at least
one opioid dispensation.

N (%) *
Drug dependence, morphine type 2 (3.9
Fractures 219 (51.8)
General symptoms, dizziness and giddiness 78 (18.4)
Functional digestive disorders, constipation 58 (13.7)

Symptoms involving digestive system, nausea and vomiting 66 (15.6)
* Total number of reasons does not equal the total number of patients as multiple diagnoses may have been recorded per patient at admission.

Appendix 6-D.5. Analyses for current opioid use and cumulative duration of opioid use based on age.
Opioid Exposure Metric  Average Starting Dose (MME)  Average Daily Dose (MME) HR 95% ClI
Mean (SD) Mean (SD) Stabilized Weights

Current Opioid Use

Patients <64 years of age

No use 34.9 (21.9) - Ref -

Use 49.9 (51.9) 71.8 (91.1) 3.38 1.60-7.13
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Patients >64 years of age

No use 32.8 (17.9) - Ref -

Use 35.9 (36.0) 48.1 (61.7) 2.01 1.20-2.34
Cumulative Duration of Opioid Use

Patients <64 years of age

1-30 41.2 (36.3) 49.2 (55.8) Ref -

30-60 47.4 (46.8) 67.3 (88.3) 2.79 1.24 -6.28
60-90 49.9 (49.1) 76.6 (97.8) 0.65 0.13-3.24
>90 57.7 (62.4) 89.8 (107.3) 3.23 1.15-9.44
Patients >64 years of age

1-30 33.5(28.3) 37.4 (35.9) Ref -

30-60 35.1(34.9) 42.1 (58.1) 1.54 0.84 -2.82
60-90 27.2 (40.8) 54.1 (74.5) 4.31 2.08 -8.93
>90 38.6 (42.1) 60.3 (77.1) 5.29 2.29-12.2

Note: Results in the Appendix were presented for all interactions, regardless of statistical significance, as, in previous research, these subgroups have been
studied separately and having distinct estimates could serve to provide meaningful comparisons across these subclinical populations. The two-way interaction
terms p-values with current opioid use and age (0.22); the two-way overall interaction terms p-values with cumulative duration of opioid use and age were 0.05.
With respect to the various categories of cumulative duration of use, the respective p-values were the following: 0.24 (30-60 days), 0.03 (60-90 days), 0.41 (>90

days).

Appendix 6-D.6. Analyses for current opioid use and cumulative duration of opioid use based on treatment indication.
Opioid Exposure Metric  Average Starting Dose (MME)  Average Daily Dose (MME) HR 95% ClI
Mean (SD) Mean (SD) Stabilized Weights

Current Opioid Use
Medical Patients

No use 25.9 (27.0) - Ref -

Use 45.1 (58.4) 46.6 (53.9) 1.10 0.65—1.88
Surgical Patients

No use 37.8 (17.3) - Ref -

Use 37.6 (20.5) 68.0 (91.0) 3.55 1.82 -6.85
Non-cancer patients

No use 29.5 (18.3) - Ref

Use 38.9 (48.9) 53.9 (77.2) 1.89 1.02 -3.49
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Cancer patients

No use 38.8 (48.8) - Ref

Use 43.6 (36.5) 59.9 (72.4) 1.58 0.87 — 2.87
Cumulative Duration of Opioid Use

Medical Patients

1-30 36.7 (49.7) 47.1 (63.9) Ref -

30-60 41.6 (53.8) 60.1 (83.2) 1.87 0.98 - 3.53
60-90 44.2 (56.9) 69.5 (92.6) 1.73 0.68 —4.42
>90 50.2 (62.9) 79.7 (101.1) 2.26 0.94-543
Surgical Patients

1-30 35.9 (18.8) 38.9 (31.5) Ref -

30-60 38.3 (20.9) 44.0 (59.3) 1.22 0.55 - 2.69
60-90 39.9 (20.9) 54.8 (74.1) 4.81 1.76 - 13.1
>90 39.9 (22.7) 59.7 (71.2) 7.80 3.20-19.1
Non-cancer Patients

1-30 33.0(35.8) 38.5 (47.6) Ref -

30-60 38.1 (47.4) 55.0 (84.7) 1.53 0.72 -3.27
60-90 40.4 (51.8) 61.6 (90.6) 2.25 0.76 — 6.64
>90 44.4 (58.0) 66.9 (90.4) 2.25 0.78 — 6.50
Cancer Patients

1-30 39.3 (25.8) 44.5 (39.7) Ref -

30-60 41.6 (32.5) 48.9 (58.4) 1.85 0.98 - 3.49
60-90 44.1 (36.2) 64.2 (79.4) 3.26 1.36 -7.81
>90 48.6 (45.5) 78.3(93.1) 4.43 1.85-10.6

Note: Results in the Appendix were presented for all interactions, regardless of statistical significance, as, in previous research, these subgroups have been
studied separately and having distinct estimates could serve to provide meaningful comparisons across these subclinical populations. The two-way interaction
terms p-values with current opioid use and discharged unit (0.003), cancer diagnoses (0.68); the two-way overall interaction terms p-values with cumulative
duration of opioid use and discharged unit were 0.03 and with cancer diagnoses, 0.65. Despite the overall-value for the interaction between hospital discharge
unit and cumulative duration of use, only the duration of more than 90 days showed to be significant (p-value = 0.02) as such, only results for this subclinical

category were presented, along with the estimate for current opioid use, which also tested significant.
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Appendix 6-D.7. Results from statistically significant additional interactions terms between current and cumulative duration of opioid
use and concurrent use of buprenorphine/methadone and benzodiazepines.

Opioid Exposure Metric Average Starting Average Daily Dose HR 95% ClI
Dose (MME) (MME) Stabilized
Mean (SD) Mean (SD) Weights

Current Opioid Use
No concurrent use with buprenorphine/methadone

No use 33.4(19.1) - Ref -

Use 41.0 (43.3) 56.6 (74.9) 1.76 1.07 - 2.89
Concurrent use with buprenorphine/methadone

No current daily opioid use 85.8 (51.7) - Ref -

Current daily opioid use 52.1(34.9) 81.1(73.9) 0.08 0.01-1.21
Cumulative Duration of Opioid Use

No concurrent use with benzodiazepines

1-30 36.1(31.2) 41.4 (43.9) Ref -

30-60 39.9 (40.1) 51.8 (72.0) 1.57 0.92 —2.68
Concurrent use with benzodiazepines

1-30 38.1 (41.6) 42.7 (48.6) Ref -

30-60 38.3 (46.9) 53.3(79.8) 6.81 1.89-24.6

Note: The results in main text as well as in the Appendix table were presented only for interaction terms which were significant. For example, the likelihood ratio
test for the interaction between current daily opioid use and opioid formulation had a p-value >0.05 and thus, results were not shown. The corresponding p-values
for the two-way interaction terms between current opioid use and use of methadone/buprenorphine (0.03); the p-value for the two-way interaction terms between
cumulative duration of opioid use of benzodiazepines (0.045). Despite the overall significant p-value for the interaction between concurrent users of
benzodiazepines and cumulative duration of use, only the duration between 30-60 days of use showed to be significant for concurrent opioid and benzodiazepine
use (p-value = 0.035) as such, only results for this subclinical category were presented.

Appendix 6-D.8. Characteristics of patients in the weighted study population according to the receipt of an opioid dispensation at 10
days since beginning of follow-up.

Characteristic No Opioid Dispensation Opioid Dispensation Absolute Standardized
Difference

Age, mean 67.1(13.6) 67.1(13.2) 0.001

Male 60.40 58.92 0.03
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Length of hospital stay (> 6 days)
Hospital unit

Internal medicine

Cardiac Surgery

Thoracic surgery

Healthcare Utilization

Number of dispensing pharmacies ( >1)
Radiotherapy

Chemotherapy

Pain Regiment at Discharge
Opioids

Analgesics

In-Hospital Medication Use
Antidepressants

Opioids

Benzodiazepines

Analgesics

Medication Use

History of opioid use
Benzodiazepines

Analgesics

Antidepressants

Targeted Comorbidities

Cancer

Mental illness

Opioid and non-opioid substance abuse
Alcohol abuse

Pain Syndromes

Cardiovascular Diseases
Cerebrovascular Diseases
Chronic obstructive pulmonary disease

77.15

24.48
51.05
24.47

0.3465
0.1044
0.1220

0.7980
0.8433

0.1138
0.9247

0.8131
0.9624

0.2912
0.0261
0.0853
0.0242

0.6672
0.1730
0.0401
0.0179
0.4870
0.5727
0.0905
0.2160

82.27

28.46
30.77
40.77

0.3257
0.1500
0.1836

0.7810
0.7950

0.1785
0.9333

0.7704
0.9691

0.4426
0.0201
0.0801
0.0278

0.6191
0.1553
0.0292
0.0201
0.3975
0.5441
0.1066
0.2194

0.13

0.09
0.41
0.35

0.04
0.13
0.17

0.04
0.12

0.18
0.03

0.10
0.03

0.31
0.04
0.02
0.02

0.10
0.05
0.06
0.02
0.18
0.06
0.05
0.008

149



Appendix 6-D.9. Sensitivity analyses assessing the impact of unmeasured confounder on the risk of opioid-related adverse events
associated with daily opioid use and daily opioid dose.

ED visits/re-admission/death  ED visits/re-admissions Death
Current Daily Use
No Ref Ref Ref
Yes 1.50 (0.91 — 2.49) 1.71 (0.86 — 3.42) 1.37 (0.69 — 2.71)
MME Daily Dose
<90 Ref Ref Ref
>90 3.49 (1.57-7.73) 1.06 (0.30 — 3.76) 5.81 (2.11 - 16.03)

Appendix 6-D.10. Sensitivity analyses looking at the risk of opioid-related adverse events such as fractures and dizziness, which led to
an ED visit or re-admission associated with daily opioid use and daily opioid dose.

Opioid Exposure  Fracture- Fracture-related ED visits/re- Other opioid- Other opioid-related reseD
Metric related events admissions related events visits/re-admissions
Current Opioid

Use

No use 59 Ref 33 Ref

Use 29 1.46 (0.66 — 3.24) 26 1.69 (0.65 — 4.33)
Cumulative Duration of Opioid Use

1-30 52 Ref 37 Ref

30-60 13 1.52 (0.69 — 3.33) 12 1.54 (0.60 — 3.94)
60-90 6 2.10 (0.62 — 7.10) 2 -

>90 17 2.21 (0.83 —5.88) 8 1.60 (0.43 — 6.00)
Continuous Duration of Opioid Use

0 59 Ref 33 Ref

1-30 15 1.18 (0.24 - 5.69) 20 2.58 (0.79 — 8.45)
30-60 5 3.86 (0.96 — 15.5) 2 1.76 (0.38 — 8.06)
>60 9 0.71 (0.23 — 2.16) 4 0.62 (0.13 —3.06)
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MME Daily Dose
<90 81 Ref 33 Ref
>90 7 1.88 (0.58 — 6.01) 26 0.82 (0.11 -5.97)

Appendix 6-E. Flowchart of eligible patients.

8,378 patients admitted to surgical & internal medicine units at MUHC between
October 2014 & November 2016

1.468 (18%) Patients discharged from or transferred to non-study unit
» 34 (4%) Patients transferred to another hospital
1,930 (23%) Patients without either RAMQ coverage or RAMQ prescription
drug coverage

4,656 eligible patients

i —> 1,089 (23%) Patients declined study or were not approached

3,567 cligible patients

i —p 81 (2%) Patients died in hospital

3,486 eligible patients discharged alive to the community

post-discharge
10 (0.3%) Patients with prior use of buprenorphine/naloxone/methadone in the
one-year baseline

i } 1965 (56.3%) Patients who did not fill an opioid prescription within 90 days’

1511 eligible consenting patients
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7. Objective 4

Kurteva S, Abrahamowicz M, Beauchamp ME, Tamblyn R. Flexible modeling of opioid
exposure provides new insights in its association with adverse outcomes. [Prepared for journal

submission]

7.1 Preamble

This study used novel methods of modelling time-varying exposures to better understand the
mechanism behind opioid-related morbidity/mortality and opioid use. Conventional models
assume that the risk of adverse events is a linear function of the duration of use. In addition, they
fail to consider that the impact of past exposure may depend not only on the total duration of past
use but also on how recently past exposures occurred. In this paper, | investigated how flexible
extensions of the marginal structural Cox proportional hazards models and the use of different
methodological approaches to measure dynamic opioid exposures could improve our
understanding of how opioid-related adverse events may vary depending on the current and past

opioid use.

This manuscript has been written as a standalone paper for journal submission.
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ABSTRACT:

Background: Previous research linking opioid prescribing to adverse drug events failed to

properly account for the time-varying nature of opioid exposure.

Objectives: To explore how the risk of opioid-related emergency department visits, re-
admissions or deaths (composite outcome) varies with opioid dose and duration, using novel

modeling techniques.

Methods: A prospective cohort of 1,511 hospitalized patients was followed from the first post-
discharge opioid dispensation until one year post-discharge. Marginal structural Cox
proportional hazards models (MSM Cox) and their flexible extensions were used to explore the
association between time-varying opioid use and the composite outcome. Weighted cumulative
exposure (WCE) models assessed cumulative effects of past use and explored how its impact

depends on the recency of exposure.

Results: The patient mean age was 69.6 years (SD = 10.3), 57.7% were male. In MSM analyses
current opioid use was associated with a 71% risk increase (aHR): 1.71, 95% CI (1.21 — 2.43).
The WCE results suggested that the risk cumulates over the past 50 days of opioid consumption.

Conclusion: Flexible modeling techniques allowed us to better assess how the risk of opioid-

related adverse events may be associated with the non-linear nature of continuous opioid

exposures and the recency of past use.
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7.3 Introduction

Opioids are the most commonly prescribed medications for the treatment of pain.?® Trends of
increasing use of prescribed opioids have been accompanied by marked increases in opioid-
related morbidity and mortality. " Recent research suggests that even short-term use may lead to

increased risk of adverse effects. 63

Understanding how risks vary depending on the duration of opioid therapy and/or opioid
consumption patterns is instrumental in developing evidence-based prescribing guidelines and
public health strategies for addressing the growing problem of the opioid epidemic. 2% Yet,
research linking opioid prescribing to adverse drug events has a number of methodological
limitations. Most previous studies failed to account for dynamic changes in patients’
comorbidities and concurrent medication use, which may induce bias, possibly due to
confounding by indication. Currently, no consensus exists as to what duration of opioid use
should be considered potentially harmful.*?® Furthermore, most published analyses relied on
arbitrarily selected thresholds for “safe” duration of opioid use, such as 90 days. 20:50.62,68,202,203
Yet, it is plausible that the risks of adverse events increase gradually with increasing cumulative
dose and/or duration of past opioid use. 24 Conventional models assume that the risk of adverse
events is a linear function of the duration of use, and fail to consider that the impact of past
exposure may depend not only on the total duration of past use but also on how recently past

exposures occu rred.

To avoid such limitations, the over-arching goal of the present study was to apply flexible
statistical modeling to gain further insights regarding how risks of adverse events may vary
depending on the current and past opioid use. First, we assessed the association between time-
varying opioid exposures and the risk of opioid-related emergency department visits, hospital re-
admissions or all-cause death in the one-year following hospital discharge, while accounting for
duration, doses and recency of past opioid use. Second, we assessed whether the methodological
approach used to model time-varying opioid exposures had an impact on the results and

conclusions. To enhance the validity of the results, we adjusted for multiple potential
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confounders measured using comprehensive data from multiple sources: dispensing pharmacy

records, in-hospital medical records and opioid prescriptions written at hospital discharge.

7.4 Methods

Design and Study Population: A prospective cohort of opioid users who filled at least one
opioid prescription 3 months’ post-discharge was assembled from the participants of a cluster-
randomized trial of medication reconciliation conducted at the McGill University Health Centre
(MUHC) between October 2014 and November 2016. 205

Data Sources: Demographic, clinical, health care service use and prescription claims were
retrieved from the admission notes and provincial health care administrative databases (RAMQ
medical services and RAMQ prescription claims data) in the year prior to and the year after the
hospitalization. Dates of admission and discharge, admitting and discharge unit, patient
demographics, health problems at admission and discharge, major procedures (surgeries,
treatment interventions) were retrieved from the provincial hospitalization database. Diagnoses
and medications taken (i) at admission, (ii) in-hospital, (iii) prescribed at discharge and (iv)
dispensed in the community post-discharge were abstracted from the MUHC Data Warehouse
and the RAMQ prescription files, one of the few databases in the world that links information on

all four sources of medication use.

Outcomes: We used a composite endpoint of the earliest of the first opioid-related emergency
department (ED) visit and/or re-admission, or death due to any cause, in the one year post-
discharge. Outcomes were ascertained using RAMQ provincial medical services claims and
hospitalization databases, to ensure that all ED visits and re-admissions were included. An
adverse event was considered opioid-related if there was a diagnosis of opioid abuse, opioid
dependence, and/or opioid poisoning at the time of the ED visit or hospitalization, or there was a
diagnosis of one or more common opioids side effects 11: constipation, nausea, vomiting,
dizziness or fractures. 172176 All recorded ICD-9 codes were retrieved to provide comprehensive

information on the potential reasons for the opioid-related ED visits/re-admissions.
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Opioid Use: Time-varying opioid use one-year post-discharge was measured using RAMQ
pharmacy administrative claims, which document, for each prescription filled, the specific
medication using the drug identification number (DIN), strength, dispensing date and quantity,
and prescription duration. Appendix 7-B provides details of how daily exposure status and dose
were re-constructed. DINs mapped to the Anatomical Therapeutic Chemical (ATC) codes NO2A,
RO5DA were used to identify opioids. On each day, an individual was classified as having a
dispensed opioid available or not. A 5-day grace period was added to the end of each
dispensation because, for take-as-needed prescriptions, patients may take some of the unused
pills for a few days after the prescription end. The daily dose of each opioid was reconstructed
based on the number of pills dispensed, their strength and prescription duration. For concurrent
prescriptions, a subsequent dispensation was considered as an early prescription if overlap was
<30% of the previous dispensation duration. Otherwise, the opioids were considered to be taken
simultaneously. Daily dose was converted to morphine milligram equivalent (MME) doses using
the Center for Disease Control Opioid Morphine Equivalent Conversion Factor and the

concurrently dispensed doses were added together. 170

Opioid Exposure Metrics: As the potential mechanism that relates past and/or current opioid use
to an increased risk is not known, ignoring the complex time-varying nature of the exposure may
lead to etiologically incorrect conclusions. 184 Thus, based on the aforementioned daily exposure
data, we used four alternative time-varying metrics of opioid use, updated at every day during
follow-up: (i) cumulative or (ii) continuous duration of past opioid use, and (iii) current daily
opioid dose, and (iv) a binary indicator of current opioid use. Cumulative duration of past use
was defined as the total number of past days when the subject was exposed, calculated by
summing the durations of all dispensations between cohort entry and the current day during
follow-up. In contrast, continuous duration was limited to days of the current on-going
uninterrupted exposure and, accordingly, was reset to zero each time there was a gap of more

than 5 days between subsequent dispensations. 106,
Potential Confounders: Potential risk factors for long-term opioid use and opioid-related harms

were identified from the literature. 62.74.161.206-211 Tha haseline time-invariant covariates included

patient demographics and healthcare utilization in the one year prior to hospitalization. We also
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accounted for time-varying comorbidities that may increase one’s risk of having an opioid
dispensation 50 (Appendix 7-A.1). To account for fragmentation in healthcare associated with
lower quality of care and increased risk of adverse outcomes, or opioid seeking behavior because
of increasing dependence #446 \we measured the time-varying cumulative number of distinct
prescribers and dispensing pharmacies since discharge. Time between hospital discharge and

first opioid dispensation was included as a continuous covariate.

Statistical Analyses: Descriptive statistics were used to summarize patient, provider and
healthcare system characteristics. For all analyses, we used multivariable marginal structural Cox
proportional hazards (PH) models (MSM Cox) 182212 and their flexible extensions. This allowed
us to estimate the associations between time-varying opioid use and the time to the composite
outcome, while controlling for any time-varying confounders that may also be affected by prior
opioid exposure. Time zero corresponded to the start of the first post-discharge opioid
dispensation, and patients who had no events until one year post-discharge were censored at that
time. Time-varying and time-fixed covariates were used to estimate time-varying stabilized
inverse probability treatment (IPT) weights 85186 for opioid exposure, at each 10-day interval
(see Appendix 7-A.1 for information on included covariates). To avoid variance inflation and/or
unstable estimates due to extreme weights, stabilized IPT weights were truncated at the 95™

percentile. 18

For each exposure metric, we first fit the conventional MSM Cox PH model, which imposed two
restrictive assumptions. Specifically, the linearity assumption implies that the logarithm of the
hazard is a linear function of continuous exposure metrics, whereas the PH assumption implies
that hazard ratios are constant across the follow-up. 212 Yet, either or both assumptions may often
be violated (see Appendix 7-B, Supplement 7-B.3. for a detailed discussion). To avoid these
restrictive assumptions and further explore if and how the hazards of the adverse events may
vary depending on the duration, recency and/or dose of past opioid use, we employed two
different flexible extensions of MSM Cox models. The first focused on the roles of (i)
cumulative and (ii) continuous duration of past opioid use, and (iii) current daily MME opioid
dose, log-transformed because of very skewed distribution. First, we tested for the association of

each time-varying opioid exposure metric with the hazard of adverse events the (a) PH
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assumption, and, for continuous exposure metrics, the (b) linearity assumption. 5! If at least one
of these assumptions were rejected, at 2-tailed a=0.05 for the respective likelihood ratio tests, 1>
we relied on the flexible extension of the Cox model to estimate, respectively, the (a) time-
dependent (TD) and/or (b) non-linear (NL) effects of the corresponding exposure metric. 214 The
estimated TD effect describes how the strength of the association between a given exposure
metric and the hazard changed during follow-up, whereas the NL estimate indicates how the
logarithm of the hazard changed with the increasing value of a metric 24, and may possibly
suggest an approximate threshold for the association of interest. 215> The 95% CI for NL and TD
estimated effects were estimated using bootstrap resampling. 24 In sensitivity analyses, to
provide a comprehensive assessment of the different aspects of exposure history, we estimated
flexible models with non-linear effects of both current daily dose and either continuous or

cumulative duration of opioid use.

The second type of flexible models helped explore if and how the potential adverse effects of
past opioid exposure accumulate over time. 2% Specifically, we hypothesized that the impact of
past exposure may depend not only on the total duration of past use or on the total past
cumulative dose, but also on how recently the past exposures did occur. We used the flexible
recency-weighted cumulative exposure (WCE) model, in which the cumulative effect of a time-
varying exposure, at a given day during follow-up, is modeled as a weighted sum of (a) past
doses or (b) binary indicators of use at different days in the past. 26 In contrast to the
conventional (unweighted) metrics of (a) cumulative sum of all past doses or (b) total duration of
past use, the time-varying WCE metrics assign differential weights to past exposures/doses.
These weights depend on the time elapsed since exposure, and reflect the relative impact of
doses taken, e.g., one week ago vs. three weeks ago on the current hazard. The weight function is
estimated using flexible cubic regression splines. 22" We used the MSM WCE model with the

same IPT weights as in the aforementioned conventional MSM Cox models. %8

Preliminary WCE analyses indicated a lack of systematic association between opioids used more
than four months ago and the current hazard of adverse events (data not shown). Thus, in the
final WCE analyses we considered only opioid use within the most recent 120 days. We then fit

alternative WCE models of increasing flexibility/complexity, with 1-3 interior knots uniformly
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placed across the 120-day time window, and chose the best-fitting model based on the minimum
Akaike Information Criterion (AIC). 22" The weight function was constrained to smoothly decay
to zero at the end of the 120-day window. Based on the final best-fitting WCE model, we
estimated hazard ratios for pre-specified, clinically relevant patterns of past opioid use, relative
to no use of opioids in the past 120 days. ?*° The 95% pointwise confidence bands for the weight

functions were obtained using bootstrap re-sampling. 27

AIC was also used to compare the goodness of fit of (i) flexible versus conventional models for
the same exposure metric, and (ii) models that used alternative exposure metrics. Based on
simulation results, an AIC difference of 4 or more points indicates that the model with lower

AIC is more consistent with the true way time-varying exposure affects the risks. 18

MSM Cox models were implemented with R and flexible spline-based were implemented with
customized programs in R, including the CoxFlex function for NL/TD effects and the WCE

package. 1

7.5 Results

The mean age was 69.6 years (SD=10.3) with slightly more males (57.7%) (Table 7-1). The most
commonly dispensed opioids post discharge were oxycodone (69.1%) and hydromorphone
(45.6%). Sixteen percent (n=241) of the cohort had a potentially opioid-related emergency
department visit, hospitalization or died in the one year after hospital discharge, with a mean
time from discharge to the event of 129.7 days. Fractures (55.4%), nausea and vomiting (17.7%)
and dizziness (14.4%) accounted for most of the potentially opioid-related ED visits/re-
admissions. In conventional MSM Cox models, current opioid use was associated with a 71%
increased hazard of the composite outcome of adverse events or all-cause mortality (adjusted
hazard ratio (aHR): 1.71, 95% ClI (1.21 — 2.43)) (Table 7-2). Compared to short duration of use
(1-30 days), there were two-fold hazard increases associated with past cumulative duration of
opioid use between 60-90 days (aHR of 2.39, 95% CI (1.34 — 4.29)) and more than 90 days
(aHR: 2.61, 95% CI (1.59 — 4.27). Uninterrupted continuous opioid use of 30 to 60 consecutive
past days was also associated with a 2-fold increased risk (aHR: 2.57, 95% CI (1.45 — 4.55),

compared to patients not currently using opioids. A dose-response relationship was observed for
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increasing daily opioid dose. Compared to <50 MME:s, there was a four-fold hazard increase for
current daily doses exceeding 90 MME (aHR of 4.84, 95% CI (2.94 — 7.99).

Among the four conventional exposure metrics, the log-transformed current MME dose fit the
data best (lowest AIC, last column of Table 7-3). For each of the four opioid exposure metrics
considered, flexible modeling improved the models’ fit to data, with very substantial AIC
reductions of 11 or more points (Table 7-3). On the other hand, there was no evidence of time-
dependent effects of current opioids use or dose, or of duration of cumulative or continuous use
(all p-values above 0.079 when the significant NL effect was accounted for; data not shown).
This indicated that the proportional hazards assumption was approximately valid and, thus, the
strengths of the corresponding associations did not vary during the one year follow-up. Overall,
these results indicate that both non-linear effects of continuous exposure metrics and weighted
cumulative effects of past use or past doses should be considered when assessing how the risks

vary depending on opioid exposure patterns.

The non-linear estimate in Figure 7-1 shows that the risk of opioid-related adverse events
increases gradually as total time-varying cumulative duration of past opioid use increases up to
about 50-60 days. With further increases above 2 months of cumulative use, risk increases are
only moderate and there is no evidence of further impact of durations longer than 100 days of
use, when the curve reaches a plateau and the estimates become very imprecise with wide 95%
ClI (Figure 7-1), because only a relatively few subjects accumulated such long exposures during
follow-up. This flexible NL MSM fits the data much better than the conventional linear Cox
MSM (Table 7-3) and reveals much higher impact of increasing cumulative duration of past

opioid use beyond a few weeks.

The NL estimate for the continuous uninterrupted duration of recent use suggests an even more
pronounced non-linearity, with very steep risk increases within the first two weeks of recent
uninterrupted use (Figure 7-2). However, the NL model for cumulative duration shows a much
better fit (12 points improvement in AIC, Table 7-3), suggesting continuous duration of use is
relatively less relevant. Finally, the NL estimate in Figure 7-3 indicates that the risk increases
continuously with increasing current log-transformed daily opioid MME dose, with steeper

increases for higher doses. This model showed the best fit among all possible models and opioid
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exposures tested (Table 7-3).

In sensitivity analyses, where the duration of use was additionally adjusted for the non-linear
effect of current daily dose, there were even greater improvements AIC reductions of 65 points
for continuous and 35 points for cumulative use (Appendix 7-C, Table 7-C.1). The non-linear
effect of cumulative duration of use shows similar patterns with or without adjusting for daily
dose (Appendix 7- C, Figure 7- C.1a). However, for continuous duration of use, the NL estimate
changes considerably when adjusted for daily dose and shows decreasing hazard for any increase
in duration, even in the low range of first two weeks (solid curve in Figure 7-C.2b), where the
NL estimate not adjusted for dose indicates increasing hazard (dashed curve in Figure 7- C.2b).
This pattern of results suggests that among patients on the same current dose, the hazard
decreases with longer continuous opioids use, possibly due to improved tolerance and/or healthy
survivor effect. As a corollary, these results indicate that higher hazard for longer continuous
duration of use (when not adjusted for current daily dose) may partly reflect higher daily doses of
long-term users. Indeed, daily dose and continuous duration of use were strongly correlated:

Pearson r=0.65.

The aforementioned non-linear effects of cumulative duration of opioid use are generally
consistent with the results of flexible WCE analyses in Figures 7-4 and 7-5. The horizontal axis
shows the number of days elapsed (t) since the exposure, and the vertical axis shows the
corresponding estimated weights, reflecting the relative strength of the association between
opioid use “t days ago” and the current hazard of opioid-related re-admissions/ED visits or death.
The estimated weight functions for both (i) past use (Figure 7-4) and (ii) past log-transformed
doses (Figure 7-5) suggest that their impact cumulates over the previous 40 or 50 days, when the
estimated weights are positive. However, the WCE model for the past daily dose fits the data
much better (by about 15 AIC points, Table 7-3) underscoring the importance of accounting for
differences in dosage. The corresponding weight function indicates that most recent opioid doses
have the highest impact on the current risk of adverse events whereas doses taken more than a

month ago have only very minor effects.
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Table 7-4 illustrates clinical implications of WCE results. The upper part of Table 7-4 shows
how the adjusted hazard ratio (aHR), relative to no opioid use in the past 120 days, increases
with increasing duration of recent use. Uninterrupted opioid use in the past 30 or 60 days is
associated with important risks of adverse events or death (aHR: 4.86, 95% CI 1.56 — 6.67, and
aHR: 6.68, 95% CI 2.07 — 12.0, respectively). The lower part of Table 7-4, based on the WCE
model for log-transformed MME doses, shows that the aHRs associated with constant doses of
50-120 MME over the past 40 days, relative to no use, are very high, with even the lower 95%
ClI bounds indicating more than two-fold risk increases (e.g. for 50 MME: aHR: 5.92, 95% ClI
2.46 - 14.1). Compared to users of low-dose opioids (25 MME), daily dose of 90 MME was
associated with a 76% increased hazard (aHR of 1.76, 95% CI (1.33 — 2.32)) (Table 7-4).

7.6 Discussion

Advances in methods to accurately estimate the impact of opioid use are critical for improving
guideline recommendations. * We assessed the associations between opioid dose and duration of
use and the risk of potentially opioid-related adverse events by using novel flexible multivariable
modeling techniques to account for the dynamic nature of opioid use, and their cumulative
effects. We also considered alternative opioid exposure metrics and compared our results to

conventional Cox MSM models.

These new analytic techniques offered additional insights regarding possible mechanisms linking
opioid use to the risk of adverse events. The weight functions, obtained with the weighted
cumulative exposure MSM modeling %7218, indicated that most recent opioid use and doses have
the highest impact on the current risk of adverse events with relatively weak effects of doses
taken more than 30 days ago and no effects for exposures that occurred more than 50 days ago.
This finding was corroborated by flexible modeling of non-linear (NL) effects of duration which
indicated risk increases for up to 50-60 days of cumulative past opioid use. On the other hand,
the best-fitting NL model for daily dose, showed no evidence of threshold, with the risk

increasing continuously with increasing doses.

There is a paucity of observational research on how duration of opioid use is associated with

potentially opioid-related adverse events. Most evidence is based on clinical trials which lasted
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less than a year.*® A 2017 Cochrane report on clinical trials found that opioid use beyond 90 days
was associated with about three-fold and five-fold increases of risk of opioid dependence and
opioid overdose, respectively. 18 A few observational studies have assessed opioids use in the
first month following a hospitalization and found an increased risk of developing chronic opioid
use with longer duration of initial prescription. 2921156 However, the design of these studies
prevented accounting for longitudinal changes in opioids use and dose, which are expected for
pain medication treatment, due to dynamic changes in patient’s pain conditions. Consistent with
our NL analyses for daily dose, previous observational studies have also demonstrated important
dose-response relationships between opioids and adverse events such as fractures and opioid-

related mortality. 23942

In considering the strengths of this study, we linked multiple data sources to harness detailed
information on a multitude of potential confounders, in order to help improve the internal
validity of our study. In addition, we utilized modern epidemiologic and analytic methods such
as marginalized structural Cox models (Cox MSM) with inverse probability weighting. This
allowed us to accurately model the associations of interest while considering the dynamic pattern
of individual treatment regimens, and accounting for a patient’s medical history, that might have
partly affected their treatment changes, and medication taking behavior. Moreover, we applied a
flexible spline-based methods, adapted for Cox MSM analyses 2*8, for modeling (i) cumulative
effects of time-dependent opioid exposures, weighted by the recency of the exposure, as well as

(ii) non-linear effects of opioid dose. *

Some limitations of our work should be recognized. In all analyses, we reconstructed
prescription durations based on the pharmacist’s records but since opioids are given on a prn
basis, exposure measurement errors are possible. As in all observational studies, there is the risk
of unmeasured confounding. However, by including only patients with at least one post-
discharge opioid dispensation we reduce concerns about potential bias due to confounding by
indication. Lastly, whereas our analyses failed to demonstrate further risk increases with
cumulative duration of past opioid use continuing to increase beyond 100 days, the

corresponding estimates were very imprecise. This issue requires further studies, possibly using
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data sources from multiple healthcare systems, to replicate our findings in a larger cohort with

longer follow-up.

7.7 Conclusion

In conclusion, we found an increased likelihood of harm when using opioids for prolonged
periods and at higher doses, with the greatest risk associated with cumulative use in the past 60
days. Flexible modeling of recency-weighted cumulative opioid use/dose and non-linear effects
of current dose allowed us to illustrate how careful analyses that account for dose, duration and
timing of past exposures may improve the model’s fit to data and enhance our understanding of

the mechanism underlying potential adverse events of opioid exposure.
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Table 7-1. Selected characteristics of patients who filled at least one opioid prescription in the
three months’ post-discharge

Overall Hospital Discharge Unit
(n = 3486)
Internal Surgery
Medicine n=1119
n=2392(21.7%) (66.7%)
Mean age (SD) 69.6 (14.9) 67.7 (16.8) 66.9 (11.9)
N (%) N (%) N (%)
Male 2010 200 (51.0) 683 (61.0)
(57.7)
Length of hospital stay (> 6 days) 2930 351 (89.5) 875 (78.2)
(84.0)
Health Services Utilization: 1 Year Before Admission
Mean Mean (SD) Mean (SD)
(SD)
Emergency department visits 8.4 (8.5) 15.3 (20.3) 4.4 (8.1)
Hospitalizations 0.8(1.9) 0.9 (1.9 0.7 (1.8)
Number of physicians prescribing 0.6 (1.2) 1.9(2.2) 0.5(0.9)
opioids
Number of pharmacies dispensing 0.4 (0.6) 0.9 (0.7) 0.4 (0.6)
opioids
Medication Use: 1 Year Before Admission
N (%) N (%) N (%)
Active Opioid Prescription at Admission 504 (14.5) 186 (47.4) 105 (9.4)
History of opioid use 1206 283 (72.2) 344 (30.7)
> 3 opioid dispensations (34.6) 61 (15.6) 18 (1.6)
History of long-acting opioids 104 (2.9) 89 (22.7) 35(3.1)
146 (4.2)
History of methadone/buprenorphine 13 (0.4) 10 (2.6) 1(0.1)
Pain Regimen at Discharge
Opioids 1530 202 (51.5) 987 (88.2)
(43.9)
Non-opioid analgesics 2209 227 (57.9) 990 (88.5)
(63.4)
Comorbidities that may increase the risk of hospitalizations/ED visits
Mental illness 511 (14.7) 74 (18.9) 132 (11.8)
Dementia 213 (6.1) 25 (6.4) 13(1.2)
Substance & alcohol abuse 115 (3.3) 27 (6.9) 19 (1.7)
Pain Syndromes 1352 221 (56.4) 408 (36.5)
(38.8)
Cancer 1253 168 (42.9) 538 (48.1)
(35.9)
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Table 7-2. Results from conventional marginal structural Cox models for the association between different opioid exposure metrics
and risk of emergency department visits/re-admission or deaths.

Opioid Exposure Metric Average Average HR 95% ClI AIC
Starting Dose Daily Dose Stabilized
(MME) (MME) Weights *
Mean (SD) Mean (SD)
Current Opioid Use
No 33.5(19.3) - Ref Ref 2611.3
Yes 41.2 (43.3) 57.1(75.2) 1.71 1.21-2.43
Cumulative Duration of Opioid Use
1-30 33.7 (19.6) 41.3 (43.6) Ref Ref 2606.4
30-60 32.9 (24.7) 51.4 (71.5) 1.55 0.99-241
60-90 38.4 (35.5) 62.6 (85.0) 2.39 1.34 -4.29
>90 44.9 (48.2) 72.5(91.2) 2.61 1.59 - 4.27
Continuous Duration of Opioid Use
0 33.5(19.3) 0 Ref Ref 2611.4
1-30 36.1 (29.6) 41.5 (44.9) 1.08 0.52-2.23
30-60 41.3 (44.4) 57.9 (79.6) 2.57 1.45-4.55
>60 51.0 (59.9) 86.3 (104.6) 1.67 1.08 - 2.58
MME Current Daily Dose (log-
transformed)
<50 (log-transformed) 29.7 Ref Ref 2588.2
50-90 (log-transformed) 334 . 2.37 1.42 - 3.93
>90 (log-transformed) 44.8 4.84 2.94 -7.99

*The 95" percentile for the stabilized weight was 2.88 (mean =0.81, SD = 0.71). Covariates considered in the construction/calculation
of the weights: 1) demographic characteristics: indicator for a patient randomized to the RightRx intervention group, age at admission,
sex, copay status, 2) medical, prescription and healthcare use one-year before admission: unique number of dispensing pharmacies and
prescribers, hospitalizations and emergency department visits, the receipt of radiotherapy and/or chemotherapy services, type of
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cancer, history of mental health diagnoses, history of substance and/or alcohol abuse/dependence, targeted comorbidities which may
increase someone’s risk of opioid-related adverse events, history of chronic pain, previous opioid use, more than 3 opioid
dispensations, previous use of psychotropic medications, 3) in-hospital characteristics: presence of an opioid-related reason for index
admission, length of hospital stay, opioid administration during the index hospitalization, non-opioid pain medication administration,
use of antidepressant and benzodiazepines, hospital unit discharged from (medical vs surgical) from, type of surgery (cardiac vs
thoracic), 4) at discharge: receipt of an opioid prescription, prescribing reason (having had surgery, having anxiety or pain problems),
5) time-varying post-discharge characteristics: use of benzodiazepines, use of antidepressants, use of methadone/buprenorphine,
cumulative number of physicians, cumulative number of dispensing pharmacies, recent discontinuation of opioid use, recent increases
in opioid dose, recent add-on opioid therapy, updated targeted baseline medical comorbidities.

Table 7-3. Comparison of goodness of fit of conventional and flexible MSM models, with alternative time-varying opioid exposure
metrics

Opioid Exposure Metric Statistical Model AIC P-value
Current Use Conventional Cox MSM 2611.3
Flexible TD MSM 2610.8 TD: 0.087
Flexible WCE MSM 2591.4
Cumulative Duration of Use Conventional Cox MSM 2606.3
Flexible non-linear (NL) MSM 2584.0 NL: 0.000
Flexible TD MSM 2609.6 TD: 0.007
Flexible NL + TD MSM 2590.9 NL: 0.000, TD: 0.897
Continuous Duration of Use Conventional Cox MSM 2611.4
Flexible non-linear (NL) MSM 2596.0 NL: 0.000
Flexible TD MSM 2620.5 TD: 0.136
Flexible NL + TD MSM 2595.6 NL: 0.000, TD: 0.079
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MME Current Daily Opioid Dose Conventional Cox MSM 2588.2
(log-transformed)

Flexible non-linear (NL) MSM 2570.5 NL: 0.001

Flexible TD MSM 2583.8 TD: 0.394

Flexible NL + TD MSM 2577.7 NL: 0.007, TD: 0.928
Flexible WCE MSM 2576.5

Table 7-4. Results of weighted cumulative exposure (WCE) MSM Cox models: hazard ratio estimates for the association between
specific patterns of the past use and dosing regimens of opioid exposure and opioid-related healthcare encounters or death (95% CI)

Duration of Recent Opioid Use
(reference: no use)

10 last -days 20-last days 30 last days 60- last days
1.47 2.72 4.86 6.68

(0.68 — 2.35) (0.98 — 3.87) (1.56 — 6.67) (2.07 - 12.0)
Opioid Dose in the past 40 days

50 MME 90 MME 120 MME 90 MME

(ref = 0) (ref =0) (ref = 0) (ref = 25 MME)
5.92 7.69 8.75 1.76

(2.46 — 14.1) (2.81 -20.9) (3.00 — 25.3) (1.33-2.32)
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Figure 7-1. Non-linear effect of cumulative duration of opioid use and the risk of opioid-
related emergency department visits, re-admissions or deaths.
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Figure 7-2. Non-linear effect of continuous opioid use and the risk of opioid-related emergency
department visits, re-admissions or deaths.
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Figure 7-3. Non-linear effect of current log-transformed daily opioid dose and the risk of
opioid-related emergency department visits, re-admissions or deaths.
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Figure 7-4. Estimated weight function for current daily opioid use.
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Figure 7-5. Estimated weight function for current log transformed daily opioid dose.

\ — Best-fitting WCE curve
~ ---- Bootstrap 95% pointwise ClI

0.05
|

0.04
|

Weight
0.03
|

0.02
|

01

0.

0.00
|

-0.01

0 15 30 45 60 75 90 105 120
Time (f) elapsed (days)

174



Appendix 7-A. Inclusion of Covariates and Their Assessment in Inverse Probability Treatment
Weights Marginal Structural Models

Appendix 7-A.1. Description of available data on drug, patient, provider and system level

characteristics

Description

Opioid-related Characteristics

Opioid Dispensations

ATC code

Dose

Duration

Type of opioid

Anatomical Therapeutic
Chemical Classification
System code used to identify
opioids and other concurrent
medications that the patient is
taking

Opioids ATC Included:
NO2A, RO5DA

The daily amount of drug
taken by patient will be
calculated based on
information about the number
of tablets prescribed, strength
and number of days’ supply;
daily dose will be converted to
milligram morphine
equivalents to facilitate
comparisons across opioids.
The days’ supply on the drug
claim as entered by the
pharmacist

Type of opioid ingredient.
E.g; Hydromorphone,
oxycodone, morphine,
fentanyl, etc.

Opioid Administration in Hospital

ATC code

Anatomical Therapeutic
Chemical Classification
System code used to identify
administered opioids

Opioid Prescription at Hospital Discharge

Status of opioid
medication

Continued or stopped from
community, newly prescribed
at discharge

Measurement

RAMQ
prescription
claims.

From RAMQ
prescription
claims

From RAMQ
prescription
claims

From RAMQ
prescription
claims

Hospital
pharmacy

From patient
chart

Timing of
Measurement

In the community
one year prior to
admission and one
year post-discharge

In the community
one year prior to
admission and one
year post-discharge

In the community
one year prior to
admission and one
year post-discharge
One year post-
discharge

In hospital

At hospital
discharge

Functional
Form

N/A

Continuous,
categorical,
time-varying

Continuous,
categorical,
time-varying

Categorical,
time-varying

Categorical

Categorical,
time-fixed
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Pain-related including having
had surgery as well as other
diagnoses such as having
insomnia or anxiety as
recorder during the
hospitalization

The opioid prescription at
hospital discharge was part of
multi-modal pain treatment
regimen

Whether patient takes the
medication as prescribed or
deviated from the prescription
posology (e.g.; medication
taken less or more often than
directed to patient due to pain
complaints, complications,
side-effects, etc.)

Reason for opioid
prescribing

Presence of a multi-
modal pain
management regimen

Patient-reported
adherence to opioid
prescription given at
hospital discharge

Opioid-related Characteristics
Demographics

Age

Sex Male, Female

Drug insurance status E.g.; Full copay, partial copay,
no copay Serves as proxy for
socio-economic status.
Co-Existing IlInesses
History of mental
health conditions

E.g.; Anxiety, depression,
psychiatric diagnosis, mood
disorder, and post-traumatic
stress disorder

Pain syndromes E.g.; Chronic back pain, back
and neck pain, back disorder,
arthritis, migraine, headache,

fibromyalgia, fracture

From patient
chart

From patient
chart

RAMQ
prescription
claims to
determine
whether opioid

was filled post-

discharge;
Patient
interview to
assess if
patients are
taking the
drugs as
prescribed

From patient
chart

From patient
chart

From RAMQ
drug programs

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ICD-9 from
RAMQ
medical
services and

In-hospital

At hospital
discharge

30-days post-
hospital discharge

Admission to
hospital
Admission to
hospital
Admission to
hospital

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in

Categorical,
time-fixed

Categorical,
time-fixed

Categorical,
time-fixed

Continuous,
time-varying
Binary, time-
fixed
Categorical,
time-fixed

Binary per
condition,
time-varying

Binary per
condition,
time-varying
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Health conditions
Associated with abuse

Tobacco use

Cancer diagnosis

Other comorbidities

Drug and Healthcare
Utilization

Use of potential
interacting drugs
increasing the risk of
opioid misuse

Use of non-opioid pain
medications

E.g.; Alcohol abuse, drug
abuse

Patient-reported history of
tobacco use

E.g.; Metastatic, Non-
metastatic, Lymphoma

E.g.; Acute MI,
cerebrovascular diseases,
chronic kidney, COPD,
diabetes, heart failure,
hypertension, ischemic heart
disease, liver, obesity

E.g.; Selective serotonin
reuptake inhibitors, other
antidepressants,
benzodiazepines, other
antipsychotic drugs, central
nervous system depressants,
psychotropic medication

E.g.; NSAIDS, COX-2,
Acetaminophen, Gabapentin,
anti-migraine medications,
muscle-relaxants, other anti-

ICD-10 codes
from
hospitalization
data

From patient
chart. Also
from RAMQ
medical series
and
prescription
claims

From hospital
charts

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ICD-9 from
RAMQ
medical
services and
ICD-10 codes
from
hospitalization
data

ATC codes,
DIN, Generic
Drug name
used to extract
information
from RAMQ
prescription
claims,
hospital data,
patient chart.
ATC codes,
DIN, Generic
Drug name
used to extract
information

hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

At admission

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in
hospital, post-
discharge

In community one
year prior to
admission, in-
hospital, post-
discharge

In community one
year prior to
admission, in-
hospital, post-
discharge

Binary per
condition,
time-varying

Binary, time-
fixed

Binary per
condition,
time-varying

Binary per
condition,
time-varying

Binary per
drug, time-
varying

Binary per
drug, time-
varying
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Number of ED visits
and hospitalizations

Measures of Care
Continuity
Number of physicians

Number of dispensing
pharmacies

inflammatories and anti-
rheumatoid medications

Total number of ED visits and
hospitalizations

Number of unique physicians
that prescribed an opioid
medication to a patient in the
year post hospital admission
Number of unique pharmacies
that a patient has opioid
medications dispensed at in
the one year post to hospital
admission

Other Patient Drug Behavior Characteristics

Time since hospital
discharge

Discontinuation of
opioid use

Daily opioid dose
increase

Add-on opioid

The time elapsed between
patent’s hospital discharge
and their first opioid
dispensation

Recent discontinuation of
opioid use in the past 2 weeks

Recent increase in the daily
opioid use in the past 2 weeks

Recent add-on of another
opioid type in the past 2
weeks

In-hospital Characteristics

Hospital patient is
admitted to

Hospital unit the
patient is admitted to
Reason for index
hospital admission

Montreal General or Royal
Victoria hospital
Medical or surgical unit

Reasons were classified as
opioid-related if patient
presented to the hospital for
an opioid-related disorder,
poisoning by opioids, or
fractures.

from RAMQ
prescription
claims,
hospital data,
patient chart.
From RAMQ
prescription
claims and
hospital data

From RAMQ
medical
services

From RAMQ
medical
services

From RAMQ
prescription
claims and
hospital data
From RAMQ
medical
services
From RAMQ
medical
services
From RAMQ
medical
services

From hospital
chart

From hospital
chart

From
hospitalization
data

One year prior to
hospital admission
& one year post-
discharge

One year prior to
hospital admission
& one year post-
discharge

One year prior to
hospital admission
& One year post-
discharge

One year post-
discharge

One year post-
discharge

One year post-
discharge

One year post-
discharge

Upon admission to
the hospital

Upon admission to
the hospital

During the hospital
stay

Categorical,
continuous,
time-varying

Categorical,
continuous,
cumulative
time-varying
Categorical,
continuous,
cumulative
time-varying

Continuous,
time-fixed

Categorical,
time-varying

Categorical,
time-varying

Categorical,
time-varying

Binary, time-
fixed
Binary, time-
fixed
Binary, time-
fixed

178



Discharge Destination ~ Home community, long term  Patient chart Upon discharge Binary, time-

care fixed
RightRx patients Patients, who were part of the  Patient chart Upon discharge Binary, time-

initial randomized controlled fixed

trial

Appendix 7-B. Codes Used for Drug Classification and Rationale for Opioid Dose and Opioid
Duration of Use Calculations.

Supplement Method 7-B.1.

ATC codes used to identify opioids: NO2A (opioids), RO5DA (opium alkaloids and derivatives)

Exclusions: Not all drug forms were included in the analyses. Only patches and tablets of these
medications were kept. Injectable, liquid and rectal forms were excluded. Methadone and
buprenorphine/naloxone combinations were kept to define subclinical patient populations but
were excluded from all dosing/duration calculations as these medications are used to treat
addiction and we want to focus on the association of duration/dose of opioids used for pain

relief.

Supplement Method 7-B.2.

The daily dose of each opioid was calculated by first dividing the quantity of units dispensed by
the prescription duration to determine the number of units per day, and then multiplying the
number of units by the strength. To account for concurrent prescriptions, a subsequent
dispensation was considered as an early refill if days of overlap were <30% of the previous
dispensation duration. Otherwise, the opioids were considered to be taken simultaneously. Daily
dose of each dispensation was converted to MME doses using the Center for Disease Control
Opioid Morphine Equivalent Conversion Factor and the opioid doses determined to be

concurrently dispensed were added together.
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Appendix 7-B.1. Opioid Morphine Equivalent Conversion Factor *

Drug Name Conversion Factor
Buprenorphine patch’ 12.6
Buprenorphine tab or film 10
Butorphanol 7
Codeine 0.15
Dihydrocodeine 0.25
Fentanyl buccal or SL tablets, or Iozenge/troche3 0.13

. 4

Fentany! film or oral spray 0.18
Fentanyl nasal spray’ 0.16
Fentanyl patch6 7.2
Hydrocodone 1
Hydromorphone 4
Levorphanol tartrate 11
Meperidine hydrochloride 0.1
Methadone 3
Morphine 1
Nalbuphine 1
Opium 1
Oxycodone 1.5
Oxymorphone 3
Pentazocine 0.37
Tapentadol 0.4
Tramadol 0.1

1 Centers for Disease Control and Prevention, Atlanta, GA, May 2014.
2 The MME conversion factor for buprenorphine patches is based on the assumption that one milligram of parenteral buprenorphine is equivalent
to 75 milligrams of oral morphine and that one patch delivers the dispensed micrograms per hour over a 24-hour day. Example: 5 ug/hr
buprenorphine patch * 24 hrs = 120 ug/day buprenorphine = 0.12 mg/day buprenorphine = 9 mg/day oral morphine milligram equivalent. In other
words, the conversion factor not accounting for days of use would be 9/5 or 1.8. However, since the buprenorphine patch remains in place for 7
days, we have multiplied the conversion factor by 7 (1.8 X 7 = 12.6). In this example, MME/day for four 5 pg/hr buprenorphine patches dispensed
for use over 28 days would work out as follows: Example: 5 ug/hr buprenorphine patch * (4 patches/28 days) * 12.6 = 9 MME/day.
3The MME conversion factor for fentanyl buccal tablets, sublingual tablets, and lozenges/troche is 0.13. This conversion factor should be multiplied
by the number of micrograms in a given lozenge/troche.
4 The MME conversion factor for fentanyl film and oral spray is 0.18. This reflects a 40% greater bioavailability for films compared to
lozenges/tablets and 38% greater bioavailability for oral sprays compared to lozenges/tablets.
5 The MME conversion factor for fentanyl nasal spray is 0.16, which reflects a 20% greater bioavailability for sprays compared to lozenges/tablets.

6The MME conversion factor for fentanyl patches is based on the assumption that one milligram of parenteral fentanyl

is equivalent to 100 milligrams of oral morphine and that one patch delivers the dispensed micrograms per hour over a

24 hour day. Example: 25 ug/hr fentanyl patch * 24 hrs = 600 ug/day fentanyl = 60 mg/day oral morphine milligram

equivalent. In other words, the conversion factor not accounting for days of use would be 60/25 or 2.4. However, since

the fentanyl patch remains in place for 3 days, we have multiplied the conversion factor by 3 (2.4 X 3 =7.2).

In this example, MME/day for ten 25 pg/hr fentanyl patches dispensed for use over 30 days would work out as

follows: Example: 25 ug/hr fentanyl patch * (10 patches/30 days)* 7.2 = 60 MME/day.
Sources:

1)  Centers for Medicare & Medicaid Services. Opioid Oral Morphine Milligram Equivalent (MME) Conversion Factors.
https:\\www.cms.govMedicarePrescription-Drug-CoveragePrescriptionDrugCovContraDownloadsOpioid-Morphine-EQConversion-
Factors-vFeb-.pdf. Accessed: September 5, 2019

2)  Swvendsen, K., Borchgrevink, P., Fredheim, O., Hamunen, K., Mellbye, A., & Dale, O. (2011). Choosing the unit of measurement
counts: the use of oral morphine equivalents in studies of opioid consumption is a useful addition to defined daily doses. Palliative
Medicine, 25(7), 725-732. http://doi.org/10.1177/0269216311398300
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Supplement 7-B. 3.

Weighted cumulative duration of past use and weighted cumulative dose models were adjusted
for the same time-fixed and time-varying covariates and using the same IPT weights as in more
conventional MSM Cox analyses. In addition, to reduce the risk of residual confounding, we ran
preliminary analyses to examine the possibility of non-linear and/or time-dependent relationships
between the covariates and the log hazard using cubic splines, and tested if non-linearity
improves the model’s fit to data. 214 The same method permitted testing the proportional hazards
assumption for the WCE exposure and — if it is rejected—estimating how the adjusted hazard

ratio(s) for the WCE changed during the follow-up.

Supplement 7-B.4. Operational definitions of opioid use durations

Cumulative duration of past use assessed the long-term impact of opioids, where the effect on the
outcome persisted upon discontinuation: defined as the total number of days exposed, calculated
by summing the durations of all dispensations between cohort entry (first opioid dispensation)
and a given day during the follow-up. Cumulative users represented patients who used opioids
only when needed, thus accumulating use over time. On the other hand, we assessed continuous
duration where the effect of opioids accumulated by dispensation supply but the risk returned to
baseline after discontinuation. Continuous duration was defined similarly but was allowed to
increase only during the periods of un-interrupted use and was reset to zero if there was a gap of

>5 days between subsequent dispensations.

Appendix 7-C. Sensitivity analyses

Appendix 7-C.1. Comparison of goodness of fit in sensitivity analyses for flexible non-linear
(NL) MSM additionally adjusting for the non-linear effect of MME current daily dose (log-
transformed), with alternative time-varying opioid exposure metrics

Opioid Exposure Metric Statistical Model AIC

Cumulative Duration of Flexible non-linear (NL) MSM, no adjustment daily 2584.0
Use dose
Flexible non-linear (NL) MSM, with adjustment daily =~ 2549.6
dose
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Continuous Duration of Flexible non-linear (NL) MSM, no adjustment daily 2596.0

Use dose
Flexible non-linear (NL) MSM, with adjustment daily =~ 2531.0

dose

Appendix 7-C.1a. Non-linear effect of cumulative duration of opioid use and the risk of opioid-
related emergency department visits, re-admissions or deaths, additionally adjusted for the non-
linear effect current MME daily dose (log-transformed)
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Appendix 7-C.2b. Non-linear effect of continuous duration of opioid use and the risk of
opioid-related emergency department visits, re-admissions or deaths, additionally adjusted for
the non-linear effect current MME daily dose (log-transformed)
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Appendix 7-D. Flowchart of eligible patients.

8,378 patients admitted to surgical & internal medicine units at MUHC between
October 2014 & November 2016

1,468 (18%) Patients discharged from or transferred to non-study unit
34 (4%) Patients transferred to another hospital
1,930 (23%) Patients without either RAMQ coverage or RAMQ prescription
drug coverage

4,656 eligible patients

—>

1,089 (23%) Patients declined study or were not approached

3,567 eligible patients

—>

1 (2%) Patients died in hospital

3,486 eligible patients disch d alive to the

1965 (56.3%) Patients who did not fill an opioid prescription within 90 days’
post-discharge
10 (0.3%) Patients with prior use of buprenorphine/naloxone/methadone in the
one-year baseline

1511 eligible consenting patients
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8. Discussion

Opioids are an important part of any pain regimen "%, and one of the most commonly
prescribed medications. 22° But when it comes to these drugs, where switching from one
medication to another is common and multiple opioid products could be taken at the same time,
not accounting for appropriate drug use and consumption patterns represents a challenge for
adequately assessing opioid’s effectiveness and appropriateness of use. °#2% Understanding the
risk associated with their use is, in turn, important for the development of evidence-based
prescribing guidelines and helping practitioners manage their patients’ pain. "© The purpose of
this Doctoral research program was to strengthen the evidence base of opioid safety research.
The thesis focused on identifying potential modifiable determinants of opioid prescribing and
potential medication errors at discharge as well as long-term opioid use among hospitalized
patients in the period following hospital discharge. In addition, it assessed the impact of various
opioid consumption profiles on patients’ risk of acute post-discharge healthcare events. To
achieve this goal, my program of research addressed four specific objectives, which were met
through a series of four manuscripts. All manuscripts used data from a cluster-randomized trial
on discharge medication reconciliation. We had a unique opportunity to link a variety of data
sources. These included patient, demographic, administrative prescription and medical services
claims, clinical information as well as patient-reported data derived from post-discharge
interviews. Thus, we had a unique opportunity to link information on medication use prior to
admission, during the hospitalization, medications prescribed at discharge, dispensed in the
community post-discharge and patient-reported measures of consumption in the first one-month
following the index hospitalization. As such, we were able to provide detailed patient
information, which enhanced the findings of the study and positioned us well to explore the

dynamic nature of opioid exposure using proper analytic techniques.

8.1 Summary of the main findings

The first manuscript titled “Incidence and Variables Associated with Inconsistencies in Opioid
Prescribing at Hospital Discharge and Its Associated Adverse Drug Outcomes” described and
estimated the incidence and variables associated with opioid-related medication errors at hospital
discharge, an underexplored area, which we were able to further investigate given the wealth of

clinical information available in the context of the electronic medication reconciliation trial. In

185



addition, it also determined the rates of adverse drug events and risk of ED visits, readmissions
or death in the immediate post-discharge period. Overall, | found that rates of MEs were higher
in handwritten prescriptions compared to the computer-based reconciliation discharge
prescriptions (20.6% vs 1.2%). | also explored potential predictors associated with the receipt of
an opioid prescription at discharge. The findings from this manuscript showed that computer-
based prescriptions were associated with a 69% lower risk of opioid-related MEs (adjusted odds
ratio [aOR]: 0.31, 95% CI: 0.14 — 0.65)) and 63% lower risk of receiving an opioid prescription.
In addition, opioid-related MEs were associated with a two-fold increase in the risk of healthcare
utilization in the 30-days post-discharge period (aOR: 2.32, 95% Cl:1.24 — 4.32)). Given the
importance of prescription opioids in the public health crisis of opioid-related mortality, the
results from this manuscript highlighted the need of an accurate medication list and careful

review of medications at transitions of care such as hospitalizations.

Patients may not only be newly exposed to opioids following their hospitalization but also continue
opioid therapy beyond the expected duration of therapy. Manuscript 2 titled “Determinants for
Long-Term Opioid Use in Hospitalized Patients” aimed to identify which patient, hospitalization
and system level characteristics were also potential determinants of LTOT among hospitalized
patients. This study found that 22.4% of the 1,551 study patients were classified as LTOT. I defined
LTOT users as patients who had accumulated more than 60 days of use during the one year follow-
up period. Using a Cox PH model, the main analyses identified drug copay status, being a previous
LTOT user, having history of benzodiazepine use and initial opioid dispensation of > 90 MME as
risk factors increasing the risk of LTOT one year following hospital discharge. As compared to
medical patients, surgical patients, on the contrary, were associated with lower risk. | also found
that longer duration of the initial opioid dispensation led to significantly high risk of subsequent
LTOT among the previous pre-admission LTOT users, but the association remain insignificant for
prior opioid-naive patients. This study demonstrated that quantifying factors associated with the
development of LTOT post-discharge is an important step in identifying and targeting patients

who need more frequent clinical vigilance and better pain treatment strategy.

Manuscript 3 titled “Association of Opioid Consumption Profiles After Hospitalization with Risk
of Adverse Health Care Events” aimed to strengthen the observational evidence on the risk of

opioid-associated adverse outcomes and increases in duration and dose of opioid consumption.
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In this paper, | conducted a cohort study to assess the risk of acute healthcare events such as
opioid-related hospital admissions, emergency department visits or death associated with
various patterns of opioid type, duration and dose. | also determined whether the risk was
modified by treatment indication. | constructed several time-varying measures of opioid use
including current use, daily dose, cumulative and continuous duration, and opioid type. | found
that among those with at least one opioid dispensation within 90- day post’ discharge, 16% (n =
241) experienced an opioid-related ED visit, re-admission or death. Results from marginal
structural Cox PH models, one of the most advanced approaches to analyse longitudinal data
with time-varying exposure in the presence of time-varying confounders, showed more than a
two-fold increase in the risk of opioid-related adverse events associated with a cumulative opioid
duration of > 90 days (adjusted hazard ratio (aHR) of 2.56 (95% CI:1.25 — 5.27), compared to 1-
30 days. There was a three-fold increase in risk with a mean daily dose of > 90 morphine
milligram equivalent (MME), aHR of 3.24 (95% CI: 1.43-7.35) compared to users of <50 MME.
The results highlight the importance of accounting for alternative opioid consumption patterns
when quantifying the risk of adverse health care events or death. Findings also showed that
treatment indications are also important to consider when quantifying the risk. Results of this
study could be used to inform pain management policies or strategies aimed at preventing or

attenuating opioid-related morbidity.

Manuscript 4 titled “Flexible modeling of opioid exposure provides new insights in its
association with adverse outcomes” used novel methods of modelling time-varying exposures to
better understand the mechanism behind opioid-related morbidity and mortality and opioid use.
In this paper, I investigated how novel modelling techniques and the use of different
methodological approaches to measure dynamic opioid exposures could improve our
understanding of the how opioid-related adverse events may vary depending on the current and
past opioid use. | used marginal structural Cox PH models and their flexible extensions, and a
weighted cumulative exposure model to address the objectives for this study. | found that for
each exposure metric, the flexible modelling improved the models’ fit to data. Overall, the
results indicate that both non-linear effects of continuous exposure metrics and weighted
cumulative effects of past use or doses should be considered when assessing how the risks vary

depending on the opioid exposure pattern. The estimated non-linear effect of cumulative opioid
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duration shows that the risk of opioid-related adverse events increases gradually with total past
exposure duration increasing to about 50-60 days of cumulative use. The results from the
weighted cumulative exposure models suggested that the risk is mostly affected by use in the
past 30 to 40 days, with doubling of risk for continuous exposure in the past month. This study
allowed us to illustrate how careful analyses that account for dose, duration and timing of past
exposures may improve the model’s fit to data and enhance our understanding of the mechanism

underlying potential adverse events of opioid exposure.

8.2 Main Contributions

Substantive contributions

Manuscript 1 contributed to the area of reported medication errors associated with opioid
medications at transitions in care and its impact on patient health and potentially preventable
adverse patient outcomes. Different types of medication-related errors were considered such as
omissions, duplications and unintended dose changes. None of the previously conducted studies
had the advantage of integrating multiple data sources, and most used either only prescriptions
written at discharge or pharmacy claims to determine the status of the discharge prescription. In
addition, we were able to incorporate information and report the extent of patient harms from the
resulting opioid errors. The finding that, those patients whose prescription was finalized with the
electronic medication reconciliation software had lower risk of having a medication error
associated with their opioid medication, highlights the effectiveness of successful medication

reconciliation to improve safety of opioid prescribing.

In manuscript 2, | identified several risk factors of LTOT following a hospitalization. The risk
for continued opioid use has been considered as a central component of quality care assessment.
These findings, thus, may help physicians and healthcare practitioners to identify and target
patients who need more frequent clinical vigilance and better pain treatment strategy. For
example, the finding initial opioid duration plays a greater role in the development of LTOT,
especially for previous opioid users, suggests that limiting and selecting an optimal initial opioid
duration may be particularly important to reduce the risk of subsequent opioid use. Moreover,

initial dose was associated with increased risk of LTOT for both opioid-naive and previous
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LTOT users. As such, initial opioid exposure characteristics may help flag patients who might be

at a greater risk of later developing LTOT.

Methodological contributions

Importance of time-varying drug exposures: a correct treatment episodes’ construction (exposure
quantification) is fundamental to avoid bias in treatment effect estimates. In Manuscript 3 and 4,
we used one of the most advanced approaches, which exist, to address the magnitude and
complexity of the exposure and properly modelled time-varying confounders, cumulative
exposure and overlapping prescriptions. The findings and methodological approaches in these
studies helped to advance our understanding of the impact of opioid use on the risk of opioid-
related adverse effects and healthcare use, and are critical for improving guideline
recommendations. Manuscript 4 demonstrated how novel flexible multivariable modeling
techniques to account for the dynamic nature of opioid use, and their cumulative effects are
important and offer additional insights regarding possible mechanisms linking opioid use to the

risk of adverse events.

The design of these studies adequately accounted for longitudinal changes in opioids use and
dose, which are expected for pain medication treatment, due to dynamic changes in patient’s pain
conditions. The work from these two objectives demonstrated valuable considerations when
constructing and guantifying opioid exposure: 1) considering the non-linear effect of cumulative
opioid exposure is important to assess the optimal duration of opioid use that minimizes the risk
of adverse events, and 2) the benefits of taking into account the recency of past exposure when
quantifying the impact of total duration of past use and total cumulative dose. Manuscripts 3 and
4 also showed that it is feasible to address methodological issues arising from complex exposure
definitions and application of proper statistical methods for time-varying covariates. Finally, this
thesis demonstrated a feasible approach for linking a variety of data sources: dispensing
pharmacy records, in-hospital medical records, detailed information on opioid prescriptions
written at hospital discharge and interviews with patients in the post-discharge period, in order to

enhance the validity of studies by accounting for a wealth of confounders
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8.3 Implications for physicians and policy makers

Physicians should be made aware of the increased risk of opioid-related adverse effects
associated with specific opioid consumption patterns. This knowledge is particularly relevant for
hospitalized patients where opioids are prescribed for acute pain during hospitalization and
continued at discharge, increasing the risk for long-term opioid use. Practitioners should adjust
opioid duration and dose for patients who are transitioning from acute postoperative to chronic
pain. Results from this program of research could inform pain management strategies and
prescribing guidelines. Effective management of pain symptoms and timely identification of
patients at risk of long-term opioid use could prevent opioid-related adverse events, mitigate its
effects and reduce the burden on the healthcare system. Treatment of chronic pain has become a
central component of quality improvement efforts. 53 As such, researchers should incorporate
criteria to identify long-term opioid therapy to build and strengthen the evidence around safe and
appropriate use of prescription opioids. The quality of care could also be improved through
integration of risk stratification algorithms into routine follow-up, flagging high-risk patients for
more frequent clinical vigilance. The information from this thesis could help guide physician
decision-making around opioid duration, dose and type of opioid used or providing patients with
other alternatives to treat their pain. The results of this thesis could be used to inform
development of more accurate risk stratification algorithms that could be implemented in clinical
practice. Policy efforts should also be targeted at the implementation of feasible methods to audit
opioid-related medication discrepancies in medications at hospital discharge in pharmacies and
feed the data back to hospitals.

8.4 Final conclusions and future directions

This thesis found that hospitalized medical patients, previous LTOT, having previously used
benzodiazepines and having an initial post-discharge opioid dispensation of >90 MME were
associated with an increased risk of receiving an opioid prescription at discharge and becoming a
long-term opioid user in the one year post-discharge. These results could be used to help stratify
patients who are at high-risk of continuing opioids beyond guideline recommendations and
inform policies and intervention programs to curb excessive opioid prescribing. The thesis also
provided evidence of increased risk of opioid-related adverse events with prolonged opioid

duration and high doses. The results of the final study also provided a methodological insight
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into the mechanism underlying potential adverse events of opioid exposure by assessing the
impact of recency of exposure on the risk of acute healthcare events. The results from my
doctoral work generated important scientific knowledge for the development of effective
prevention strategies to minimize long-term opioid dependency and reduce the risk of opioid-
related morbidity among the vulnerable population of hospitalized medical and surgical patients.
Future research using data from multiple health care systems is required to replicate these
findings in larger population cohorts and provide greater generalizability. In addition, studies
should try to incorporate data on opioid medications obtained through diversion or other illicit
means. More work is needed to explore whether accumulation of opioid use post-discharge is a
reflection of over-prescription by some in-hospital or community prescribers or of patent drug-

seeking behavior.

Finally, development of pharmacodynamics tolerance with increasing duration of exposure, due
to adaptive changes in the brain, is a prominent feature of opioids. 1922%! It is possible that some
of the opioid users in our study developed some degree of tolerance, with its strength likely
varying depending on the opioid type, dose and, in particular, the duration of exposure.
Developed tolerance and drug dependence could also affect the physicians’ prescribing
decisions, patients’ consumption patterns and adherence to the prescribed treatment. 173222 Qur
databases did not provide any information that would allow us to measure tolerance. For these
reasons, future pharmacoepidemiological and clinical studies should attempt to assess how
tolerance depends on the exposure patterns and affects, in turn, the risk of opioid-related adverse

events.
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Appendix 8. Copy of published articles included in the thesis.
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ABSTRACT

Objectives: Opioid-related medication errors (MEs) can have a significant impact on patient health and contribute to opioid
misuse. The objective of this study was to estimate the incidence of and variables associated with the receipt of an opioid
prescription and opioid-related MEs (omissions, duplications, or dose changes) at hospital discharge. We also determined
rates of adverse drug events and risks of emergency department visits, readmissions, or death 30 days and 90 days post
discharge associated with MEs.

Methods: A cohort of hospitalized patients discharged from the McGill University Health Centre between 2014 and 2016 was
assembled. The impact of opioid-related MEs was assessed in a propensity score-adjusted logistic regression models.
Multivariable logistic regression was used to determine characteristics assodated with MEs and discharge opioid
prescription.

Results: A total of 1530 (43.9%) of 3486 patients were prescribed opioids, of which 13.4% (n = 205) of patients had at least 1
opioid-related ME. Rates of MEs were higher in handwritten prescriptions compared to the electronic reconciliation discharge
prescription group (20.6% vs 1.2%). Computer-based prescriptions were associated with a 69% lower risk of opioid-related MEs
(adjusted odds ratio: 0.31, 95% confidence interval: 0.14-0.65) as well as 63% lower risk of receiving an opioid prescription.
Opioid-related MEs were associated with a 2.3 times increased risk of healthcare utilization in the 30 days postdischarge
period (adjusted odds ratio: 2.32, 95% confidence interval: 1.24-4.32).

Conclusions: Opioid-related MEs are common in handwritten discharge prescriptions. Our findings highlight the need for
computer-based prescribing platforms and careful review of medications during critical periods of care such as hospital
transitions.

Keywords: opioids, opioid prescribing, transitions in care, hospital discharge, medication recondliation.

VALUE HEALTH. 2021; 24(2):147-157

Introduction the community.*'"'" The literature on predictors of MEs and dis-

crepancies shows that higher age, polypharmacy, patient sex, and

Opioid use is associated with both fatal and nonfatal adverse
effects. In the United States, rates of opioid-related hospitaliza-
tions increased by 64% between 2005 and 2014." In addition to
patient-related factors that may increase one's risk of opioid
misuse,” errors associated with high-risk medications also
heighten the risk of harm.” Opioid medications represent a high-
risk class of drugs’ that have been shown to be associated with the
highest rate of reported medication errors (MEs).”* Opioid-related
MEs could have a significant impact on patient health and may
result in potentially preventable adverse patient outcomes and
contribute to the prescription opioid misuse crisis.”"

Transitions in care represent a particularly high-risk period in
the patient pathway.”” Previous studies have found between 1.2
and 5.3 MEs per patient in transitions from hospital discharge to

specific medical interventions are associated with increased like-
lihood of MEs.” " Nevertheless, the occurrence of and specific
predictors of opioid-related errors during these care transitions is
an underexplored area, which warrants further investigation.
Inadequate communication of changes in medication at the time
of discharge is awell-established problem, and hospital physicians
may discontinue or initiate opioids without fully knowing a pa-
tient's medication history, including their history of opioid use
before hospitalization.”” ™' Moreover, the hospitalization itself
may inadvertently be a risk factor whereby opioids are prescribed
for acute pain during hospitalization and inadvertently continued
at discharge, increasing the risk for chronic use.”*'

Medication reconciliation, introduced as a potential solution to
identifying and reducing MEs, could be used as an intervention to

1098-3015/$36.00 - see front matter Copyright @ 2020, ISPOR-The Professional Society for Health Economics and Outcomes Research. Published by Elsevier Inc.
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reduce opioid MEs and associated preventable harm.”*** A recent
systematic review quantifying the burden of opioid MEs in adult
oncology settings highlighted the lack of research on opioid error
incidence, type, and patient impact.”*® The objective of this study
was to estimate the incidence of opioid-related MEs (omissions,
duplications, or dose changes) at transitions in care, and associ-
ated rates of adverse drug events and risk of emergency depart-
ment (ED) visits, readmissions, or death in the 30 and 90 days
postdischarge. In addition, we also explored potential predictors
associated with (1) the receipt of an opioid prescription, and (2)
having an opioid-related ME at hospital discharge.

Methods

Setting

The study took place within the context of a cluster-
randomized trial on discharge medication reconciliation con-
ducted at the McGill University Health Centre (MUHC).”" The
MUHC is an over 1000-bed quaternary care teaching hospital in
Montreal (Canada) that operates within the universal healthcare
plan of the province of Quebec (RAMQ). This plan covers all
necessary medical care and includes prescription drug insurance
for registrants aged 65 years and older, income security recipients,
and those not insured through their employer. Ethics approval was
provided by the MUHC Research Ethics Board. Privacy Commis-
sioner approval was obtained to link clinical and administrative
data from the Commission d'accés a I'information du Quebec.

Participants

A prospective cohort of hospitalized patients discharged from
medical and surgical units of the MUHC between October 2014
and November 2016 was followed for up to 90 days postdischarge.
To be eligible for the original trial and for this study, patients had
to be 18 years or older at admission and admitted from the
community or transferred from another hospital, with at least 1
year of continuous provincial healthcare and prescription drug
coverage before hospital admission.

Data Sources

Multiple sources of data were assembled and linked to address
the objectives of the proposed study. For each patient, demographic,
clinical, healthcare service use, and prescription claims data were
retrieved from the admission note and provincial healthcare
administrative databases (RAMQ medical services and prescription
claims data)in the year before and following the hospitalization for
which the patient was enrolled. The RAMQ prescription claims
database covers approximately 50% of all Quebec residents,
including medicare registrants who are 65 years of age and older,
income security recipients, and those not insured through their
employer. The RAMQ medical services database covers 100% of
residents. Dates of admission and discharge, admitting and
discharge unit, patient demographics, health problems at admis-
sion and discharge, and major procedures (surgeries, treatment
interventions) were retrieved from the MED-ECHO hospitalization
database. Physical findings, laboratory results, diagnoses, and
medications taken at admission and in hospital as well as those
prescribed at discharge were abstracted from the MUHC Data
Warehouse. Data on hospital discharge experiences and adverse
drug events were obtained via telephone interview 30 days post-
discharge with trained interviewers, and adverse drug event
occurrence was adjudicated by 2 reviewers using the Leape-Bates
method.”***" This is one of the only data sources in the world
that links information on medication use before admission and

during the hospital stay and medications prescribed at discharge
and dispensed in the community postdischarge.

Outcomes

Opioid Medications Administered in Hospital

We used the Anatomical Therapeutic Chemical Classification
System (ATC) code used to search the in-hospital pharmacy da-
tabases and identify opioids (ATC included NO2A and, RO5DA) and
other concurrent medications such as benzodiazepines, antide-
pressants, and analgesics that the patient was administered while
in the hospital.

Opioid Prescriptions at Discharge

The status of opioid prescriptions at hospital discharge was
ascertained using patients’ charts (handwritten prescriptions) and
the electronic reconciliation software (electronic prescriptions).
For patients whose prescription was finalized using the RightRx
software, opioid discharge prescriptions were grouped by recon-
ciliation action: stop, modify, continue from the community, and
new prescription. For patients who left the hospital with a paper
discharge prescription, we determined the opioid status based on
what was indicated in the patient’s chart. Patients were consid-
ered to have left the hospital with an opioid prescription when the
status of the opioid medication was continued, modified, or newly
prescribed. Patients with multimodal analgesia were defined as
those who were prescribed an opioid medication at discharge
with at least 1 other analgesic agent.””

MEs at Discharge

Three different types of medication-related errors were
considered as part of our main outcome: omissions, duplications,
and unintended dose changes. An unintended error of omission
was defined as a drug that was in the community drug list that
was not prescribed at discharge and for which there was no
documented evidence of having been stopped in the medical
chart. On the other hand, an unintended therapy duplication was
defined as 1 drug with an active prescription in the community
drug list and a second drug in the same 4-digit ATC'' in the
discharge prescription, where there was no evidence in the
medical chart that the community drug had been stopped, or that
it was to be intentionally continued. Omissions and therapy
duplication errors were further classified into 2 categories
depending on whether they were owing to a reconciliation error
or a history error. For example, an omission that was considered as
owing to reconciliation error was defined as a drug that was in the
community drug list that was prescribed at discharge but for
which there was no documented evidence of the status in the
medical chart (continued, prescribed, stopped, or modified). An
unintended dose change was defined as a 25% or more increase or
decrease in the prescribed dose of a community medication that
was not documented in the medical chart as a change. To calculate
the difference in dose between community drugs and those pre-
scribed at discharge, the strength, quantity, and duration of
community-based medications were used to calculate daily dose
for all opioid medications. Refer to the Appendix for full concep-
tualization of definitions for MEs (see Appendix in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.07.015).

Medication-related error definitions were based on informa-
tion on medications dispensed in the 3 months before hospitali-
zation, from RAMQ, medications listed at hospital admission
indicating whether or not the patient is taking the drug, drugs at
discharge, as well as status of drugs at discharge. The community
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Table 1. Baseline characteristics of the 3486 patients and of 1511 patients who filled an opioid prescription within 90 days of hospital
discharge.

Overall (n = 3486) Opioid prescription at discharge
No Yes
n = 1956 (56.1%) n = 1530 (43.9%)
Mean age (SD) 69.6 (14.9) 71.8 (15.5) 66.6 (13.7)
N (%) N (%) N (%)
Male 2010 (57.7) 1083 (55.4 927 (60.6)
Surgical discharge units 1677 (48.1) 417(213) 1260 (82.3)
Electronic reconciliation used 1464 (42.0) 893 (45.6) 571 (37)
Length of hospital stay (=6 days) 2930 (84.0) 1689 (86.3) 1241 (81.1)
Health services utilization: 1 year before admission Mean (SD) Mean (SD) Mean (SD)
Emergency department visits 8.4(8.5) 9.9 (15.1) 6.2 (14.1)
Hospitalizations 0.8(1.9) 0.78 (2.2) 0.7 (1.5)
Physician visits 10.9 (14.5) 113 (17.2) 104 (11.4)
Number of prescribing physicians 4.2(3.4) 45 (3.4) 39(3.2)
Number of physicians prescribing opioids 06(1.2) 0.6 (1.1) 07(1.3)
Number of dispensing pharmacies 1.4(0.9) 14 (0.9) 1.4(0.8)
Number of pharmacies dispensing opioids 0.4 (0.6) 0.39 (0.6) 0.4(0.6)
Active prescriptions at admission 9.8 (10.1) 10.6 (11.0) 7.1(8.2)
N (%) N (%) N (%)
Active opioid prescription at admission 504 (14.5) 272 (13.9) 232 (15.2)
Radiotherapy 215(6.2) 70 (3.6) 145 (9.5)
Chemotherapy 262 (7.5) 77 (3.9) 185 (12.1)
Medication use: 1 year before admission N (%) N (%) N (%)
History of opioid use 1206 (34.6) 670 (34.2) 536 (35.0)
=3 opioid dispensations 104 (2.9) 49 (2.5) 55 (3.6)
History of long-acting opioids 146 (4.2) 60 (3.1) 86 (5.6)
Opioid dispensation within previous 30 days 666 (19.1) 353 (18.1) 313 (20.5)
History of methadone/buprenorphine 13(0.4) 0(0) 13 (0.9)
History of benzodiazepine use 1088 (31.2) 638 (32.6) 450 (29.4)
History of antidepressant use 706 (20.3) 431 (22.0) 275 (17.9)
SSRIs 336 (9.6) 220(11.2) 116 (7.6)
SNRIs 167 (4.8) 96 (4.9) 71 (4.6)
TCAs 34(1.0) 20(1.0) 14 (0.9)
Other 189 (5.4) 108 (5.5) 81 (5.3)
History of analgesic use 1068 (30.6) 735 (37.6) 589 (38.5)
Acetaminophen 775(22.2) 463 (23.7) 312 (20.4)
NSAIDS 563 (16.2) 257 (13.1) 306 (20.0)
COX-2 271(7.8) 107 (5.5) 107 (6.9)
Targeted comorbidities N (%) N (%) N (%)
Mental illness 511 (14.7) 315(16.1) 196 (12.8)
Depression 190 (5.5) 113 (5.8) 77 (5.0)
Anxiety 261 (7.5) 138 (7.1) 123 (8.0)
Bipolar disorders 165 (4.8) 131 (6.7) 34 (2.2)
Dementia 213 (6.1) 179 (9.2) 34 (2.2)
Substance and alcohol abuse 115(3.3) 76 (3.9) 39 (2.6)
Pain syndromes 1352 (38.8) 748 (38.2) 604 (39.5)
Neck and back pain 334 (9.6) 172 (8.8) 162 (10.6)
Arthritis and joint pain 1272 (36.5) 704 (35.9) 568 (37.1)
Cancer 1253 (35.9) 658 (43.0) 595 (30.4)
Digestive 309 (8.9) 144 (7.7) 165 (10.8)
Lung 488 (14.0) 156 (7.9) 332 21.7)
Breast cancer 274(7.9) 154 (7.9) 120 (7.8)
Urologic 248 (7.1) 126 (6.4) 122 (7.9)

continued on next page
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Table 1. Continued

Overall (n = 3486)

Opioid prescription at discharge

No Yes
n = 1956 (56.1%) n = 1530 (43.9%)

Unspecified cancer 88 (2.5) 51 (2.6) 37 (2.9

Other comorbidities that may increase the risk of N (%) N (%) N (%)
hospitalizations/ED visits

Cardiovascular diseases 1817 (52.1) 849 (55.5) 968 (49.5)
Cerebrovascular diseases 334 (9.6) 222 (11.3) 112(7.3)
Pneumonia 338(9.7) 231(11.8) 107 (6.9)
Chronic obstructive pulmonary disease 751 (21.5) 448 (22.9) 303 (19.8)
Renal disease 364 (10.4) 266 (13.6) 98 (6.4)
Diabetes 791 (22.7) 488 (24.9) 303 (19.8)
Primary reasons for the hospitalization N (%) N (%) N (%)
Cancer 388(11.2) 93 (4.7) 295 (19.3)
Cardiovascular 1047 (30.1) 439 (224 608 (39.7)
Respiratory 532 (15.3) 391 (20.0) 141 (9.2)
Urinary infections 173 (4.5) 139(7.1) 34 2.2)
Other infections 110(3.2) 91(47) 19(1.2)
Injection poisonings 59(1.7) 40 (204) 19 (1.2)
Digestive 256 (7.4) 188 (9.6) 68 (4.4)
Blood and immune system 73(2.1) 49 (2.5) 24 (1.6)
Musculoskeletal 121 (3.5) 51 (2.6) 70 (4.6)
Alcohol-related 47 (1.3) 46 (2.4) 1(<0.1)
Fractures and injuries 98 (2.8) 41 (2.1) 57 3.7)
Endocrine and metabolic 84 (2.4) 70 (3.6) 14 (0.9)
Skin 82(24) 72(3.7) 10 (0.6)
Other* 372 (10.7) 258 (13.2) 113 (73.8)
In-hospital medication use N (%) N (%) N (%)
Antidepressants 628 (18.0) 401 (20.5) 227 (14.8)
Opioids 2509 (72.0) 997 (50.9) 1512 (98.8)
Benzodiazepines 2278 (65.4) 1036 (52.9) 1242 (81.2)
Analgesics 1813 (52.0) 634 (32.4) 1179 (77.1)

COX-2 indicates cyclo-oxygenase-2; ED, emergency department; NSAID, nonsteroidal anti-inflammatory drug; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI,

selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
*Other: nausea, dizziness, vomiting swelling.

drug list generated using the RAMQ prescription claims data for
each patient was considered the gold standard, because these
records identify over 40% more medications than are noted in the
ED chart.™

Adverse Drug Events (ADEs)

We used information from patient interviews conducted
postdischarge to assess the presence of ADEs, defined as the
presence of a new health problem or worsening of a preexisting
condition that could be medication-related. Information from
patients’ self-reported symptoms and medications dispensed
following hospital discharge was collected and independently
rated using the Leape-Bates adverse drug event classification.
ADEs were further classified as definitely/probably preventable to
definitely/probably not preventable using the same categories to
classify probability. These categorizations were previously
described elsewhere.””

ED Visits, Hospital Readmissions, Death Postdischarge

The outcome was a combined measure of an ED visit, hospital
readmission, or death in the 30 days postdischarge and was
ascertained using the RAMQ provincial medical services claims
databases and the Ministry of Health and Social Services discharge
abstract database. This approach ensured that all ED visits and
readmissions are included, not just those occurring at the MUHC.
In addition, we also explored the potential long-term impact of
opioid-related MEs by determining rates of healthcare utilization
in the 90-day postdischarge period.

Variables Potentially Associated With the Receipt of an
Opioid Prescription at Discharge, MEs, and Adverse
Outcomes

Potential risk factors for receiving an opioid prescription at
discharge and factors associated with MEs were identified from
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the literature. In addition, variables associated with increased risk
of healthcare utilization were also considered. This included pa-
tient demographics, coexisting comorbidities that may increases
one’s risk of receiving an opioid prescription at discharge,
healthcare utilization in the 1 year before the hospitalization, and
patients’ medications dispensed in the 1 year before the admis-
sion as well as in-hospital use of medications.

Analysis

Descriptive statistics were used to summarize and characterize
the study cohort including patient demographics, coexisting
comorbidities (using the International Classification of Diseases,
Ninth Revision classification), drug and healthcare utilization in the
1 year before hospitalization, diagnoses recorded at hospital
admission as indicated in patients’ admission notes (using Inter-
national Classification of Diseases, Tenth Revision classification),
medications administered in the hospital, as well as characteristics
of medications prescribed for pain at hospital discharge. Gener-
alized estimating equation extension of multivariable logistic
regression with an exchangeable correlation structure was used to
estimate the independent association among medical history,
patient- and medication-related characteristics, and the receipt of
an opioid prescription at discharge, while accounting for clus-
tering of opioid prescriptions within in-hospital physicians.” A
separate model was also fitted to explore potential variables
associated with having at least 1 of the abovementioned
medication-related errors. The 2 models included all variables,
selected a priori based on the literature and not on statistical
significance. The incidence of opioid-related MEs was estimated,
overall, by type of error, and by type of prescription (electronic vs
handwritten). The rates of ADEs and healthcare encounters were
estimated and stratified by the presence or absence of an opioid
medication-related error at discharge. A propensity score-
adjusted logistic regression model was used to assess the risk of
ED visits, readmission, or death associated with opioid-related
MEs in the 30 and 90 days postdischarge. The same exploratory
variables as in the generalized estimating equation model were
used in building the propensity score model.

Results

Overall, 3486 patients were discharged alive from study units;
57.7% were male and the mean age was 69.6 (SD = 14.9) (Table 1).
Among the 1530 patients (43.9%) prescribed an opioid at
discharge, 82.3% were prescribed to surgical patients and the rate
of opioid prescriptions for surgical patients was 73%. Patients with
or without an opioid prescription at discharge shared similar
characteristics, except that patients prescribed an opioid were
more likely to have received opioids, benzodiazepines, and anal-
gesics during their hospital stay. Overall, most patients were
opioid-naive with 65% (n = 2280) having had no history of opioid
use in the 1 year before their admission and 72% having been
administered an opioid during their stay. More than half of the
patients prescribed an opioid at discharge received a handwritten
prescription. Overall, patients who received an opioid at discharge
(n = 1530) had, on average, 10.5 medications (SD = 5.0) with a
mean number of changes in the community medications of 7.5
(SD = 4.9) (Table 2).

Figure 1 shows the flowchart of patients with an opioid pre-
scription at discharge, according to use before admission and after
discharge. Interestingly, there was an equal split of discharge
opioid prescriptions comparing previous users of opioids and
opioid-naive patients. Among patients who did not receive an

opioid prescription at discharge, almost one-third (22%) of pa-
tients with history of opioid use and 12% of opioid-naive patients
had an opioid dispensed in the community 30 days following the
hospitalization. More than two-thirds of patients filled their
opioid prescription within 7 days postdischarge (n = 1070, 69.9%)
(Table 2) with an overall rate of opioid dispensations of 74.6%
during the follow-up period of 30 days postdischarge.

The proportion of patients with at least 1 opioid-related ME
was 13.4% (n = 205), with the incidence of omission errors (40.0%)
and unintended dose change errors (44.4%) being the highest,
followed by therapy duplication errors (15.6%) (Table 2). Of the
dose change errors made, 68.1% were a decrease in the dose of the
opioid. The overall rate of MEs in handwritten prescriptions was
higher than electronic prescriptions (20.6% vs 1.2%). There were no
duplication or omission errors among patients where the medi-
cation reconciliation software was used for their discharge
prescription.

Overall, 27.9% (n = 427) of all patients with an opioid pre-
scription at discharge, regardless of the presence of an opioid-
related ME, had an acute health service encounter (ED visits,
hospitalization) or died in the 30-day follow-up period (Table 3).
Of the 62 ADEs, 82.2% were adjudicated by reviewers as definitely
preventable and 4.8% as definitely or probably not preventable.
Patients with an opioid-related ME had slightly higher rates of
adverse drug events (54% vs 3.9%) and more than 3 times the
number of hospital readmissions (23.4% vs 85%) in the 30 days
postdischarge. Similarly, they had higher rates of the composite
outcomes of visiting the ED, being readmitted, or dying within 30
days or 90 days of hospital discharge. Results from propensity
score-adjusted logistic regression models showed that patients
with opioid-related MEs were 2.32 times more likely to have a re
admissions 30 days postdischarge compared to patients without
MEs (adjusted odds ratio [aOR]: 2.32, 95% confidence interval [Cl]:
2.32[1.24-4.32]) (Table 3). Other healthcare encounters during the
30- or 90-day postdischarge follow-up period showed increased
risk associated with MEs in crude analyses, but the associations
were no longer significant in propensity score-adjusted analyses
(Table 4).

A number of characteristics were associated with an increased
risk of receiving an opioid prescription at discharge (Table 5). First,
patients ages 35 to 64 had a 38% increase in the likelihood of being
given an opioid upon leaving the hospital (aOR 1.38, 95% ClI: 1.07-
1.76), while the age group of 64 to 79 had more than a 2 times
higher risk of receiving an opioid (aOR 219, 95% Cl:1.47-3.24).
Having been admitted for thoracic surgery (aOR 4.53, 95% Cl:
3.17-6.48), having received chemotherapy in the 1 year before
admission (aOR 2.17, 95% Cl: 1.15-4.08), and having a diagnosis for
a pain syndrome (aOR 127, 95% CI: 1.03-1.57) were all associated
with increased likelihood of receiving a prescription for opioids.
The presence of an active opioid prescription at discharge (aOR
1.72,95% Cl: 1.22-2.44) and having been administered an opioid in
the hospital also showed a positive association with having an
opioid prescription at discharge (aOR 179, 95% ClI: 11.0-29.3).
Similarly, receiving an analgesic medication in the hospital as well
as at discharge were both associated with an increased risk of
being given an opioid medication upon hospital discharge (aOR
143, 95% ClI: 1.14-1.82 and aOR 6.51, 95% CI: 4.57-9.25, respec-
tively). Finally, patients with more than 10 medications prescribed
at discharge and more than 10 changes made to their discharge
medication list were also more likely to be given an opioid as part
of their discharge drug regimen (aOR 1.92, 95% C1:1.37-2.69 and
148, 95% CI: 1.09-2.03, respectively). Variables associated with a
decreased risk of receiving an opioid at discharge were having a
computerized discharge prescription (aOR 0.37, 95% ClI: 0.28-0.49),
having more than 1 ED visit in the 1 year preadmission (aOR 0.72,
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Table 2. Characteristics of discharge prescription for patients who received an opioid at discharge according to previous history of
opioid use.

Overall n = 1530 Electronic reconciliation software

Used (n = 571, 37%)

Not used (n = 959, 63%)

Surgical units 1260 (82.3) 775 (61.5) 485 (38.5)
Overall medications Mean (SD) Mean (SD) Mean (SD)
Number of medications prescribed 10.6 (5.0) 9.5(5.2) 124 (4.1)
Number of changes in community medications 7.5 (4.9) 5.8 (4.7) 103 (3.7)
Number of new medications 55(3.2) 4.4 (2.9) 7.3(2.8)
Number of stopped medications 14(26) 0.9 (2.6) 23(2.1)
Number of unintended dose changes 0.5(1.0) 0.5(0.9) 0.7 (1.0)
Opioid medications N (%) N (%) N (%)
Medication-related errors 205(134) 198 (20.6) 7(1.2)
Type of medication-related errors
Omission* 82 (40.0) 82 (41.4) 0
Status of medication discrepancy
Omission—reconciliation error 38 (46.3) 38 (46.3) 0
Omission—history error 44 (54.7) 44 (54.7) 0
Duplication” 32(15.6) 32 (16.1) 0
Status of medication discrepancy
Duplication—reconciliation error 15 (46.9) 15 (46.9.) 0
Duplication—history error 17 (53.1) 17 (53.5) 0
Unintended dose changes’ 91 (44.4) 84 (424) 7 (100)
Dose increases 29 (31.9) 22 (26.2) 7 (100)
Dose decreases 62 (68.1) 62 (73.8) 0
Type of pain regimen at discharge N (%) N (%) N (%)
Unimodal pain regimen 144 (9.4) 128(13.3) 16 (2.3)
Opioid multimodal regimen 1390 (90.8) 834 (86.9) 556 (97.4)
Opioid dispensations postdischarge N (%) N (%) N (%)
Filled an opioid prescription within 7 days 1070 (69.9) 669 (69.8) 401 (70.2)
Filled an opioid prescription within 30 days 1141 (74.6) 721 (75.2) 420 (73.6)

*Error of omission was defined as a drug that was in the community drug list that was not prescribed at discharge and for which there was no documented evidence of
having been stopped in the medical chart.

*Therapy duplication was defined as one drug with an active prescription in the community drug list and a second drug in the same 4-digit Anatomic Therapeutic Class™
inthe discharge prescription, where there was no evidence in the medical chart that the community drug had been stopped, or that it was to be intentionally continued.
*Unintended dose change was defined as a 25% or more increase or decrease in the prescribed dose of a community medication that was not documented in the
medical chart as a change.

Figure 1. Flowchart of patients with an opioid prescription at discharge, according to use prior to admission and after discharge.

3486 Patients
1206 (35%) History of Opioid Use 2280 (65%) No History of Opiod Use
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536 (44%) Received an
Opioid Rx at Dscharge

670(56%) Did not received an
Opioi Rx at Discharge

994 (44%) Received an
Opioid Rx at Decharge

1286 (56%) Did not Received an
Opioid Rxat Discharge

L 2

424 (78%) Filled an Opioid Rx

¥

122 (22%) Filled an Opioid Rx 717 (88%) Filled an Opioid Rx 97 (12%) Filled an Opiod Rx

Rx, prescription.
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Table 3. Number of adverse drug events in the 30-day postdischarge period according to opioid-related medication error patients with
an opioid prescription at discharge.

Overall n = 1530

Opioid-related medication error

Yes No
(n = 205, 13.3%) (n = 1325, 86.6%)
Adverse drug event 62 (4.1) 11(5.4) 51(3.8)
Definitely preventable 51(82.2) 8(727) 43 (84.3)
Probably preventable 8(12.9) 3(1.4) 5(9.8)
Definitely/probably not preventable 3(4.8) 0(0) 3(5.9)

Table 4. Results from propensity score-adjusted model of the association of having an opioid-related medication error at hospital
discharge compared to no medication error and patients’ healthcare utilization in the 30 and 90 days postdischarge.

Overall Patients with Patients without

Crude OR, 95% PS-adjusted OR* 95%
(o]

(n= MEs MEs e}
1530) (n = 205, 13.3%) (n = 1325, 86.6%)
Healthcare encounters 30 days N (%) N (%) N (%)
postdischarge
ED visits 397 (25.1) 79 (38.5) 318 (24.0) 1.54 (1.20-1.98) 1.18 (0.69-1.82)
Readmission to hospital 161(10.2) 48 (23.4) 113(8.5) 1.96 (1.46-2.65) 232 (1.24-432)
ED visit, readmission, death 427 (27.9) 87 (424) 340 (25.7) 1.55 (1.21-1.98) 1.23 (0.76-1.98)
Healthcare encounters 90 days N (%) N (%) N (%)
postdischarge
ED visits 643 (42.0) 119 (58.0) 524 (39.5) 1.59 (1.25-2.01) 1.10 (0.70-1.72)
Readmission to hospital 254 (16.0) 71 (34.6) 183 (13.8) 1.86 (1.44-2.41) 1.10 (0.66-1.84)
ED visit, readmission, death 674 (44.1) 127 (61.9) 547 (41.3) 1.64 (1.29-2.10) 1.05 (0.67-1.65)

Cl indicates confidence interval; ED, emergency department; ME, medication error; OR, odds ratio; PS, propensity score.

*Variables considered in the construction/calculation of the propensity score of having an opioid-related medication error (omission, duplication, dose changes): (1)
demographic characteristics: indicator for a patient randomized to the RightRx intervention group, age at admission, sex; (2) medical, prescription, and healthcare
use 1year before admission: number of dispensing pharmacies and prescribers, hospitalizations and emergency department visits, the receipt of radiotherapy and/
or chemotherapy services, history of cancer diagnoses, mental health diagnoses, substance and‘or alcohol abuse/dependence, respiratory diseases, cardiovascular
and cerebrovascular diseases, diabetes, previous use of psychotropic medications; (3) in-hospital characteristics: hospital unit discharged from (medical vs surgical)
from, length of hospital stay, opioid administration during the index hospitalization, nonopioid pain medication administration, use of antidepressant and
benzodiazepines, having a nonopioid medication prescribed at discharge, total number of medications prescribed at discharge, and the total number of changes

(news, stopped, dose changes) made to medications at discharge.

95% Cl: 0.62-0.85), previous history of analgesics (aOR 0.74, 95%
Cl: 0.58-0.96), and being administered an antidepressant in the
hospital (aOR 0.60, 95% Cl: 0.46-0.79).

Regarding the potential predictors of opioid-related MEs, the
only variable associated with a higher risk was having an active
opioid prescription at admission (aOR 5.15, 95% Cl: 3.03-8.78). On
the contrary, having the discharge prescription finalized with the
electronic reconciliation software was associated with a 69% lower
risk of having an ME for an opioid medication (aOR 0.31, 95% CI:
0.14-0.65). Albeit associations being nonsignificant, older ages
were also positively associated with increased risk of MEs related
to opioid prescriptions.

Discussion

Our study showed that almost 1 in every 2 hospitalized pa-
tients left the hospital with an opioid prescription, with more than
80% of these prescriptions given to patients discharged from sur-
gical units. Moreover, most patients with an opioid discharge
prescription were opioid-naive before admission. Most patients
filled their opioid prescription in the 30-day postdischarge period
with 11% of patients with no discharge opioid prescription filling
prescriptions from community physicians in the 30 days post-
discharge. As such, findings from our study should be viewed as a
reflection of either a communication gap between inpatient and

community-based care teams or potentially gaps in access to care,
because patients who experience acute pain after discharge but
cannot reach their hospital-based team will reach out to a primary
care provider for relief. Moreover, similarly to other studies
looking at overall predictors of opioid prescription at discharge, in
this cohort of hospitalized patients, we found that older patients,
patients undergoing specific medical interventions such as
thoracic surgery, and patients with diagnoses for pain syndromes
were all at a higher risk of receiving an opioid prescription at
discharge.”*® In addition, higher number of medications and
medication changes prescribed at hospital discharge were also
associated with a higher likelihood of receiving an opioid medi-
cation at discharge, findings not previously investigated
elsewhere.

In addition, we found that using an electronic medication
software was associated with a substantially lower risk of having
an ME associated with an opioid-related ME as well as with
receiving an opioid prescription at discharge, which is in accor-
dance with previous literature on the effectiveness of successful
medication reconciliation to prevent MEs."-"’

Most studies, which look at the amount of opioid prescriptions
given at hospital discharge, focus largely on the surgical group of
patients,”*" and they estimate that the proportion of patients with
an opioid prescription at discharge ranges from 6%, in Dutch pa-
tients, to 82% in US patients, for the same type of surgeries.”” Mul-
tiple comparison studies demonstrated persistent and striking
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Table 5. Exploratory analyses of potential predictors of receiving an opioid prescription and having an opioid-related medication error

at discharge.

Variable

Patient level
Demographics
Age, years

18-35

35-64

65-79

80+

Sex
Male
Female

Hospital unit discharge from
Internal medicine

Cardiac surgery

Thoracic surgery

Electronic reconciliation used
No
Yes

Length of hospital stay
<6 days
=6 days

Health services utilization: 1 year before admission

Emergency department visits
0

1+
Hospitalizations

0

1+
Radiotherapy

No

Yes

Chemotherapy
No
Yes

Medication use: 1 year before admission

Active opioid prescription at admission

No
Yes

History of opioid use
No
Yes

History of benzodiazepine use
No
Yes

History of antidepressant use
No
Yes

History of analgesic use
No
Yes
Targeted comorbidities
Mental illness
No
Yes
Pain syndromes

No
Yes

Adjusted OR (95% CI)
Opioid prescription

Reference
1.38 (1.07-1.76)
2.19 (1.47-3.24)
0.32 (0.16-0.59)

Reference
0.92 (0.76-1.10)

Reference
0.67 (0.42-1.09)
453 (3.17-6.48)

Reference
0.37 (0.28-0.49)

Reference
1.03 (0.77-1.36)
Reference

0.72 (0.62-0.85)

Reference
1.01 (0.88-1.16)

Reference
1.37 (0.85-2.21)

Reference
2.17 (1.15-4.08)
Reference

1.72 (1.22-2.44)

Reference
1.22 (0.88-1.66)

Reference
1.02 (0.78-1.32)

Reference
0.81 (0.61-1.07)

Reference
0.74 (0.58-0.96)
Reference

1.17 (0.81-1.66)

Reference
1.27 (1.03-1.57)

Adjusted OR (95% Cl)
Opioid-related medication error*

Reference
1.38(0.87-2.18)
1.59 (0.81-2.98)
2.37 (0.48-11.5)

Reference
0.94 (0.62-1.42)

Reference
0.41 (0.15-1.01)
0.30 (0.12-0.72)

Reference
0.31 (0.14-0.65)

Reference
0.61 (0.34-1.10)
Reference

1.41 (0.81-2.46)

Reference
1.12(0.74-1.69)

Reference
1.57 (0.89-2.77)

Reference
0.84 (0.54-1.29)
Reference

5.15(3.03-8.78)

Reference
NA?

Reference
0.88 (0.48-1.63)

Reference
0.98 (0.51-1.88)

Reference
0.98 (0.51-1.89)
Reference

1.12 (0.65-1.91)

Reference
0.91 (0.55-1.49)

continued on next page
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Table 5. Continued

Variable Adjusted OR (95% Cl) Adjusted OR (95% CI)
Opioid prescription Opioid-related medication error*
Cancer diagnoses
No Reference Reference
Yes 1.12 (0.90-1.39) 1.02 (0.63-1.66)

In-hospital medication use

Antidepressants
No
Yes
Opioids
No
Yes

Benzodiazepines
No
Yes

Analgesics
No
Yes

Pain medicine injection
No
Yes

Medications prescribed at discharge

Analgesics
No
Yes

Total number of medications prescribed at discharge
0-4
5-6
7-9
10+
Total number of medication changes at discharge
0-4
5-6
7-9
10+

Cl indicates confidence interval; OR, odds ratio.

Reference Reference
0.60 (0.46-0.79) 1.06 (0.58-1.96)
Reference Reference
17.9 (11.0-29.3) 0.71 (0.23-2.17)
Reference Reference

0.88 (0.12-1.15) 0.79 (0.43-1.45)

Reference Reference
1.43 (1.14-1.82) 1.38 (0.85-2.26)
Reference Reference

1.18 (0.86-1.62) 1.42 (0.88-2.29)

Reference
1.51(0.83-2.74)

Reference
6.51 (4.57-9.25)

Reference
0.72 (0.32-1.62)
0.74 (0.39-1.42)
1.10 (0.48-2.53)

Reference
0.98 (0.76-1.26)
0.92 (0.69-1.22)
1.92 (1.37-2.69)

Reference Reference
0.78 (0.56-1.08) 0.69 (0.42-1.17)
0.70 (0.49-0.98) 0.71 (0.43-1.21)
1.48 (1.09-2.03) 1.07 (0.57-1.99)

*The model was fitted only among patients who had received an opioid prescription at discharge (n = 1530).

*This variable was not included in the model exploring variables potentially predicating medication discrepancies owing to sparseness of data. Since the
conceptualization of the main variable of opioid-related medication errors relied on information of the previous history of patient's opioid use, all patients with/
without a medication error were previous users of opioids and by definition, there is no patient who was opioid-naive and had a discrepancy in their opioid

medication written at discharge.

differences between North America, and particularly the United
States, and other countries in their opioid prescribing practices.”'*
Our estimates are close to the ones found in the United States, with
73% of surgical patients in our cohort having received an opioid
prescription at discharge. Research within the United States has also
shown that the quantity and the number of dispensed opioids has
increased over time, " suggesting that many are receiving opioids
that are most likely not needed at all for adequate relief. It has been
argued that overprescribing of opioids after surgery could lead to
increased risk of adverse outcomes and adverse opioid-related
behaviors such as prescription opioid misuse, opioid diversion,
and new or unintended prolonged opioid use.”***"" Although we
cannot comment on the causal link between opioid exposure and
these outcomes, we did observe high rates of ED visits, read-
missions, or deaths in the 1 month postdischarge for patients with
an opioid prescription at discharge. We also noticed that these rates
were almost twice as highin patients with opioid-related MEs such
as therapy omissions, duplications, or dose changes, and while for
most statistically insignificant, the associations of opioid-related
MEs pointed to an increased risk of healthcare utilization

compared to no MEs. Multiple interventions have been proposed to
minimize opioid prescribing at the provider, system, and patient
level.**"" Future research should further explore whether accu-
mulation of opioid use postdischarge is a reflection of over-
prescription by some in-hospital or community prescribers or of
patient drug-seeking behavior.

Our results for opioid-related medication errors found that most
errors occurred in handwritten prescriptions, which reflects results
from previously published studies.”** “ Nevertheless, most of
these studies, which looked at differences in rates of MEs between
electronic and handwritten prescriptions, focused largely on any
medication-related errors,” or separated them in high- and
low-risk groups.”” Our findings reflect those of other
studies,””"""" which showed that MEs could be prevented using
computer-generated prescriptions, as we observed a very low rate
of opioid-related MEs in the groups of patients who received an
electronic opioid prescription at discharge. Errors in prescriptions
written by hand are largely introduced because of inaccurate
medication reconciliation at the time of discharge or incomplete
retrieval of the community medications list at the time of hospital
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admission. Given the importance of prescription opioids in the
public health crisis of opioid-related mortality, our findings high-
light the need for an accurate medication list and careful review of
medications at transitions of care such as hospitalization. Policy
efforts should be targeted at the implementation of feasible
methods to audit errors in pharmacies and feed the data back to
hospitals.”

The strength of this study is its ability to linkdata on medication
use before admission and during the hospitalization as well as to
integrate information on patient discharge prescriptions and dis-
pensations postdischarge to comprehensively describe opioid-
related MEs and quantify ADEs in the community. Most of what is
known about the incidence and types of medication-related errors
uses different, single-focus, and narrow definitions of medication-
related errors, which made comparison across these studies diffi-
cult.” Another recent study that looked at errors in opioid pre-
scription for adult outpatients analyzed prescriptions as error-
related if they deviated from best-practice guidelines, had incor-
rect dates or medication frequencies, and lacked information on pill
quantity.”” None of these studies had the advantage of integrating
multiple data sources, and most used either only discharge pre-
scriptions or pharmacy claims to determine the status of discharge
prescriptions. In addition, none of these studies reported the extent
of patient harms from the resulting opioid errors. In this study, we
compared profiles of patients who received a discharge opioid
prescription and further provided information on the type of errors
that may occur at transitions in care as well as the occurrence of
adverse drug-related events and healthcare encounters.

Some limitations of our work merit emphasis. This is a
descriptive study and as such, results should be interpreted with
caution. First, we reported rates of ADEs across patients with and
without opioid-associated ME and therefore, no causality should be
inferred for these associations. Moreover, there is a potential for
recall bias as measurement of information on adverse events was
collected through self-reported interviews with patients. Third, we
reported the risk of healthcare utilization such as ED visits, read-
mission, and death up to3 months postdischarge associated with an
opioid-related ME and, while we used a propensity score to adjust
for a number of patient and medical characteristics, confounding
could still be a problem. Lastly, we did not build a predictive model
but rather explored potential variables associated with the presence
of a discharge opioid prescription and medication-related errors
based on substantive knowledge and not statistical significance.
Thus, our results should be considered as hypothesis-generating
rather than definitive and reported associations should be further
investigated in future studies.

Conclusion

In conclusion, we found a 13.4% rate of errors in opioid pre-
scriptions written for hospitalized adults and, in this sample,
almost exclusively present in handwritten prescriptions. A
significant number of these errors were owing to reconciliation
errors or history errors. The utilization of computer-based pre-
scribing and medication reconciliation software has the potential
to improve the safety of opioid and medication prescribing,
especially during critical periods of care such as hospital discharge
after surgery.
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Abstract

IMPORTANCE Although better pain management has guided policies for opicid use over the past
few decades, evidence is limited regarding how patterns of use are associated with the risk of
potentially avoidable opioid-related adverse events.

OBJECTIVE To estimate the risk of harms associated with opioid dose and duration of use, and to
ascertain whether the risk is modified by treatment indication and age.

DESIGN, SETTING, AND PARTICIPANTS This ad hoc cohort study followed up patients who were
enrolled in a cluster randomized trial of medication reconciliation between October1, 2014, and
November 30, 2016, 12 months after they were discharged from the McGill University Health Centre
in Montreal, Quebec, Canada. To beeligible for this study, patients needed to havefilled at least 1
opioid prescription 3 months after discharge. Patients with a history of using methadone or
buprenorphine were excluded. Data analyses were performed between February 1, 2019, and
February 28, 2020.

EXPOSURES Time-varying measures of opioid use included current use, daily morphine milligram
equivalent (MME) dose, cumulative and continuous use duration, and type of ingredients in
prescription opioids used. Hospitalization records, dispensed prescriptions records, and
postdischarge interviews were used to evaluate adherence to the opioid prescriptions after
discharge.

MAINOUTCOMES AND MEASURES Opioid-related emergency department visits, hospital
readmissions, or all-cause death. Outcomes were ascertained using provincial medical services
claims and hospitalization databases.

RESULTS Of 3486 participants in the cluster randomized trial (mean [SD] age of 69.6 [14.9] years;
2010 men [57.7%]), 1511 patients were included inthis ad hoc cohort study. Amongthose withat least
1 opioid dispensation, 241 patients (15.9%) experienced an opioid-related emergency department
visit, hospital readmission, or death. Results from marginal structural Cox proportional hazards
regression models showed more than a 2-fold increase in the risk of opioid-related adverse events
associated with a cumulative use duration of more than 90 days (adjusted hazard ratio, 2.56; 95% Cl,
1.25-5.27) compared with 1to30 days. A 3-fold risk increase was found witha mean daily dose higher
than 90 MME (adjusted hazard ratio, 3.51; 95% Cl, 1.58 7.82) compared with 90 MME or lower.

CONCLUSIONS AND RELEVANCE This study found an asscciation between risk of adverse health
careeventsand higheropioid doses and longer treatment duration. This finding can inform policies
for limitingopioid duration and dose to attenuate the risk of avoidable morbidity.

JAMANe twork Open. 2021;4(5):€218782. doi:10.1001/pmanetworlopsn. 20218782
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Key Points

Question Is the risk of opioid-related
emergency department visit, hospital
admission, or death associated with the
prescribed opioid dose and duration

of use?

Findings Inthis cohort study of 1511
patients who were discharged froman
academic hospital, both cumulative
opioid use durationof morethan 90
days and daily opioid dose higher than
90 morphine milligam equivalents
were associated with increased risk of
opioid-related adverse events.

Meaning Results of this study suggest
that practitioners need to focus on
adjusting pain management strategies
for patients who are transitioning from
acute postoperative to chronic pain and
that policies should limit opioid use
duration and doses to minimize opioid-
related morbidity.
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Introduction

Over the past 20 years, opioid prescribingand average prescription volumes continued to increase
in the United States and Canada."? Opioids remain the main treatment for cancer pain, as
recommended by the World Health Organization.* However, substantial increases in prescriptions
for chronic noncancer pain have also been documented. In the 2010s in North America, opioid use
increased by nearly 100%,* with acute pain beingthe most common indication. >® These patterns in
prescription opioids have been accompanied by higher rates of opioid-related morbidity and
mortality.*” Nonfatal opioid-related outcomes have been reported in older adults, even when the
drugs were used as directed * Furthermore, the long-term benefitsare uncertain given that even
short-term use may lead to greater predisposition toadverse events.'® Longer trials have shown less
pain relief with opioids, possibly because of pain tolerance or opioid-induced hyperalgesia." This
response may play a role in an escalation in the dose and potency of opiocids, which subsequently
may be associated with higher risk for adverse reactions. Yet, no opioid trial has followed up patients
for longer than 6 months,™? and most observationalstudies have examined only the association
between theinitial dose of opioid prescriptions and the duration of subsequent use.*1%

For many patients, their first opioid exposure follows a hospitalization, making this group a
high-priority population for investigation. Inadequate postdischarge communication of hospital-
initiated changes in medication amongcommunity-based practitioners is a well-established
problem '® Consequently, community physicians may continue prescribing opioids started in the
hospital for acute pain relief because they have no information on the treatment indication or the
expected therapy duration. Thus, the prescribing practices during hospitalization may have
implications for the increase in opioid consumption and its related adverse outcomes.

In this cohort study, we aimed to estimate the risk of harms associated with opioid dose and
duration of use. We also aimed to ascertain whether the risk is modified by treatment indication
andage.

Methods

Ethicsapproval for this study was obtained from the McGill University Health Centre (MUHC)
Research Ethics Board. Some patients provided written informed consent, whereas others provided
verbalconsent on the telephone. Privacy Commissioner permission tolink clinical andadministrative
data was obtained from the Commission d'Accés a I'Information du Quebec. We followed the
Strengtheningthe Reportingof Observational Studies in Epidemiology (STROBE) reporting
guideline."

Design, Setting, Participants, and DataSources

We followed up a prospective cohort of patients 12 months after their discharge from a medical or
surgical unit. These patients wereenrolled in a cluster randomized trial of medication reconciliation
at the MUHC between October 1, 2014, and November 30, 2016." The MUHC isa quaternary care
teaching hospital with more than 1000 beds in Montreal, Canada, that operates within the universal
health care system of the province of Quebec (Régie de 'Assurance Maladie du Québec [RAMQ]).
The RAMQ plan covers all hospitalizations, essential medical care, and drug insurance for registrants
whoare aged 65 years or older, are recipients of income security, and are not insured through their
employer (approximately 50% of the Quebec population).

To beeligible for the original cluster randomized trial, patients had to be aged 18 years or older
atadmission, have been admitted from the community or transferred from another hospital, and
have had at least 1year of previous continuous provincial health care coverage. To be included in the
present ad hoc study, patients needed to have filled at least 1opioid prescription in the 90 days after
discharge. We excluded patients with a history of using methadone hydrochloride or buprenorphine
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hydrochloride, which are prescribed to treat opioid addiction.' eFigure 2 in the Supplement shows
the patient selection for the study.

We linked multiple data sources. Demographic, clinical, health care use, and prescription claims
data were retrieved from admission notes and from RAMQ medical services and prescription claims
in the year before and after the index hospitalization. Data on admission and discharge dates, units,
and diagnoses as well as major procedures were retrieved from the hospitalization database.
Medications at admission, in hospital, and prescribed at discharge were abstracted from the MUHC
Data Warehouse. Information on hospital discharge experiences was obtained through telephone
interviews 30 daysafter discharge.

Postdischarge Opioid Use

Opioid use 1 year after discharge was measured using RAMQ pharmacy claims. For each prescription
filled, the drug identification number, strength, dispensing dateand quantity, prescription duration,
and prescribing physician are documented in these claims. Drug identification numbers that were
mapped to Anatomical Therapeutic Chemical codes NO2A and RO5DA were used to identify opioids
(eMethods 1in the Supplement). On each day, an individual was classified as havingan active
prescription or not. A 5-day grace period wasadded to theend of each dispensation given that
opioids were often prescribed on a use-as-needed basis, and patients were likely to take some
unused pills fora few days after the prescription ended. eMethods 2 and eTable 6 in the Supplement
describe the opioid daily dose calculations.?® We also constructed time-varying binary indicators of
recent opioid discontinuation, dose increases, and opioid add-on therapy.

This study was unique in that administratively derived measures of opioid exposure were
supplemented with information on the patient's medication-use behavior. This information was
extracted from interviews 30 days after discharge to construct a series of time-invariant indicators
that identified patients whofilled a prescription and (1) continued using it, (2) started using it but
stopped, or (3) never used it.

Outcomes, Potential Modifiers of Harms, and Covariates

Outcome was defined as the time from the first opioid dispensation to the earliest of the first opioid-
related emergency department (ED) visit, hospital readmission, or death from any cause in the year
after discharge. Outcomes were ascertained using RAMQ medical services claims and hospitalization
databases, which identified all ED visits and readmissions to any hospital. An adverse event was
considered opioid-related if the diagnosis indicated opioid abuse, opioid dependence, and/for opioid
poisoning andjor any of the more common adverse effects of opioids,?' including constipation,

2228 or fractures.?” *© We combined all possible opioid-related adverse
effects because only 3 patients (0.2%) were diagnosed with opioid abuse, dependence, and/or

nausea, vomiting, dizziness,

poisoning and because medication-related adverse events are underascertained in the ED.*'
eTables 1to 5 in the Supplement list the International Uassification of Diseases, Ninth Revision,
Clinical Modification, and International Statistical Classification of Diseases, Tenth Revision, Uinical
Modification codes we used.

We assessed potential modifiers of harms associated with opioid use, stratified by age (<64
yearsvs =64 years)and treatment indication, categorized as (1) cancer-related pain, (2) postsurgical
pain management, or (3) other chronic pain problems. Medical records were used to identify
treatment indication.

Potential risk factors for long-term opioid use included patient demographic characteristics
(age. sex, and drug insurancestatus), coexistingillnesses (history of mental health conditions, pain
syndromes, substance and/or alcohol use disorder, tobacco use, cancer diagnoses, and other
comorbidities), and drug and health care use 1year before hospitalization (opioid misuse; nonopioid
pain medications; and number of ED visits, hospitalizations, physicians seen, and dispensing
pharmacies). We also assessed the reason for hospital admission, in-hospitaladministration of
opioids, the reason for opioid prescribing at discharge, whether a multimodal pain management
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regimen was prescribed, and discharge destination.™*” To measure health care fragmentation
associated with low quality of care and increased adverse outcomes or opioid-seeking behavior
associated with greater dependence,**3* we created time-varying covariates, updated daily during
follow-up, for the cumulative numbers of distinct prescribersand dispensing pharmacies after
discharge.

Statistical Analysis
Descriptive statistics were used to summarize patient, practitioner, and health care system
characteristics. For all main analyses, we relied on time-to-event methods. Specifically, we used
multivariable marginal structural Cox proportional hazards regression models (MSM Cox)?*”° to
identify the association between time-varyingopioid use and the risk of the outcome. Cohort entry
was the date of the first opioid dispensation within 3 months after hospital discharge. Patients were
followed up until their first opioid-related ED visit, hospital readmission, death, orend of follow-up.
We temporarily censored patients during hospitalizations that were unrelated to opioid use. Because
of the uncertainty regarding the association of opioid consumption patterns with adverse events,
we constructed alternative time-varying metrics of opioid use, which were updated daily duringthe
1-year follow-up period: (1) current use (no or yes), (2) cumulative use duration (1-30, >30-60,
>60-90, and >90 days), (3) continuous use duration (0, 1-30, »30-60, and >60 days), (4) daily dose
in morphine milligram equivalent (MME; =90 or >90), and (5) type of ingredient in prescription
opioids used (codeine sulfate, morphine sulfate, oxycodone hydrochloride, hydromorphone
hydrochloride, fentanylcitrate, or multiple opioid products) (eTable 7, eFigure 1, and eMethods 3in
the Supplement)37

All MSM Cox models included the same potential confounders, includingtime-invariant baseline
variables and time-varying covariates, that were selected accordingto statisticaland clinical
significance. To account for time-varying potential confounders that could also be affected by
previous opioid exposure, we used psychotropic medication use, targeted comorbidities, and
cumulative numbers of prescribers and dispensing pharmacies to estimate stabilized time-varying
inverse probability treatment weights®®3° for opioid exposure. To estimate the inverse probability
treatment weights, separately foreach 10-day time interval during the 1-year follow-up, we used a
series of multivariable logistic models,*® and to avoid unstable estimates, we truncated at the 95th
percentile of their distribution."® We used the robust sandwich covariance estimator to calculate SEs,
whileaccounting for the inverse probability treatment weights.*! To ascertain whether the risk of
opioid-related harms was modified by treatment indication or age, we used Wald tests of the
respective 2-way interactions at 2-sided a =.05.

All MSM Cox models were implemented with SAS, version 9.4 (SAS Institute Inc). Data analyses
were performed between February 1, 2019, and February 28, 2020.

Sensitivity Analyses
First, to account for potential long-termopioid use before study entry, we recreated the cohortin 2
sensitivity analyses, excluding patients with 1or more opioid dispensations from the first analysisand
those with 3 or more opioid dispensations from the second analysis, during the baseline period.
Second, in separate sensitivity analyses, we restricted the outcome to either opioid-related ED visit,
hospital readmission, or death. We also conducted sensitivity bias analyses in which we tested an
interaction term between the main exposure and the adherence measure constructed from patient
interviews to identify the extent to which the potential nonadherence to opioid prescriptions could
haveaffected the estimated association. Third, to account for the differences in severity of opioid-
related adverse effects, in 2 additional sensitivity analyses, we categorized the outcomesinto
fracture or dizziness and nausea or constipation.

Additional sensitivity analyses were performed to ascertain the extent to which selected,
statistically significant results could reflect potential bias from unmeasured confounders.** The
analysesinvolved (1) simulatinga potential confounder with prespecified associations (od ds ratios)
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Table L Baseline Characteristics of Patients Wha Filled an Opacad Prescription Within 90 Days
‘of Haospital Discharge. Stratifeed by Discharge Uit

Follow-up cobort, o. (%) (n = 1511}

Characterst S i

All patients 455 392 (15.9) 1115 {74.1}
Age, maan {500, y E56 (14.5) 67.7 (16.8) EE5 1150
Famale 1476 (42.3) 152 (45.00 435 (39.0)
Male: 1010 (57T} 200 (5109 =610}
Langth of hospital stay, 26 d 1530 (4.0} 351 (89.5) (TR}
Haalth cre usa 1 y before admission, maan (500
EDvisits 2485} 15.3 {20.3) 4481}
Hpitalizations oE(ls) 0.5 {15} o7 (LE)
Physician wists 109 (145} 14.0(1£.3) 59 (24)
Mo of prescribing physiclans 47(34) 6.3 (4.4} 1E(24)
Mo of physiclans prescribing opioids oS 19231} 05 (05}
Ho. of dispansing pharmades 14 (0.5} L6 (as) 1.4 (0E}
Mo of pharmactes dispensing cpioids 04 (L) 0.9 {07} 04 (08}
Acthva prascriptions at admission 8101} 14.3 {14.1) EE(E5)
Radiotherapy 215 (6.3} 77196 133 {115}
Chamatharapy 62 (7.5} B3 [(112) 176 (157}
Wadication use 1 y before admision
Activa opicid prescription at admission 504 (14.5) 186 [47.4) 105 {5.4)
History of opiok usa 1306 (34,6} 283 (723} 344 (30.7)
23 ophoid dispensations 104 (2.5) 61 [15.8) 18{1LE)
Hiztory of long.-acting apioid wsa 145 (4.7} 89 (127 35{3.1)
History of methadons or Bupranorphing wse 13 (0.4} 10 (26} 101}
History of banrodiazaping uss 10=E (317} 175 [44.6) 336 (30.0)
History of antidepressant usa T8 (303} 133 (33.5) B (126}
History of nanoplokd pain medication wsa 1068 (306} 243 (619) 405 (36.3)
In-hospital madication use
Antidepressants &28 (1200 112 (126) 153 (137}
Opioids TSS (720} 307 (78.3) 1113 {55.5)
Eanrodiazepines TITE (5.4} 196 (500§ 9597 (85,1}
Analgesics 3161 (0.7} 168 (43.1) 47 (84.3)
Pain reqiman a1 hospital discharge
Opinids 1530 (43.5) 202 (515) 587 {B8.2)
Nonopiold analqeucs TS (634} 227 (57.9) 990 {B8.5)
T comorbidities that may increass the risk
of | zathons or ED vislts
History of mantal illnass 511 {147} 74185 132 (11 E}
Damantia 113 (6.1} 25 (6.4} 1313
Substance andjor aloohol use disorder 115 (3.3} 27 (6.3) 12 (17}
Fain syndromes 1357 (32.8) 221 (55.4) 408 (36.5)
Cancar diaguosts 1753 [35.5) 168 [42.9) EIB[481)
Dther comorbidities that Incraasa e risk
of hospitallrations or ED vist
Cardiovasular disaases 1358 (40,1} 154 (39.3) E5T (58T}
Corobrovascular discens 134 (5.5} 45 (125 3 (61}
Prieumonla 3B BT} 45 (117 B2 (55}
COFD 751 (15} 102 (P6.00 1E(IL)
Kldnay disaase 364 (1004} 53(135) 4127
Ciabatas 731 (127} 52 (13.5) 133(19.5) m: m'd'wl shetncitm pikmonary
{5 SAMA Notwerk Opan. 20014(5)-0TIETED. dok 00N pmanctworkagen 20018TE: My 18300 &M
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(eTable 16 in the Supplement). Anabyses that restricted the outcomes to either fracture-related or
oither opsoid-related ED visits or hospital readmissions showed consistent results (eTable 17 in the
Supplement).

Discussion

Wi assessed the association betwean bong-term opioid use patterns (represented by time-varying
measwres of current daily use, daily MME dose, cumulative and continuous use duration, and type of
opioid ingredient) and opioid-related adverse events or death. We found incressed rishs with daily
dose as well as with comulative and continuous use duration. There were also waniations in the
magnitude of risk when considesing different treatment indications. The results highlight the
importance of acoounting for alternative opioid consumption patterns when quentifying the risk of
adverse health care events or death. Although mudh of the literature onsiders 30 days = a
threshold for safe opioid use M54 in this study, we provided risk estimates for multiple duration

Table 2. Characteristics of Prezcription Opioids Dispereed, Stratified by ingredient Type and Potency?04

z
Ingrediest { malecule Tactar -!Ilimt.lll.{u)‘ mean (500 msam (500, MBE P P Ho. (%) arad . Mo (XY
Coduing subfate 0.15 715 {14.2) 13.2 (10.1) 198 (12.4) 201(93.5) 11{5.1}
Morpiing sulfats 1 244(16.1) 10,4 (8.3) 17.8{27.3) 226 (91.6) 153 (B5.2)
Duycodone hydrechlonde 1.5 1044 (9.1} 8.6 (6.3) 153 {17.7) 610 (58.4) 241 (42.2)
Hydromoarphong s B89 (45.6) 9.8 (7.4) 318 {26.00 594 (B6.2) 180 (6.1}
hydrechiorida:
Fantanyl ciirate 1.2 108 (7.2) 22.5(11.3) 137.7 {121.5) 108 (99.1) 16 (14.7)
Wathadons hydrochlonda WA aa(2.9) HA 1) 37 (8.1} 33 (75.0)
Total o of patients™ [T 1511 T3 Na 950 (62.8) 595 (39.4)

#bbreviations: MME, morphine milligram squivalent: N, not applicsbla.

* Oy the takkot and patch forms of theso madications wens mmsdarod.

= & given patient can ba in mone than | artegory s the patiant fils multipl types of oploid ingreciarts.
= This total ks not equivalent tothe sum of patients in sach opioid ingrediant categary.

Table 3. Characteristics of First Opicad Prescrigtion Filled in the 30-Day Postdischarge Period

Opioid prascription at descharge?

Characteristic Drwerall Yos N

All patients 1511 1163 {76.5) 348 (23.0

Dplokd presoiption filled
witthin first 7 1228 (81.3) 1050{50.3) 178 (51.2)
witthin first 30 4 1360 (30.0) 1118 {36.1) 242 [69.5)

MME dosa dispansad
Maan (500 34.9 (26.5) 34.9(23.6) 34.8(40.5)
Madian (IQE)} 29.1(20.0-417)  30.0{2L0-41.T) 25.0(16.0-40.9)

MIME teesa dizpanzad
=50 1467 (37.1) 1137 {37.8) 330 (54.8)
=50 #4(2.9) 26(2.2) 18 (5.2)

Typa of opictd Ingeodients dispansad
Codaina 47 (3.1) 21 (1B} 26 (1.5)
Morphing 68 {4.5) 33(2.8) 35 (10.1)
Oycodong 852 {53.0) B14{69.5) 138 (39.7)
Hydremorphans 419 (27.7) 286 (24.5) 133 (38.2)
Fantamyl 22 (L5) 7 (06 15 (4.3)

Comt opioid products dispensed 304 {20.4) 209 {17.5) 99 (28.5)

Combination nosopicid products dispenssd 1300 (86.0) 555 {85 5) 301 (B5.5) m;:mhrmm:.
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categories of up to and beyond 90 days tollustrate how the risk of adverse events may vary with
short-term and long-term use patterms.

‘Observational research into extended opiold treatment durstion and associated adverse events
Isscant, with most of the evidence coming from dinical triaks with a duration of less than a year and
previous observational studies examining anly the initial oplosd prescription duration #4348
Regarding the risks of oplod use duration, results of the cument study are similar to the findings of a
2017 Cochrane Reviews sumemany. ™ In this study, the nonsignificant findings and wide Cis for
continuous use beyond 90 days could be a reflection of low statistical power given that only a few
patients had long, uninterrupted use during the 1-year follow-up. However, it has been previously
documented that Just as patients developed tolerance to the analgesic properties of oplolds. they
aso devaloped the capacity to tolerate adverse outromes. * In this study, mean oplold doses started

Table 4. Rk of Adverse Events for Opioid Exposure Metrics inbarginal Stnectural Cox Proportional Hazands Regresson Models
Htfmmhmﬂ Rizh of B wisets or

Mo of adversa Imcidence rata lulﬁmr:. h:ﬁ. Fisk of duath,
Opield e peera mtric el Parsan-years (35K OF 4, rltm:cu“ dpusted HE (55% CIj* dustod HE [35% 1)
Crromt s
L4 ] 128 11027 116.1 [96.8-138.0) 1 [Reforonca) 1 [Refarance] 1 [Raforonca)
Yoz 113 2334 434.2 (399.0-582.1} 1.71{1.04-2.87)} 200 [0.5E-4.20) 1.56 [0.79-3.04)
Cumulstive use deration, d
1-30 123 9733 176.4 [105.0-150 5} 1 [eferenca] 1 [Reference] 1 [Referenca]
> 305 ) 181.1 142.9(176.6-326.7} 1.55 {0.95-2.52} 147 [(0E5-3.14) 1.51 [0.86-3.03}
*B0.-S0 Jﬂ- 56.6 423.7 [271.5-630.4} 21.45(1.18-5.09) 105 [0.22-3.92) 345 [1.41-B.4T}
>0 50 1¥5.1 329.8 [296.7-527.0) 2.56({1.235-5.2T) 207 [(T0-5.07) 1.89(1.11-7.53}
ot nuous wse duration, d
a 128 11027 116.1 [96.8-13B.0) 1 [referenca] 1 [Refarence] 1 [Reference]
130 L] 1320 477.3 [(386.7-610.6} 1.79{1.00-3.27) 210 [0.T3-5.86) 1.66 [0.84-3.29)
=305 . 3z 801.5(523.5-1174.3})  3.73{1.83-7.60} 519(1.56-17.2) 2.10(1.28-7.54)
*B0 M 6B.3 348.1 (223.1-517.5} Q.8s{0.37-1.96) U5 [032-2.49) 081 [0.26-2.4T7}
Daily MME daso
=50 n7 13023 158.59(138.0-1821} 1 [Reforonce] 1 [Reference] 1 [Reforonca)
30 e 3zg 1003.1 {654.7-1800.7} 3.51{1.58-7.87} 105 [0.30-2.78) 584 [2.12-16.02}
Type of epioid Ingredient used
‘Code ne: 4 135 156.5 (80.5-T60.2) 1 [Reforenca] 1 [Refarance] 1 [Reforenca]
uorphine 13 181 1047.5({630.7-16355) 4.04{1.03-15.9} LE1[03E-11.6) 536 (1.18-73.9)
m 15 TBE 102.9(115.9-379.5} 1.48 (0.35-6.25} QUET [OU10-4.27) 1.98 [0.33-27.0}
Hydromomphone 45 8r.2 505.8 (376.3-690.7} 2162 {0.64-10.7} 105 [0 1E-6.41) .74 [0.83-54.8)
Fomtamyl 11 15.3 718.7 (358.8-12860}  2.93{0.57-15.0} .43 (B02-6.01) 267 (0.87-86.1}
uultiple opioid products 18 0.4 £23.31(521.5-1395 0} &36(1.42-28.4) A T4[0055-32.4) 554 [1.01-58.3)
Abbrovistions- ED, amergency department: HR | i matio; MME. morphing miligram equivak
* T owanit counts ara for the-comg arteoene of ED wisits. road o, anclior daath.
! imcidenes rab i reporisd as 1000 per year
B derad In the cloubition of the Imvorse probability treatment weights wers 25 follows: (1 domographic chaactorstics (le. indicator for 2 patient medomined to the

llﬁnﬂ:lrllmn m@lﬂhﬁmsﬂ: and copary stabi): () medicall presoription. and beatth cans wse 1 year bofor admission (e, uniqua numbear of dspensing.
P k —*mmwﬂm:ﬂhmmwﬂmmdmﬁhﬁthmwﬂ

i i:DH"' o jomcs, targeted comorbidities that may Incoase = s risk of opioid-rel wonts. history of chronic pain, provious oploid
mmthnﬂﬂdl‘hﬂ'ﬂnﬁ dmmufmmmmmmm mdmmwmnhmdmm
langth of hospital stay, opiold admislstration during tha indax bosg 1=aof antidap ik

descharged from [medical vs surgical]. and typa of surgeny [aedac vs Iim:ddk{-l.‘l a-«hch-pdmun{n recipt of am opiold proscription: pm:tltg rezmon such 25
Fanving bad surgery. having andaty, or pain peobioms): {5} time-vanying postdisdhargs chaacdenstics (i, uss of benmodirepines. s of antidepressants. use of methadons or
h.q:uwrpl'- mmﬂmnnﬁwcfmm-mlﬂdmm rocant dronimuation of opicid uss, recamt inoaesos s opkoid dose. seoet ad-on
ok Eetnd besaling madical comorbidities]. The S5th percantila for the stabileod woight was 2.88 {mean[50] - 0E1[o].

o Tha Akalka hhnﬂc-mmfnr'lh mockeds wora 35652 3 with cument use, 2557 6 with cumulathes vee duration, 2548 1 with continuous 1o duration. 25355 with MRE dalfy dosa.
and 2548 I wifth bypa of oplokd ingredient wsed.

* gadditinnal consoring waights wers iIncinded o accmnt for oompating s by death. Same oonvartates 2= thosa induded|in the troxtmont welghts woro used for the
carsoring waights.
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with both relevant opioid exposure and occurrence of the outcome and (2) rerunning the
multivariable analyses with additionaladjustment for the simulated confounder.#?

Results

Amongthe 3486 participantsin the original cluster randomized trial, including 2010 men (57.7%)
and 1476 women (42.3%) with a mean (SD) age of 69.6 (14.9) years (Table 1), 1511 were followed up
in the current study. Most patients underwent surgery (1119 [74.1%]). and 392 (25.9%) received care
in the medical unit. At hospital discharge, 202 of 392 patients (51.5%) from the medical unitand 987
of 1119 patients (88.2%) from the surgical unit received an opioid prescription. A list of the
prescriptions dispensed by type of opioid ingredient and potency is provided in Table 2 2°** Among
the 348 patients whodid not receive an opioid prescription at discharge, 178 (51.2%) filled an opioid
prescription inthe 7 days after discharge (Table 3). Fewer surgical than medical patients used opioids
before admission (344 of 1119 [30.7%] vs 283 of 392 [72.2%)]). Overall, 168 of all patients from the
medical unit (42.9%) and 538 of all patients from the surgical unit (48.1%) had documented cancer
diagnoses in the year before hospitalization and/or at hospital discharge. In the yearafter discharge,
241 patients (15.9%) had an opioid-related ED visit or hospitalization or died. The most frequent
potentially opioid-related adverse events were fractures (219 [51.8%]), nausea and vomiting (66
[15.6%]). and dizziness (78 [18.4%)]). Additional results from descriptive analyses and main models
are shown in eTables 8 to 17 in the Supplement.

Current opioid use, which identified patients as having an active prescription on a given day
during the follow-up period, was associated with a 71% increased risk of opioid -related adverse
events (adjusted hazard ratio [AHR], 1.71; 95% Cl, 1.04-2.82) (Table 4). Compared with shorter
cumulative exposure of 1 to 30 days, longer past use of more than 60 to 90 days (AHR. 2.45; 95% Cl,
118-5.09)and more than 90 days (AHR, 2.56; 95% CI, 1.25-5.27) were both associated with a 2-fold
increase in risk of adverse events. Uninterrupted continuous use for up to 60 days was associated
with a 3-fold increased risk of opicid-related adverse health care events (AHR, 3.73; 95% Cl,
1.83-7.60) compared with patients who were not current opioid users. In contrast, fora few patients
who exceeded 60 days of continuous use, no evidence of an increased risk of adverse events was
found (AHR, 0.86; 95% Cl, 0.37-1.96).

The risk of opioid-related adverse events or death was 3 times higher for a current daily dose
higher than 90 MME (AHR, 3.51; 95% (I, 1.58-7.82) vs 90 MME or lower. Among different types of
opioid ingredients, only morphine showed statistically significant risk increase (AHR, 4.04; 95% Cl,
1.02-15.9) compared with codeine, albeit with wide Cls (Table 4). We found 2 statistically significant
interactions between surgery and current opioid use (AHR, 3.35; P =.003)and between surgeryand
more than 90 days of opioid use (AHR, 7.80; P = .002). Among patients discharged fromthe surgical
unit, both current use (AHR, 3.35; 95% Cl, 1.82-6.85) and cumulative use duration of more than 90
days (AHR, 7.80; 95% Cl, 3.20-1311) were asscciated with statistically significant increased risk of
opioid-related adverse events or death. In contrast, both associations were not statistically
significant for patients discharged from the medical unit. The interaction between cumulative opioid
use duration of more than 90 days and a cancer diagnosis was also significant (eTable 13 in the
Supplement). Results of interaction analyses by age and treatment indication are ineTables 12and 13
inthe Supplement.

Excluding previous opioid users slightly changed the results (eTables 9 and 10in the
Supplement). The absence of an interaction between adherence and current use (P = .99) could be
attributed to excellent adherence: in the first month after discharge, 90% of patients (n = 1360)
reported usingtheir dispensed opioids as prescribed, only 12% (n = 169) discontinued their initial
dispensation, and 5% (n = 70)filled their prescription but never started using it. In bias sensitivity
analyses, patients with a daily opioid dose higher than 90 MME remained at a significantly increased
risk of opioid-related adverse health care events, even afteradjusting for a moderately strong
unobserved confounder, with an odds ratio of 2 for both exposure (higher dose) and outcome
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to plateau by the greater than 90-day threshold and did not escalate with increasing duration
beyond 90 days of use (eTable 13 in the Supplement), which suggests that these patients potentially
transitioned into long-term users.

We noted an increased risk of adverse events with daily doses higher than 90 MME. Previous
studies have also demonstrated an association of opioid dose with adverse events, such as increased
risks of fractures, road trauma, and opioid-related mortality.” % Saunders et al*” showed that a
daily opioid dose higher than 50 MME was associated with a 2-fold increase in the risk of fractures.
Similar to our study, work by Ishida et al** found high doses to be associated with risks foralladverse
outcomes. The present study showed that use by most patients in this cohort did not exceed the
recommended maximum dose of 90 MME ™ and yet their risk of adverse events was still high vs the
risk of patients who were not exposed to opioids.

Existing data on the rates of morbidity and mortality asa function of drug potency among
commonly prescribed opioids are somewhat conflicting. > However, because of the relatively
smallsample sizeand overlapping Cls in this study, our comparisons of the risks associated with
different prescription opioids were inconclusive, even if the results suggested that morphine users
may beat higher risk of a composite outcome and death.

Results of this study can inform pain management policies or strategies aimed at preventingor
attenuating opioid-related morbidity. Practitioners need to adjust opioid use duration and opioid
doses for patients who are transitioning from acute postoperative to chronic pain.

Strengths and Limitations
This study has some strengths. It used multiple data sources, which enhanced the internal validity of
the study by providing detailed covariate information to adjust for confoundersand account for
potential mediators. Most of what is known about extended opioid treatment and associated
adverse events s based on different and arbitrary definitions. ™2 In this study, we compared various
time-varying opioid use metrics to provide further insights into the mechanism behind the
development of opioid-related events. 353

This study has some limitations. In the data analyses, we used prescription duration as recorded
by pharmacists. Because opioids are given on an as-needed basis, exposure mismeasurement is
possible. However, we expect the resultingexposure misclassification to be nondifferential and thus
to bias the estimates toward the null. As in all observational studies, this study had the potential for
unmeasured confounding and confounding by indication. Our decision to include only patients with
at least 1opioid dispensation after discharge (excluding never users)and to select asa comparator
those patients on short-term or low-dose opioids reduces concerns about potential bias from
confounding by indication. Moreover, a consistent limitation across all claims-based studies,
including this study, is the inability to account for opioid medications that were obtained through
diversion or other illicit means. However, a study conducted in a similar cohort of universally covered
patients in the province of Quebec found older adults to be less likely to experience an opioid
prescription-asscciated overdose death and to seek outpatient prescriptions compared with
younger people. Most patients in this study cohort were 64 years of age orolder; thus, we expected
illicit use to have little implication for the main findings.* In this study, the choice of a broader
outcome may be prone to confounding. However, we explored the amount of hidden bias froma
simulated confounder necessary to alter the conclusion that patients with higher daily opioid doses
have a higher risk of opioid-related adverse events, and the association was robust. Future research
using data from multiple health care systemsiis required to replicate these findings in larger
population cohortsand provide greater generalizability.

Conclusions

In this cohort study, we found that using opioids for prolonged duration and at high doses was
associated with increased risk of opioid-related adverse events or death. These results can inform
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policies or strategies for minimizing the harms and risks asscciated with opioid-related morbidity.
Opioid use duration and opioid doses may need to be adjusted for patients who are transitioning
from acute postoperative to chronic pain.
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