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ABSTRACT

Background: When measured in milligrams of morphine equivalents (MME) dispensed, Canada
has the second highest rate of opioid prescribing in the world. Prescription opioids have been
associated with adverse health outcomes, including opioid use disorder (OUD). This study will
help to understand how patterns of initial prescription opioid use affect the risk of being treated
for OUD.

Objectives: To examine population-level patterns of opioid prescribing among previously opioid
naïve individuals who initiated prescription opioid treatment for non-cancer pain, and to
determine whether a dose-response relationship exists between average daily dose (in MME) at
initiation and time to treated OUD.

Methods: We conducted a population-based cohort study among opioid naïve individuals
dispensed opioids for non-cancer pain between 2013 and 2016 in Ontario, Canada. The primary
exposure was average daily dose (MME) at initiation of opioid therapy. Secondary exposures
included opioid formulation type and total days’ supply. The outcome of interest was treated
OUD. Individuals were followed for a maximum of 57 months (to March 31, 2018). We
performed Kaplan-Meier survival and multivariable Cox regression to examine factors
associated with risk of treated OUD.

Results: 1,607,659 opioid-naïve individuals initiated a prescription opioid within the study
period. The median age of individuals at initiation was 47 years (IQR 30-61), 52% were female
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and 88% lived in an urban community setting. The incidence rate of treated OUD within the
study period was 86 cases per 100,000 person-years. Compared to an average daily dose of <20
MME at initiation, higher average daily doses were associated with greater hazard of treated
OUD, 20-50 MME (HR 1.11, 95% CI: 1.02, 1.21), >50-90 MME (HR 1.29, 95% CI: 1.16, 1.44),
>90-150 MME (HR 1.29, 95% CI: 1.06, 1.56), >150-200 MME (HR 2.49, 95% CI: 1.54, 4.03)
and >200 MME (HR 4.15, 95% CI: 2.89, 5.97).

Conclusions: Certain demographic, clinical and opioid prescription characteristics at initiation
are associated with shorter times to treated OUD. Results suggest a dose-response relationship
between average daily dose and time to treated OUD. This study highlights the importance of
adhering to clinical practice guidelines when weighing the risks and benefits of prescription
opioid initiation.
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Chapter 1
Introduction

1.1 Background and Rationale
The safety of prescription opioid use and the rate at which opioids are being prescribed
are serious and ongoing issues for individuals, communities and health systems across Canada.
The associations between dispensing of opioids and opioid-related adverse events such as
dependence, addiction or mortality, have been well documented.1–5 When measured in
milligrams of morphine or equivalent (MME) dispensed, Canada and the United States have the
highest per capita rate of opioid consumption in the world.6 Despite knowledge of the opioid
epidemic, associated harms and new prescribing guidelines, over 21 million prescription opioids
were dispensed in Canada in 2017, or approximately 595 opioid prescriptions per 1,000
population.7 The number of apparent opioid-related deaths in Canada have reached 4,460 in
2018;8 some of which have been attributed to prescription opioids, while most have been a
result of accidental overdose using non-prescribed illicit substances that may or may not have
been contaminated with highly potent opioids such as fentanyl or its analogues.9,10 In Ontario, an
estimated 1 in 7 people received a prescription opioid in 2015/2016.5 The number of annual
opioid-related deaths in Ontario rose from 127 in 1991 to 1471 in 2017.8,11–13 Certain populations
in Canada have been identified as being more vulnerable to prescription drug use, misuse and
related harms than the general population.5
As the main focus of managing the opioid epidemic has been on limiting misuse and
diversion of prescription opioids, there has been less effort allocated to understanding and
preventing the risk of opioid-related addiction in chronic non-cancer pain treatment.14 Currently,
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there is no research measuring the overall risk of opioid use disorder (OUD) and how that differs
based on opioid prescription and demographic characteristics amongst non-cancer pain patients
at the population level in Canada. As such, the proposed study will contribute to the existing
body of evidence to help understand the patterns of prescription opioid use and how those
patterns affect the risk of developing an OUD. Ultimately the results of this project will aim to
have an impact on improving the health of populations with respect to those who are prescribed
opioids. Our goal is to increase awareness and understanding among drug-policy makers and
clinicians by informing clinical practice and guidelines through knowledge translation activities.
This project has direct relevance to health and drug policy decision making at federal, provincial
and local levels, including government agencies, physician governing bodies, regional and local
public health agencies, among others.

1.2 Objectives
The first objective of this thesis is to examine population-level characteristics of
previously opioid naïve individuals who initiated prescription opioid treatment for non-cancer
pain by demographic, clinical and opioid prescription characteristics. The second objective is to
determine whether there is a dose-response relationship between average daily dose (in MME) at
initiation of prescription opioid treatment and risk of treated OUD.

1.3 Thesis Outline
The second chapter of this thesis provides an extensive literature review on opioid
prescribing and non-cancer pain, history and origins of the opioid epidemic, research related to
adverse outcomes following initiation of prescription opioids as well as risk factors, prevention
and treatment of OUD. The third chapter contains a manuscript which examines initiation of
2

prescription opioids for non-cancer pain among previously opioid naïve individuals in Ontario
and risk of treated OUD. The fourth chapter includes a general discussion and provides a
summary of main findings, comparison of findings with relevant literature, study validity, public
health and policy implications and future research directions.
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Chapter 2
Literature Review

2.1 Opioid Prescribing Rates
2.1.1 International prescribing
Long-term opioid treatment for chronic non-cancer pain in North America is common,
although little evidence supports this practice as an effective solution for chronic pain.1,2 The
United Nations (UN) Office on Drugs and Crime suggest that harms associated with prescription
drugs are a “major and growing health problem”.3 Opioid prescribing by clinicians has continued
to increase, particularly in North America.4 According to the UN World Drug Report, the
estimated global prevalence of opioid use in 2015 was 0.7%.5 In comparison to the global
average, the prevalence of opioid use in North America is high (estimated to be 3.8%); the
United States contains 4.6% of the world’s population yet consumes 80% of the world’s opioid
supply.1 The level of prescribing and use of opioids in North America represents a challenge
when alternative pain management options are expensive or not covered by public/private
insurance, and there is insufficient medical training in pain management.

2.1.2 National prescribing
In Canada, most prescription opioids are classified as Schedule I under the Controlled
Drugs and Substances Act and defined as highly addictive and dangerous.6,7 When measured in
MME dispensed, Canada has the second highest rate of opioid prescribing in the world behind
the US.4,8 Between 2001 and 2014, there was a steady increase in prescription opioid dispensing
in Canada, from 10,209 average daily doses per million population per day in 2001 to 30,540 in
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2014.9,10 Within the same time period, high-dose opioid dispensing (defined as a daily dose >200
MME) also increased from 781 units per 1000 population in 2006 to 961 units per 1000
population in 2011.4 The dispensing rate for high-dose formulations of morphine,
hydromorphone, oxycodone and fentanyl increased by 23%.11 The proportion of all opioid
prescriptions that were for high-strength opioids (i.e. oxycodone, hydromorphone, morphine,
fentanyl) rose from 52.2% in 2012 to 57.3% in 2016. Although not a major increase, this may be
of concern given the increased risk for substance use disorders associated with the use of high
strength opioids.12
Findings from a 2015 Health Canada survey suggest that 13% (or 3.8 million) of
Canadians aged 15 or older had taken an opioid within the previous year.13 Seniors aged 65 and
older were prescribed opioids most often, with more than 200 per 1,000 population receiving a
prescription for an opioid. Youth aged 15 to 24 were prescribed opioids less frequently (88
persons per 1,000 population).14 Certain populations in Canada have been identified as being
more vulnerable to prescription drug use, misuse and related harms than the general population.15

2.1.3 Provincial prescribing
As the highest dispensing province in Canada, approximately 1 in 7 or 1.6 million
Ontarians filled at least one opioid prescription in 2016.14,16 Health Quality Ontario reported an
estimated 44,000 health care professionals in Ontario prescribed opioids in 2016.16 Amongst the
highest prescribers are family doctors (6,882,720 prescriptions filled), surgeons (492,729
prescriptions filled) and dentists (298,722 prescriptions filled); together making up 86% of all
new start opioid prescriptions in 2016.16 It should be noted that high-dose opioid prescribing in
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Ontario has declined by an estimated 30% between 2013 and 2018; from 111,639 to 77,534
individuals dispensed an opioid >50 MME.17
In a population-based study examining the impact of the publication of 2010 Canadian
Guideline for Safe and Effective Use of Opioids for Chronic Non-Cancer Pain and
implementation of Ontario’s Narcotics Safety and Awareness Act on prevalence of high-dose
opioid prescribing and rates of hospitalization for opioid toxicity in Ontario, it was found that the
Canadian Guideline may have led to a decline in opioid prescribing rates among Ontario Drug
Benefit beneficiaries, however neither of these interventions significantly changed rates of
opioid-related hospitalizations.18 This finding suggests improved drug policies and strategies for
safe opioid prescribing are required to reduce opioid-related outcomes given the high rate of
prescribing in the province. However, simply changing prescribing practices may not have a
positive effect on outcomes given the presence of highly potent, unregulated opioids. Therefore,
comprehensive public health approved prevention, treatment and harm reduction strategies that
target non-medical opioid use, are also necessary.

2.2 History of Opioids
The usefulness of opium in medicine and its addictive potential have been long
recognized.19 Opium is a naturally occurring complex mixture of alkaloids and other chemicals
derived from the plant “papaver somniferum”, commonly known as the opium poppy.19 The
opium poppy was mentioned by Homer in the Iliad and the Odyssey and described as a drug
which Helen adds to Telemachus’ drink to “help him forget his grief”. In 3400 BC, the opium
poppy was cultivated in Mesopotamia and the art of “poppy-culling” was passed on from the
Sumerians, through Assyrians to Babylonians and the Egyptians.20,21 In 1300 BC, the opium
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trade flourished in Thebes under pharaohs such as Tutankhamen, and trade routes moved across
the Mediterranean to Greece, Carthage and Europe. Statues, jewelry and vases containing poppy
motifs have been discovered throughout Greece from this era. In 800 BC, Hesiod described a
city named Mekone or “poppy-town”. In 460 BC, Hippocrates dismissed opium’s supposed
magical attributes and believed it should be prescribed to some patients only with great caution,
acknowledging “its usefulness as a narcotic and styptic in treating internal diseases, diseases of
women and epidemics”.19 Around 400 BC, Diagoras of Melos concluded that it was better to
suffer from pain than to develop an addiction to opium. In 330 BC, opium emigrated as
Alexander the Great introduced opium to Persia and India. In 440 AD, opium moved from the
Elysian fields to the Egyptian fields of Thebes, where Opium Thebaicum was first introduced to
China by trade.
The movement and evolution of opium continued into the modern era.22,23 In 1500, the
Portuguese traded along the East China Sea and initiated the smoking of opium, a practice the
Chinese considered barbaric. In the 1600s, residents in Persia and India began to eat and drink
opium mixtures recreationally. Portuguese merchants carrying cargoes of Indian opium through
Macao directed its trade flow into China. In 1606, ships were chartered by Elizabeth I to procure
and transport opium to England. In the subsequent 335 years, the following notable events
occurred:20–30
Timeline of Notable Events in Opioid Use
1680: English apothecary, Thomas Sydenham introduced Sydenham’s Laudanum, a compound
of opium, sherry wine and herbs.
1729: In China, Emperor Yung Cheng issued an edict prohibiting the smoking of opium and its
domestic sale except under license as medicine.
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1750: The British East India Trading Company began importing opium chests to China.
1753: Linnaeus, the father of Botany, first classified the poppy, Papaver Somniferum, as “sleepinducing”.
1803: German chemist, Frederich Sertürner isolated morphine from opium, calling it morphium
after the Greek God of Dreams. He subsequently became addicted to the drug.
1839: The British sent warships to the coast of China triggering the first Opium War.
1840: New Englanders brought 24,000 pounds of opium into the United States.
1841: China was defeated by Great Britain in the first Opium War.
1856: The British and French renewed hostilities against China in the second Opium War.
Opium importation in China was subsequently legalized, and opium production increased along
the highlands of Southeast Asia.
1874: C.R. Alder Wright chemically modified morphine to produce diacetylmorphine (heroin).
1905: US congress banned opium as heroin addiction hit alarming levels. Opium was now a
major public health concern.
1910: Sir William Osler hailed morphine as “gods own medicine” for its reliability, long-lasting
effects and safety.
1915: Charles Towns claimed that approximately 15% of American physicians were addicted to
opium.
1971: President Nixon declared the “war on drugs”, due to the high number of heroin addicts.
1986: Russell Portenoy, a pain specialist, published a paper in Pain suggesting opioid painkillers
carried a low risk of addition.
1995: The American Pain Society launched their “Pain as a Fifth Vital Sign” campaign.
1997-2002: Oxycontin prescriptions increased from 670,000 to 6.2 million in the United States.
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2004: The annual incidence of opioid-related deaths in Canada was 27.2 per million, falling
between the incidence of death from HIV infection (12 per million) and sepsis (40 per million).
2006: Oxycodone accounted for 2.3 million (32%) of the 7.2 million prescriptions for opioids
dispensed in Ontario, Canada; an 850% increase since 1991.
2010: Rapid increase in number of heroin overdoses across Canada and the United States.
2013: Rapid increase in number of opioid-related deaths with fentanyl and fentanyl analogues
present on toxicology reports in Canada and the United States.
2014: Retail pharmacies dispensed 245 million prescriptions for opioids in the United States; 2.5
million adults were addicted to the drug. In Canada, 21.7 million prescription opioids were
dispensed.
2015: An estimated 19,000 people died from prescription opioids in the United States; more
young people died from opioid overdose than from motor vehicle accidents.
2018: Opioid-related deaths in Canada reached a historic high of 4,460 deaths.

Beginning in the 1990’s, there was increased focus on improving patient pain scores and
a growing array of pharmaceutical opioids being marketed.31 This was accompanied by
pharmaceutical companies pushing for opioids as a humane treatment option, with the use of
paid physician consultants to expound on the safety and benefits of opioid use. Trainees in
medicine were taught to rely heavily on opioids for pain management and clinicians were reassured that addiction was rare when opioids were prescribed for pain. At the same time,
pharmaceutical companies developed new formulations of opioids, for example extended release
OxyContin, thought to lower the risk of misuse, while in reality were heavily misused.31 From
1997 to 2002, OxyContin prescriptions increased from 670,000 to 6.2 million, in the United
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States. This marked the beginning of a new standard practice, embracing widespread use of
opioids for pain; clinicians were prescribing opioids for a growing list of pain indications, to a
wider spectrum of patients and for durations and dosages not previously used.31 These changes in
practice occurred without high-quality evidence to support them.31

2.3 Non-Cancer Pain
It is estimated that over 30% of Americans have some form of acute or chronic noncancer pain; 20% of which receive an opioid prescription.32 The International Association of the
Study of Pain defines pain as “an unpleasant sensory and emotional experience arising from
actual or potential tissue damage or described in terms of such damage”.33 The experience of
pain exists on a spectrum from manageable without any intervention to severely disabling.31 Pain
can be acute and self-limited or chronic and incurable. Unfortunately, there is no biomarker for
pain; objective findings may confirm the type and severity of pain when they are present
however, they are often absent.31 This means the interpretation of pain often relies on
communication between the patient and physician.
Several factors may influence the experience of pain, making pain management complex
and challenging. These factors include: the type of tissue damage, the extent of tissue damage,
the nervous system and opioid receptor system of the patient, and the psycho-social context in
which the pain is experienced.31 Due to the wide scope of factors that may be involved, not all
pain should be treated in the same way. It is important that treatment plans be tailored on a caseby-case basis and focus on long-term health rather than a short-term resolution.31
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2.3.1 Acute pain
Acute pain is defined as recent in onset and a self-limiting process that generally lasts
from hours to days and up to a month after the precipitating event.31 It is typically a normal and
predicted physiologic response to surgery, acute illness, trauma or other injury that results from
activation of the pain receptors (nociceptors) at the site of tissue damage. Its biologic utility helps
prevent further injury. Some examples of injuries that may produce acute pain include thermal or
chemical burns, bone fractures, ischemic tissue damage and inflammatory conditions such as
pancreatitis.31 The duration of acute pain is associated with the time it normally takes for healing
to occur. It is recommended that acute pain be treated using a multimodal approach (i.e. nonsteroidal anti-inflammatory drugs (NSAIDs), physical therapy, exercise).34
2.3.2 Chronic pain
Chronic pain is one of the most common reasons adults seek medical care worldwide,
including in Canada.31,35 In general, chronic non-cancer pain (CNCP) is defined as any painful
condition that persists for three months or longer and is not associated with malignancy and often
involves prescription opioid treatment.4 Chronic pain is the most common cause of long-term
disability in Canada and the United States.36 According to seven national surveys conducted
between 1994 and 2008, approximately 15-19% of Canadian adults experience CNCP.37 The
prevalence of chronic pain increases with age and is significantly higher among women,
previously but not currently employed individuals, rural residents, individuals with low SES and
lower education levels.37–39 CNCP interferes with activities of daily living and has a negative
impact on quality of life, emotional and physical well-being.40–42 Chronic pain is associated with
mood disorders, sleep disturbances and impaired social interactions.31 Common examples of
CNCP include musculoskeletal low back pain, fibromyalgia and joint pain/arthritis.31 In Canada,
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the estimated cost associated with managing CNCP is greater than cancer, heart disease and HIV
combined, totalling approximately $56 to $60 billion per year.43,44
Unlike acute pain, chronic pain has no biologic utility, thus offering little or no protection
from further injury.31 Chronic pain is characterized as persistent with underlying discomfort and
acute “flare-ups”.45 Often, chronic pain begins with initial peripheral pain generation followed by
central neuroplastic changes in the brain and spinal cord.31 For this reason, interventions that act
primarily on nociceptors, such as local anesthetic, are unlikely to be successful in the
management of chronic pain. The effectiveness of opioid treatment alone to improve CNCP
remains controversial.31,46 Rather, multimodal and rehabilitative treatments, with the goal of
improving function rather than interrupting a painful stimulus are recommended and referral to a
pain specialist may be considered.31

2.4 Benefits of Prescription Opioids for Non-Cancer Pain Management
Short-term use for pain relief is generally safe when prescribed and taken appropriately.
Opioids are commonly prescribed as an effective method to relieve pain following injury,
surgery or infection and pain caused by health conditions like cancer. Opioids are also widely
used to manage CNCP, which often requires long-term use. In terms of the effectiveness of longterm opioid use, little research has supported the benefits of this practice. A recent meta-analysis
of 15 randomized clinical trials by Meske et al. (2018) evaluated the efficacy of opioids versus
placebo in chronic pain.47 The authors found that long-term opioid use for CNCP was associated
with ≥30% and ≥50% improvement in pain scores (risk difference: 0.166 and 0.137), compared
to placebo. Although there are benefits to prescription opioid use in specific clinical situations
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for particular types of pain, prescription opioid use is not without serious risks, including
overdose and opioid use disorder.

2.5 Long-Term Opioid Use
The association between initiating prescription opioids for non-cancer pain among opioid
naïve individuals and long-term opioid use are well known.48 Bartels et al. (2018) conducted a
retrospective cohort study among 6003 patients to examine long-term opioid use following
inpatient surgery.49 Using a binomial regression model, long-term opioid use was significantly
associated with prior opioid use (RR 2.19, 95% CI: 2.06, 2.33), age ≥ 26 to < 65 compared to ≥
65 (RR 1.24, 95% CI: 1.17, 1.32), orthopedic surgery (RR 1.16, 95% CI: 1.06, 1.28), colorectal
surgery (RR 1.29, 95% CI: 1.09, 1.53), multiple procedures (RR 1.23, 95% CI: 1.13, 1.34) and
worse physical status classification (RR 1.05, 95% CI: 1.02, 1.08). It should be noted that 7176% or patients filling opioid prescriptions 2 to 6 months following surgery had also filled
before surgery.
Brummett et al. (2017) examined the incidence of new persistent opioid use following
minor and major surgical procedures among a cohort of 36,177 patients.50 The rates of persistent
opioid use were not significantly different between the two groups ranging from 5.9% to 6.5%;
by comparison, the incidence in the nonoperative control cohort was only 0.4%. Risk factors
associated with persistent prescription opioid use following a surgical procedure included:
preoperative tobacco use (OR 1.34, 95% CI: 1.21, 1.49); alcohol and substance use disorders
(OR 1.34, 95% CI: 1.05, 1.72); mood disorders (OR 1.15, 95% CI: 1.01, 1.30; anxiety (OR 1.25,
95% CI, 1.10, 1.42); and preoperative pain disorders (back pain: OR 1.57, 95% CI: 1.42, 1.75;
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neck pain: OR 1.22, 95% CI: 1.07, 1.39; arthritis: OR 1.56, 95% CI: 1.40, 1.73; and centralized
pain: OR 1.39, 95% CI: 1.26, 1.54).
Alam et al. (2012) conducted a retrospective cohort study examining 391,139 opioid
naïve patients undergoing short-stay low-risk surgery among individuals aged 66 and older in
Ontario, Canada.51 Patients receiving an opioid prescription within 7 days of surgery were 44%
more likely to become long-term users within 1 year compared to those who received no such
prescription (OR 1.44, 95% CI: 1.39, 1.50).

2.6 Misuse and Diversion of Prescription Opioids
There is potential for prescription opioids to be misused or diverted, particularly when a
patient is provided a prescription for a longer duration than is required, or the patient has a
history of substance use disorder.46 In this context, misuse is defined as non-medical prescription
opioid use (NMPOU).52 The Canadian Alcohol and Drug Use Monitoring Survey measurement
of NMPOU is defined as “to get high”, and also includes if prescription opioids were used to feel
better, study, stay alert, decrease appetite, cope with stress, problems or any other reason.53
Under this definition, NMPOU was reported by 0.9% of the general population of Canadian
adults. In Ontario, the rate of NMPOU use among adults has declined from 7.7% in 2010 to
2.8% in 2013.54 Many of the adverse effects of opioid use discussed later, can be attributed to
non-medical use and diversion of prescription opioids.55,56
A self-report survey exploring behaviors related to NMPOU and diversion in individuals
who reported past NMPOU in Toronto Ontario found that most participants reported taking their
first non-medically prescribed opioid between 12 and 24 years old.57 The most commonly cited
reasons for NMPOU were to treat pain or to feel high/stoned. Most commonly, prescription
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opioids for non-medical use are obtained from family/friends, double-doctoring or street drug
markets.58 Additionally, losses and theft/robberies from pharmacies and licensed medications
dealers have been cited as common sources.59 Based on federal government data, 215,000 doses
of codeine, 61,362 doses of morphine and 296,251 doses of oxycodone went missing from
Canadian pharmacies in 2010, and 168,240 doses of oxycodone were stolen from “licensed
dealers”.58 Co-morbidities such as pain, mental health diagnoses and polysubstance use among
people who report NMPOU appear to be high.58

2.7 Adverse Effects of Prescription Opioid Use
The use of prescription opioids for non-cancer pain may be accompanied by significant
risks. It has been well documented that opioid use and OUD are associated with high rates of
morbidity, mortality and other adverse consequences that affect quality of life.60–64 Risks for
serious harms related to opioid therapy increase in a dose-response manner.65 Opioid use can
cause an increased risk for sleep apnea, mood changes, decreased sex hormone levels resulting in
decreased interest in sex, menstrual irregularities, physical dependence and addiction.6 In
sufficiently high doses, opioids can cause drowsiness, respiratory depression, coma and death.
Other physical effects may include pinpoint pupils, nausea, vomiting, constipation, loss of
appetite and sweating.6 Chronic use of prescription opioids can lead to physical dependence,
addiction or overdose, particularly when the medication is used frequently or in high doses.6,14,66
Physical dependence can manifest as tolerance, and once developed, individuals may experience
signs and symptoms of withdrawal when the dose is lowered or prescription is discontinued.
Brat et al. (2018) quantified the effects of varying opioid prescribing patterns following
surgery on misuse in a cohort of 568,612 opioid naïve individuals.67 Opioid misuse was
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identified using diagnostic codes for opioid dependence, abuse or overdose. The rate of misuse
was more than doubled among those with one refill (15.2%) compared to those with no refills
(76.2%). Each additional refill increased the hazard of misuse by 44.0% (95% CI: 40.8% to
47.2%), and each additional week of opioid use was associated with a 19.9% increase in hazard
(95% CI: 18.5% to 21.4%).
In a study of 14 Cochrane Reviews, medium- and long-term effects (defined as 2 weeks
or more) of opioids for CNCP treatment were found to have an increased risk for any adverse
event when patients were prescribed opioids compared to placebo and non-opioid
pharmacological comparator (RR 1.42, 95% CI: 1.22, 1.66).68 The authors also found that risk
ratios were significantly higher for opioids compared to placebo for constipation, dizziness,
drowsiness, fatigue, hot flushes, increased sweating, nausea, pruritus and vomiting.
Banerjee et al. (2016) conducted a prospective cohort study examining NMPOU among
United States veterans.69 The authors found a positive association between new-onset NMPOU
and heroin initiation (HR 5.43, 95% CI: 4.01, 7.35). This finding suggests that exposure to
prescription opioids is an important factor for individuals to begin to use illicit drugs.
2.7.1 Opioid-related addiction
The 2017 Guideline for chronic non-cancer pain reports that any prescription opioid is
associated with a 5.5% risk of addiction.4 Martell et al. (2007) conducted a systematic review on
opioid treatment for chronic back pain.70 The authors found that aberrant medication-taking
behaviors ranged from 5 to 24%. Fishbain et al. (2008) conducted a review of 24 studies with
sample sizes ranging from 5 to 532 and found an overall estimate of OUD rate following
exposure to opioids for CNCP of 3.3% in patients with at least 1 month of opioid therapy.71
Boscarino et al. (2015) conducted structured diagnostic interviews among 705 randomly selected
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patients who were treated at one of nine primary care clinics or three specialty care clinics.72
Using the Fifth Edition of the Diagnostic and Statistical Manual of Mental Health Disorders
(DSM-5) severity classification for OUD, the lifetime prevalence of OUD in this study was
58.7% for no/low OUD (<2 symptoms), 28.1% for mild OUD (2-3 symptoms), 9.7% for
moderate OUD (4-5 symptoms) and 3.5% for severe OUD (≥6 symptoms). DSM-5 symptoms
included health, family, functional or legal problems, the occurrence of opioid dependence
symptoms, one opioid craving symptom and three prescription opioid abuse symptoms.
Limitations of these studies include the quality of evidence, ability to distinguish addiction from
pseudo addiction and inconsistent definitions of outcome variables which limit their level of
generalizability.19
There have also been several published studies that suggest risk of OUD is low following
initiation of prescription opioids for chronic pain. Medina et al. (1977) conducted a crosssectional study on 2,369 patients with chronic headaches and identified 62 patients taking
potentially addictive medications (opioids or barbiturate-analgesic combinations) for 4 or more
days per week for at least 6 months.73 In the sample, 23 patients took opioids alone, 3 of which
were deemed “abusers”. Porter et al. (1980) examined medical records of 39,946 hospitalized
patients, out of which 11,882 (28%) received at least one prescription for an opioid.74 Among
those with no history of addiction, researchers identified addiction in four patients with one of
the four having “major” addiction. Portenoy et al. (1986) conducted a retrospective study of 38
patients who received specialized care at a pain clinic most commonly for back pain (n=14) or
chronic facial, abdominal, extremity or pelvic pain (n=9).75 Of the patients in the study, 19 (50%)
were treated with opioids for 4 or more years and 6 (16%) were treated for 7 years. The majority
of study patients experienced adequate or partial analgesia and only two patients (both with a
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history of substance abuse) displayed aberrant behaviors. Tennant et al. (1988) conducted a pilot
study that involved 52 patients with the majority having severe pain from arthritis or following
trauma or surgery.76 Doses of opioids administered to patients varied and were used in
combination with adjuvant treatments, resulting in adequate pain control for most patients. The
authors indicated that dependence was established in all patients. Limitations of these studies are
discussed in detail in Chapter 4, Section 4.2.
2.7.2 Opioid-related overdose
Several studies have predicted the risk of an opioid-related overdose, following
prescription opioid therapy. Glanz et al. (2018) developed a prediction model for two-year risk of
opioid overdose among patients prescribed chronic opioid therapy.77 The authors found an
incidence rate of 167.4 overdoses per 100,000 person-years; patients taking long-acting
formulations had significantly higher risk than patients on short-acting opioids.
Boscarino et al. (2016) examined risk factors of opioid overdose in a 10-year
retrospective cohort study design.78 2,039 patients were identified, patients with an overdose had
a mean age of 52 years, were not married (64%) and were unemployed (78%). Common
comorbid conditions among patients with an overdose included: cardiovascular disease (22%);
diabetes (14%); cancer (13%) and; the presence of one or more mental health disorders (35%).
Hasegawa et al. (2014) conducted a retrospective cohort study of adults with at least one
emergency department (ED) visit for opioid overdose between 2010 and 2011.79 They identified
19,831 patients and found that middle age, male sex, public insurance, lower household income,
and comorbidities (chronic pulmonary disease and neurological diseases) were associated with 2
or more ED visits for opioid overdose (p<.01). Those with 2 or more ED visits for opioid
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overdose had a higher likelihood of being hospitalized due to opioid overdose (OR 3.98, 95% CI:
3.38, 4.69).
In a study by Dunn et al. (2010), 51 opioid-related overdoses were identified using
diagnostic codes from inpatient and outpatient care in a sample of 9940 patients who received 3
or more opioid prescriptions within a period of 90 days.80 They found that compared to patients
who received 1 to 20 MME, patients that received 50 to 99 MME were at 3.7 times the risk of
overdose (95% CI: 1.5, 9.5). Patients that received ≥100 MME had 8.9 times the risk of overdose
(95% CI: 4.0, 19.7). A limitation of this study is the small number of overdoses.
2.7.3 Opioid-related mortality
Use of prescription opioids to treat non-cancer pain has been associated with a risk of
opioid-related mortality in Ontario. Among Ontarians who received publicly-funded opioid
prescriptions for CNCP for at least 3 months, 1 in 550 patients died of opioid-related causes.81
For those receiving high-dose treatment of ≥200 MME per day, the proportion was as high as 1
in 32. Of those patients who died of opioid-related causes, the median time to mortality was 2.6
years from their first opioid prescription (IQR 1.1 to 5.2 years).81
According to the newly released Opioid Mortality Surveillance Report (2019), there were
1209 accidental opioid related deaths in Ontario between July 2017 and June 2018.82 Of those
deaths, pharmaceutical opioids alone (including both those prescribed to the deceased person and
diverted) contributed to 25.9% of deaths. The authors also found fentanyl and fentanyl analogues
(pharmaceutical and non-pharmaceutical) directly contributed to nearly three-quarters (71.2%) of
accidental opioid-related deaths.
Evidence suggests concomitant use of opioids with gabapentinoids, benzodiazepines or
pregabalin can increase the risk of fatal opioid-related overdose. In a population-based nested
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case-control study among residents of Ontario, Gomes et al. (2017) examined risk of opioid
related mortality with concurrent use of gabapentin and opioids.83 The authors found
concomitant gabapentin and opioid use was associated with a 49% increase in risk of opioidrelated mortality compared to no use (OR 1.49, 95% CI: 1.18, 1.88). In a subsequent study,
Gomes et al. (2018) examined the risk for opioid-related death among persons co-prescribed
pregabalin and opioids finding similar results to risk of opioid-related mortality with use of
gabapentin and opioids.84 Pregabalin use overlapping the index date was associated with
increased risk for opioid-related mortality (OR 1.81, 95% CI: 1.26, 2.60). Hernandez et al.
(2018) conducted a retrospective cohort study to evaluate the exposure-response association
between the days with concurrent prescription opioid and benzodiazepine use and the risk of
overdose.85 The hazard for overdose was 5.05 (95% CI: 3.68, 6.93) during the first 90 days of
concurrent opioid and benzodiazepine use and 1.97 (95% CI: 1.25, 2.80) for days 91 to 180,
compared with opioid use alone.

2.8 Opioid Use Disorder
OUD is characterised by the persistent use of opioids despite adverse consequences of its
use. The Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition (DSM-5) defines
OUD as a problematic pattern of opioid use leading to clinically significant impairment or
distress as manifested by at least two of the nine criteria listed in the DSM-5, within a twelvemonth period.86 OUD is often a chronic, relapsing disease associated with the increase in opioidrelated morbidity and mortality in Canada.87 Opioid-related addiction is the most studied drug
use disorder, unfortunately the majority of long-term cohort studies on opioid addiction are
conducted among people who use heroin.88
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2.8.1 Pharmacology
In the past, prescription opioids have been falsely promoted as low-risk, non-addictive
and effective treatments for moderate pain, however the addictive properties and effects of
prescription opioids are now better understood.6 Opioids are psychoactive substances that
influence perception of pain and can induce euphoria by activating the mesolimbic reward
system.14,6,1,89 This occurs as opioids attach to mu opioid receptors, and receptor activation
generates signals in the ventral tegmental area that result in a release of dopamine to the nucleus
accumbens. This causes activation of basic drive states, the same biochemical brain process that
reinforces pleasure when individuals engage in activities that promote basic life function such as
sex and eating.1,90 When opioids activate these instinctive processes in the absence of significant
pain, they can motivate repeated use of the drug to satisfy basic drive states. This may ultimately
result in tolerance, dependence and addiction involving behaviors that reflect a loss of control
over use and associated harms.1,6 The pharmacological pathway of opioids is displayed in Figure
1.

Figure 1. Pharmacological pathway of opioids.

23

2.8.2 Epidemiology
OUD currently affects 15.5 million people worldwide.91 Using data from the Global
Burden of Disease (GBD) study, the age-standardized opioid-related disability-adjusted life year
(DALY) rate in Canada was 355.5 per 100,000 population in 2014, higher than the global rate of
193.2.92 In other words, opioids were associated with the loss of 355.5 healthy years of life for
every 100,000 individuals in the population in Canada. The age-standardized years of potential
life lost (YLL) rate due to OUD rate in Canada increased by 142.2%, while the global rate
decreased by 10.1% between 1990 and 2014. Health loss was greater for males than females, and
highest among those aged 25 to 29 years.92
Age-standardized opioid-related mortality rates in Canada increased considerably among
males between 1990 and 2014, from 1.3 per 100,000 (95% Uncertainty Interval (UI): 1.0, 1.7) to
3.1 per 100,000 population (UI: 2.3, 4.1), respectively. Rates among females rose from 0.5 per
100,000 (95% UI: 0.4, 0.7) in 1990 to 1.3 per 100,000 (UI: 1.0, 1.8) in 2014.92 The crude opioidrelated mortality count increased from 201.1 per 100,000 (95% UI: 157.0, 271.9) in 1990 to
606.6 per 100,000 (UI: 454.3, 805.6) in 2014 among males, and from 76.7 per 100,000 (UI: 59.9,
105.6) in 1990 to 279.2 per 100,000 (UI: 210.9, 361.7) in 2014 among females. The agestandardized YLL rate for Canadians was 103.1 per 100,000 (95% UI: 83.5, 129.9). This rate
was higher among males (146.3, 95% UI: 109.6, 195.9) than among females (59.8, 95% UI:
45.1, 79.4).92
In Ontario, the rate of opioid-related deaths nearly tripled between 2000 and 2015, from
19.3 to 53.1 deaths per million population.93 The highest absolute increase in opioid-attributable
morality was found in those aged 25 to 34 years, increasing from 4.6% in 2000 to 15.7% in 2015.
In Ontario, the YLL due to opioid-related deaths in 2015 reached 29,410, or 2.1 YLL per 1000
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population.93 Again, the rate was highest in those aged 25 to 34 years with 8375 YLL (4.5
YLL/1000 population) and lowest among those aged 65 and older with 555 YLL (0.3 YLL/1000
population). Unlike the GBD study, these rates were not age-standardized.
2.8.3 Risk Factors
There are several factors that may increase risk of OUD following exposure to opioids
among opioid-naïve individuals. The following risk factors are modelled after the epidemiologic
triangle which describes agent, host and environmental risk factors for OUD (Figure 2).
Agent. There is evidence suggesting that merely providing an individual with an opioid
prescription will triple their risk of developing an addiction.94 A study examining days’ supply
and average daily dose and their association with diagnosis of OUD found that when placed on
chronic low-dose opioid therapy, a patients’ risk for developing an OUD was 15 times greater,
and when placed on high-dose chronic opioid therapy, their risk of OUD was 122 times greater
than those not on opioid therapy.94 Duration of opioid therapy was found to be more important
than average daily dose in determining risk of OUD.94,95 Other agent risk factors include the
product and formulation type and the route of administration (injection, oral, transdermal or
nasal).
Host. Some individuals may be more vulnerable to the development of an OUD than
others. Host risk factors include age, sex, low socio-economic status, comorbid medical and
psychiatric disorders and genetic disposition.66,96 Individuals who received an OUD diagnosis
within 2 years of filling a prescription, compared to those who did not receive such a diagnosis,
were more likely to be male, younger (mean age 37.9), have a prescription history of more
opioids and more days’ supply of opioids, have prescriptions filled at more pharmacies, have
greater rates of psychiatric disorder, use more medical and psychiatric services and be prescribed
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more concomitant medications.95,97 It has also been hypothesized that genes play a role in
determining risk of and OUD.1 Although difficult to assess in clinical situations, there is interest
in assessing genetic polymorphisms which have been associated with vulnerability to opioid
dependence.98
Environment. Environmental factors also play a role in the risk of OUD. According to
Wright et al. (2014), the strongest environmental risk factor for the development of an OUD is
the prescribing of opioids by a physician.97 The availability of opioids and seeking medical care
are among the most common reasons that individuals become addiction to prescription opioids.1
Studies suggest that access to health care in general, including dentists and pharmacists,
increases the availability of prescription opioids which is associated with higher rates of OUD.97
If a drug is highly available and addictive, subsequent addiction is more likely to occur.1
Additionally, the availability of alternative pain treatment options, housing instability and an
adverse social environment in childhood and adolescence may affect the risk of OUD.66,96

Figure 2. Risk factors for opioid use disorder.
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2.8.4 Prevention
There are several strategies that are proven to help prevent OUD and other opioid-related
adverse events. Prior to opioid initiation, a prescribing physician can reduce risk of OUD by
identifying individuals at risk of OUD using validated instruments such as the Generalized
Anxiety Disorder and the Patient Health Questionnaire (PHQ)-9 or the PHQ-4 to assess for
anxiety, post-traumatic stress disorder or depression.65 Screening tools such as the Drug Abuse
Screening Test and the Alcohol Use Disorders Identification Test can be used to screen for
substance use disorders. For patients that require opioid therapy but are at-risk of opioid-related
harms, naloxone may be offered.
When initiating opioids for acute pain, a duration 3 to 7 days is recommended.65 For
chronic pain patients, no greater than >50 MME is recommended at initiation and increasing
dosage to ≥90 MME should be avoided.65 The Opioid Manager tool developed by the Center for
Effective Practice can support healthcare providers to prescribe and manage opioids for patients
with CNCP.99 Following initiation of prescription opioid therapy for CNCP, it is recommended
that the prescribing physician conducts regular follow-ups every 3 months or less to assess for
signs and symptoms of possible OUD.65 Effective withdrawal management can help reduce the
intensity of possible withdrawal symptoms. Most commonly, prescription opioid tapers last 30,
45- or 60-days decreasing opioids by 10% increments throughout.31
Other prevention strategies that have been implemented include prescription drug
monitoring programs, the development of abuse-deterrent formulations (ADFs) of existing
opioids, increased access to naloxone and safe injection sites. However, ADFs have not been
proven to reduce the harmful effects of opioid abuse, such as unintentional overdose.65 It has
been reported that “ADFs represent a ‘gimmick’ of primary benefit to the pharmaceutical
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industry and that undue focus on them may undermine more meaningful policy measures”.100,101
Universal strategies that may address early risk factors could involve implementation of
evidence-based interventions to prevent substance use disorders in family, school and/or
community settings.66 These may include interventions to improve academic performance,
increase commitment to school or address family conflict, among others. The initiation of
prevention strategies in childhood and adolescence may decrease the risk of later drug use,
including the non-medical use of prescription opioids.102,103
2.8.5 Treatment
Although OUD follows a chronic course, it is treatable.31 Individuals with an OUD who
do not use opioids for an extended period of time will experience symptoms of withdrawal,
which could include nausea, muscle cramping, depression, agitation, anxiety and opiate cravings,
among others.66 In order to improve symptoms of withdrawal and reduce cravings, individuals
with a moderate to severe OUD may be offered opioid agonist therapy (OAT), such as
buprenorphine/naloxone (bup/nx) or methadone. Both bup/nx and methadone have a wellestablished record of reducing the risk of mortality, however bup/nx is the recommended firstline treatment.31,104 Methadone maintenance therapy (MMT) is more effective than bup/nx in
terms of therapy retention, but also suggested to increase risk of adverse outcomes.105 Studies
suggest that behavioral therapy in combination with OAT can reduce opioid misuse and increase
therapy retention and compliance.106,107 OAT has other benefits and has been associated with
reductions in risky behavior, criminal activity and mortality108,109, and an improvement in health
and social function.110 The number of people accessing OAT in Ontario has more than doubled
in the past decade and is likely to continue to expand.17,111,112
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Other possible treatments for OUD in Canada include naltrexone, an antagonist
commonly used to treat alcohol use disorder. Health Canada has also recently approved the use
of injectable hydromorphone and diacetylmorphine (prescription heroin) to treat severe OUDs in
adults.113 Diacetylmorphine has been successful in helping to stabilize and support some patients
with OUD and may be a safer alternative than methadone.114 Although these new OATs have
been approved, they are not easily accessible.

2.9 Summary
Canada has the second highest rate of opioid prescribing in the world with Ontario as the
highest prescribing province in Canada. The use of opioids for pain management have a long
history and knowledge regarding the addictive properties of these drugs date back to at least
3400 BC. Although opioids are effective in treating cancer and non-cancer pain when prescribed
and taken appropriately, their use has been associated with a multitude of harms, including OUD.
Many studies examining the risk of opioid-related addiction to date have a number of limitations
that affect their ability to generalize to other populations including small sample sizes, data
quality, inconsistent, broad or outdated definitions of addiction and insufficient descriptions of
study methods. There have been no population-based studies in Canada that examine the effect
of average daily dose prescribed at initiation on the development of OUD. As such, the purpose
of this thesis is to assess how average daily dose at initiation among previously opioid-naïve
individuals affects the risk of being treated for OUD at a population level in Ontario, Canada.
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Chapter 3
Initiation of prescription opioids for non-cancer pain and risk of treated opioid use
disorder: a population-based study
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3.1 Abstract
Importance: When measured in milligrams of morphine equivalents (MME) dispensed, Canada
has the second highest rate of opioid prescribing in the world. Prescription opioid treatment has
been associated with adverse health outcomes, including opioid use disorder (OUD). This study
helps to understand how patterns of initial prescription opioid use affect the risk of being treated
for OUD.
Objectives: To examine population-level patterns of opioid prescribing among previously opioid
naïve individuals who initiated prescription opioid treatment for non-cancer pain, how these
patterns differ by demographic, clinical and opioid prescription characteristics, and to determine
whether a dose-response relationship exists between average daily dose (in MME) at initiation
and time to treated OUD.
Study Design and Participants: A population-based cohort study among opioid naïve
individuals aged 15 and over who were dispensed opioids for non-cancer pain between 2013 and
2016 in Ontario, Canada. We performed Kaplan-Meier survival and multivariable Cox
regression to examine factors associated with risk of treated OUD.
Exposures: The primary exposure was average daily dose (MME) at initiation of opioid therapy
for non-cancer pain. Secondary exposures included opioid formulation type and total days’
supply.
Main Outcomes and Measures: The outcome of interest was treated OUD. The outcome
variable in this study was time to treated OUD, measured as the time from initiation of opioid
therapy until the dispensing of methadone or buprenorphine/naloxone. Individuals were followed
for a maximum of 57 months (up to March 31, 2018).
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Results: 1,607,659 opioid-naïve individuals initiated a prescription opioid within the study
period. The median age of patients at initiation was 47 years (IQR 30-61), 52% were female and
88% lived in an urban community setting. The incidence rate of treated OUD within the study
period was 86 cases per 100,000 person-years. Compared to an average daily dose of <20 MME
at initiation, higher average daily doses were associated with greater hazard of treated OUD, 2050 MME (HR 1.11, 95% CI: 1.02, 1.21), >50-90 MME (HR 1.29, 95% CI: 1.16, 1.44), >90-150
MME (HR 1.29, 95% CI: 1.06, 1.56), >150-200 MME (HR 2.49, 95% CI: 1.54, 4.03) and >200
MME (HR 4.15, 95% CI: 2.89, 5.97). Also associated with greater hazard of treated OUD were
long-acting formulations (HR 2.93, 95% CI: 2.33, 3.69) and total days’ supply of 11-29 days
(HR 1.55, 95% CI: 1.33, 1.80) and 30+ days (HR 2.19, 95% CI: 1.82, 2.63), compared to 1-2
days at initiation.
Conclusion and Relevance: The results of this study suggest a dose-response relationship
between higher average opioid daily dose at initiation and time to treated OUD. Opioid
formulation and prescription duration also affect the risk of treated OUD. Our results highlight
the importance of adhering to clinical practice guidelines when weighing the risks and benefits of
initiating prescription opioid therapy for non-cancer pain, taking into consideration daily dose,
formulation type and prescription duration.

45

3.2 Introduction
3.2.1 Background
When measured in milligrams of morphine equivalents (MME) dispensed, Canada and
the United States have the highest per capita rate of opioid consumption in the world.1 In 2017,
an estimated 21.3 million prescription opioids were dispensed in Canada.2 The number of
apparent opioid-related deaths in Canada have reached 4,460 in 2018; opioid-related deaths in
Ontario have risen from 127 in 1991 to 1471 in 2018.3–6 Although most opioid-related deaths are
attributed to illicit opioids, the proportion of individuals in Ontario with an active opioid
prescription at time of opioid-related death was 25.9% in 2019.7 It is noteworthy to add that
some individuals initiated on prescription opioids transition to illicit opioids when their
prescription is not renewed.8–12
The associations between dispensing of opioids and opioid-related adverse events such as
dependence, addiction and mortality, have been well documented.2,13–16 Among Ontarians who
received opioid prescriptions for chronic non-cancer pain for at least 3 months, 1 in 550 patients
died of opioid-related causes.17 For those receiving high-dose treatment of ≥200 MME per day,
the proportion was as high as 1 in 32. Of those patients who died of opioid-related causes, the
median time to mortality was 2.6 years (IQR 1.1 to 5.2 years) from their first opioid
prescription.17
Opioid use disorder (OUD) currently affects 15.5 million people worldwide.18 Using data
from the Global Burden of Disease (GBD) study, the age-standardized opioid-related disabilityadjusted life year (DALY) rate in Canada was 355.5 per 100,000 population in 2014, higher than
the global rate of 193.2.19 The age-standardized years of potential life lost (YLL) rate due to
OUD rate in Canada increased by 142.2%, while the global rate decreased by 10.1% between
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1990 and 2014. Health loss was greater for males than females, and highest among those aged 25
to 29 years.19 In 2018, the overall rate of individuals on opioid replacement therapy (OAT) in
Ontario was 4.37 per 1,000 population.20 Rates at which OATs are dispensed, vary considerably
by region across the province; from 5.02 to 20.9 per 1,000 population.
The 2017 Guideline for chronic non-cancer pain reports that any prescription opioid is
associated with a 5.5% risk of addiction 1 A review of 24 studies with sample sizes ranging from
5 to 532, found an overall estimate of OUD rate following exposure to opioids for chronic noncancer pain of 3.27%.21 This is concerning as the mortality rate among individuals with an OUD
is 10 times as high as the general population.22 The majority of long-term cohort studies on
opioid addiction are conducted among people who use heroin.23 This study will contribute to the
existing body of evidence to help understand how average daily dose (in MME) at prescription
opioid initiation among previously opioid naïve individuals affects the risk of being treated for
OUD.
3.2.2 Objectives
The objective of this study was to examine population-level patterns of opioid prescribing
among previously opioid naïve individuals who initiated prescription opioid treatment for noncancer pain and how these patterns differ by demographic, clinical and opioid prescription
characteristics. We then sought to construct a survival model to determine whether a doseresponse relationship exists between average daily dose (in MME) at initiation and time to
treated OUD.
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3.3 Methods
3.3.1 Study design
We conducted a population-based, retrospective cohort study amongst previously opioid
naïve individuals aged 15 and older who initiated prescription opioid therapy for non-cancer pain
in Ontario, Canada, between July 1, 2013 and March 31, 2016. Opioid naïve individuals were
defined as individuals who did not receive an opioid prescription, have previous treatment for
OUD or have an opioid-related hospitalization within one-year prior to their index date. Noncancer pain was defined as any painful condition that is not associated with a diagnosis of
cancer.1 The index date was the date of the first opioid prescription within the specified study
period. Individuals were followed up from their index date for a maximum of 57 months (up to
March 31, 2018), to the date of treated OUD, or death from any cause, whichever came first.
Exposure and outcome data, including opioid prescription characteristics, were identified using
prescription records within the Narcotics Monitoring System (NMS). This study included
individuals who received oral or transdermal codeine, oxycodone, hydromorphone, morphine,
tramadol, fentanyl and meperidine. This study was approved by the Research Ethics Board at
Queen’s University, Kingston, Ontario.
3.3.2 Data sources
Exposure and outcome data were identified using prescription records within the Narcotic
Monitoring System (NMS), which collects information on all opioids dispensed in Ontario.24 The
Canadian Institute for Health Information’s Discharge Abstract Database (CIHI-DAD) was used
to identify individuals with prior inpatient hospitalization where OUD was listed as a diagnosis.25
CIHI’s National Ambulatory Care Reporting System (NACRS) was used to obtain ED visit and
same day surgery data including patients who visited the ED or were hospitalized for opioid
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toxicity. The Ontario Cancer Registry was used to identify past cancer diagnoses,26 and the
Ontario Health Insurance Plan (OHIP) Claims Database to identify physician claims for health
services utilization and palliative care services.25 The Registered Persons Database (RPDB) was
used to identify patients’ place of residence and demographic characteristics. These datasets
were accessed through the data repository at ICES, and linked using unique, encoded identifiers
based on patient health card numbers. All data was analysed anonymously at ICES Queen’s.
3.3.3 Eligibility criteria
We excluded individuals with a diagnosis of cancer defined as evidence by record in the
cancer diagnosis database, cancer clinic visit or physician billing record in the 12 months prior to
the index opioid prescription; or individuals with procedure or diagnostic codes (in the 5 days
prior to or on index prescription date) relating to malignant neoplasms. Individuals with
palliative care in the 12 months prior to index prescription were excluded by evidence of hospital
visit, clinic visit or physician billing record. Individuals who visited the ED or were hospitalized
for opioid toxicity or had previous treatment for OUD in the 12 months prior to their index
prescription were excluded. Individuals dispensed an opioid in the 12 months prior to index
prescription were excluded. Individuals treated for an OUD within 90 days following their index
prescription were excluded, as they were not likely to be opioid naïve at time of index. This
decision was made through consultation with clinical addictions medicine experts and the CDC
guideline recommendation that prescribers should evaluate patients on continued opioid therapy
every 3 months for possible signs of OUD.27 Individuals with a diagnosis of a substance use
disorder in the 12 months prior to the index prescription were excluded from the study as it was
not possible to determine if the diagnosis was for OUD or another substance use disorder.
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3.3.4 Exposure definition
The primary exposure of interest was average daily dose of the initial opioid prescription
measured in MME; calculated as the number of days supplied divided by total dose. The average
daily dose was converted into MME using morphine equivalence ratios defined by the Canadian
National Opioid Use Guideline Group.28 Average daily dose was stratified into six groups (0-19,
20-50, >50-90, >90-150, >150-200, >200 MME) based on guideline recommendations.28
Secondary exposures were analyzed within the primary model, including formulation type and
total days’ supply at initiation. Opioid formulation types included immediate release (IR)
formulations, long-acting (LA) formulations, and both IR and LA formulations. Total days’
supply was estimated by the pharmacist at the time of dispensing based on the quantity of the
prescription. Total days' supply was stratified into six groups (1-2, 3-4, 5-7, 8-10, 11-29, 30+
days). For individuals dispensed two or more opioids on their index date, we counted the longest
number of days supplied and summed the doses of both prescriptions to calculate average daily
dose.
3.3.5 Outcome definition
The outcome of interest was treated OUD, defined as initiation of methadone or bup/nx,
the two medications indicated for opioid agonist therapy in Ontario. The outcome variable in this
study was time to treated OUD, measured as the time from index date until methadone or bup/nx
was dispensed.
3.3.6 Demographic and clinical characteristics
Demographic and clinical characteristics included: sex; age group (15-17, 18-24, 25-44,
45-64, 65+); socio-economic status (based on neighbourhood income quintile); geographic
location of residence (urban, rural); total number of physician visits within one year prior to
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index; clinical indications of pain (chronic musculoskeletal, surgical, trauma, dental, delivery,
other); medical co-morbid conditions including health service usage in the 3 years prior to index
for chronic lung disease, chronic kidney disease, diagnosis of diabetes, Charlson Comorbidity
Index (past 3 years of hospitalization data); psychiatric co-morbid conditions including hospital
and ED visits in the 3 years prior to index for anxiety disorders, deliberate self-harm, mood
disorders, schizophrenia, substance use disorder, alcohol use disorder, other mental health
disorders, and; overlapping benzodiazepine or stimulant prescriptions at index. The clinical
indications for initiating prescription opioids were stratified into major pain groups according to
an algorithm previously described by Pasricha et al.29 The process used to classify the groups and
descriptions of pain indications are outlined in Figure A1 and Table A1 of Appendix A,
respectively.
3.3.7 Statistical analyses
Descriptive analyses
We used descriptive statistics to summarize demographic characteristics at initiation of
prescription opioids over the study period (numbers and percentages for categorical variables,
mean, median and interquartile range for continuous variables). The incidence rate of treated
OUD within the cohort during the study period was calculated using treated cases per personyears (p-y) at-risk. All analyses were performed using SAS version 9.3 (SAS Institute, Cary,
NC).
Primary analysis
Kaplan-Meier (KM) survival probabilities of time to OUD were calculated for groups
with selected exposure characteristics at initiation. The log-rank test was used to test for
univariate associations between baseline characteristics at prescription opioid initiation and time
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to treated OUD. Stratified Cox proportional hazards regression models were employed to assess
associations between exposure variables and time to OUD, controlling for measured
confounders. Major pain indication was controlled for as the stratifying variable in the model as
the proportional hazards assumption for this variable was not met and we did not have enough
power to detect examine associations within each major pain group. The primary exposure in the
regression model was average daily dose (in MME) at initiation. Secondary exposures included
formulation type and total days’ supply. Tests for effect modification for age and sex were
carried out. Collinearity of covariates was assessed using VIFs.
Secondary analysis
We conducted a secondary subgroup analysis to assess the association between average
daily dose at initiation and risk of treated OUD for chronic musculoskeletal (MSK) pain,
excluding individuals prescribed an opioid for other pain indications. This analysis allowed us to
relate our results to chronic non-cancer pain prescribing guidelines. Pain indications assumed to
be chronic MSK pain include diagnosis codes related to chronic back pain and chronic joint and
muscle pain (Appendix A).
Sensitivity analysis
A sensitivity analysis was carried out on the primary analysis for all non-cancer pain. In
this analysis we excluded individuals who initiated prescription opioids at an average daily dose
of >200 MME to compare with the primary results. This analysis was carried out under the
assumption that individuals prescribed >200 MME at initiation may not be opioid naïve and
removal of one level of the exposure variable may affect the HRs of covariates in the model. A
p-value less than 0.05 was considered to be statistically significant. All analyses were performed
using SAS version 9.3 (SAS Institute, Cary, NC).
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3.4 Results
3.4.1 Participants
Participants in the study are described in the flow diagram in Figure 1. Of the 3,251,554
individuals dispensed an opioid for non-cancer pain between July 1, 2013 and March 31, 2016,
1,607,659 individuals were eligible and included in the study.
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Figure 1. Participant selection flow diagram.
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3.4.2 Descriptive analyses
The incidence rate of treated OUD among previously opioid naïve individuals within the
study period was 85.7 cases per 100,000 p-y. Among primary exposure groups, 0-19 MME had
the lowest incidence rate of treated OUD with 81.2 cases per 100,000 p-y, and >200 MME had
the highest incidence rate with 711.3 cases per 100,000 p-y (Table 1). The overall median age of
individuals was 47 (IQR 30-61), 52% were female and 88% lived in an urban community setting.
The majority of individuals in the study initiated opioids at 20-50 MME (57.9%),
followed by 0-19 (20.5%), >50-90 (18.2%), >90-150 (3.0%), >150-200 (0.2%) and >200 MME
(0.1%) (Table 1). The median days supplied was 4 days (IQR 3-5) and 98.9% of individuals
were prescribed an immediate release formulation at initiation. Of individuals prescribed an
opioid, 3.8% had an overlapping benzodiazepine prescription and 0.6% had an overlapping
stimulant prescription. A higher proportion of individuals dispensed doses >50-90 MME, >90150 MME, >150-200 MME and >200 MME were male (51.3%, 53.8%, 56.2% and 61.0%,
respectively); whereas a higher proportion of individuals dispensed 0-19 MME and 20-50 MME
were female (55.6% and 52.3%, respectively).
Most individuals initiated opioid prescriptions for dental pain at initiation (27.8%)
whereas 18.8% of individuals received opioid prescriptions for surgical pain, 16% for chronic
MSK pain and 14.2% for trauma-related pain. Individuals who initiated at 0-19 MME most
commonly prescribed for dental or chronic MSK pain (26.9 and 24.0%, respectively), whereas
individuals initiating at >50-90, >90-150, >150-200 and >200 were most commonly prescribed
for surgical pain (30.6, 45.1, 58.2 and 50.5%, respectively). See Supplement 1 for descriptive
characteristics by major pain indication.
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Codeine accounted for the majority prescription opioids dispensed (58.3%), oxycodone
accounted for 24.0%, followed by tramadol (8.4%), hydromorphone (7.6%) and morphine
(2.7%). The type of opioid most commonly initiated at 0-19 and 20-50 MME was codeine (77.5
and 63.5%), at >50-90 and >90-150 MME was oxycodone (60.4 and 46.1%) and at >150-200
and >200 MME was hydromorphone (62.9 and 65.6%).
Anxiety disorders were the most common psychiatric comorbidity within the study
cohort with 1.6% of individuals diagnosed in the 3 years prior to their index date. Comorbid
alcohol use disorder was second most common (1.1%), followed by mood disorders (0.9%),
deliberate self-harm (0.3%), schizophrenia (0.2%) and other mental health disorders (0.3%).
Individuals with psychiatric co-morbidities were most often prescribed an average daily dose of
20-50 MME at initiation.
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Table 1. Demographic, clinical and opioid prescription characteristics at initiation*.
Variable

Overall,
N=1,607,659

0-19 MME,
N=329,898

20-50 MME,
N=930,841

>50-90 MME,
N=293,169

>90-150 MME,
N=48,889

>150-200 MME,
N=3,260

>200 MME,
N=1,602

Mean ± SD

46.62 ± 19.32

51.12 ± 20.14

45.28 ± 19.19

45.52 ± 18.24

48.25 ± 18.05

49.44 ± 17.90

48.28 ± 17.76

Median (IQR)

47 (30-61)

51 (35-66)

45 (29-59)

46 (30-59)

50 (34-62)

51 (35-63)

49 (34-61)

15-17

75,681 (4.7%)

11,141 (3.4%)

49,982 (5.4%)

12,788 (4.4%)

1,615 (3.3%)

111 (3.4%)

44 (2.7%)

18-24

191,974 (11.9%)

29,051 (8.8%)

123,058 (13.2%)

34,745 (11.9%)

4,699 (9.6%)

275 (8.4%)

146 (9.1%)

25-44

479,881 (29.8%)

85,564 (25.9%)

285,368 (30.7%)

93,796 (32.0%)

13,876 (28.4%)

816 (25.0%)

461 (28.8%)

45-64

539,033 (33.5%)

112,431 (34.1%)

304,603 (32.7%)

101,661 (34.7%)

18,383 (37.6%)

1,329 (40.8%)

626 (39.1%)

65+

321,090 (20.0%)

91,711 (27.8%)

167,830 (18.0%)

50,179 (17.1%)

10,316 (21.1%)

729 (22.4%)

325 (20.3%)

Female

837,432 (52.1%)

183,512 (55.6%)

486,426 (52.3%)

142,845 (48.7%)

22,597 (46.2%)

1,428 (43.8%)

624 (39.0%)

Male

770,227 (47.9%)

146,386 (44.4%)

444,415 (47.7%)

150,324 (51.3%)

26,292 (53.8%)

1,832 (56.2%)

978 (61.0%)

1

290,583 (18.1%)

68,253 (20.7%)

164,617 (17.7%)

49,046 (16.7%)

7,880 (16.1%)

495 (15.2%)

292 (18.2%)

2

309,152 (19.2%)

67,511 (20.5%)

177,239 (19.0%)

54,559 (18.6%)

8,992 (18.4%)

569 (17.5%)

282 (17.6%)

3

323,488 (20.1%)

67,061 (20.3%)

187,337 (20.1%)

58,575 (20.0%)

9,640 (19.7%)

607 (18.6%)

268 (16.7%)

4

350,808 (21.8%)

67,438 (20.4%)

205,650 (22.1%)

65,503 (22.3%)

11,127 (22.8%)

732 (22.5%)

358 (22.3%)

5

333,628 (20.8%)

59,635 (18.1%)

195,998 (21.1%)

65,486 (22.3%)

11,250 (23.0%)

857 (26.3%)

402 (25.1%)

Rural

191,208 (11.9%)

34,246 (10.4%)

113,689 (12.2%)

35,278 (12.0%)

7,249 (14.8%)

531 (16.3%)

215 (13.4%)

Urban

1,416,451 (88.1%)

295,652 (89.6%)

817,152 (87.8%)

257,891 (88.0%)

41,640 (85.2%)

2,729 (83.7%)

1,387 (86.6%)

Age

Sex

Income Quintile

Location of residence

Charlson comorbidity index group
No hospitalizations

1,394,926 (86.8%)

284,389 (86.2%)

811,334 (87.2%)

253,919 (86.6%)

41,366 (84.6%)

2,684 (82.3%)

1,234 (77.0%)

0

145,481 (9.0%)

27,455 (8.3%)

83,915 (9.0%)

28,252 (9.6%)

5,179 (10.6%)

413 (12.7%)

267 (16.7%)

1

32,526 (2.0%)

8,301 (2.5%)

17,271 (1.9%)

5,599 (1.9%)

1,212 (2.5%)

92 (2.8%)

51 (3.2%)

2

16,848 (1.0%)

4,535 (1.4%)

8,957 (1.0%)

2,721 (0.9%)

573 (1.2%)

35 (1.1%)

27 (1.7%)

3+

17,878 (1.1%)

5,218 (1.6%)

9,364 (1.0%)

2,678 (0.9%)

559 (1.1%)

36 (1.1%)

23 (1.4%)
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Variable
Chronic kidney disease

Overall,
N=1,607,659
32,915 (2.0%)

0-19 MME,
N=329,898
9,378 (2.8%)

20-50 MME,
N=930,841
17,683 (1.9%)

>50-90 MME,
N=293,169
4,841 (1.7%)

>90-150 MME,
N=48,889
931 (1.9%)

>150-200 MME,
N=3,260
56 (1.7%)

>200 MME,
N=1,602
26 (1.6%)

Lung disease

79,958 (5.0%)

18,966 (5.7%)

44,528 (4.8%)

13,641 (4.7%)

2,569 (5.3%)

160 (4.9%)

94 (5.9%)

Diabetes

203,292 (12.6%)

53,310 (16.2%)

109,395 (11.8%)

33,500 (11.4%)

6,472 (13.2%)

421 (12.9%)

194 (12.1%)

Anxiety disorders

25,652 (1.6%)

4,891 (1.5%)

15,507 (1.7%)

4,488 (1.5%)

703 (1.4%)

40 (1.2%)

23 (1.4%)

Mood disorders

15,056 (0.9%)

2,859 (0.9%)

9,141 (1.0%)

2,622 (0.9%)

394 (0.8%)

21 (0.6%)

19 (1.2%)

Deliberate self-harm

4,165 (0.3%)

740 (0.2%)

2,584 (0.3%)

723 (0.2%)

105 (0.2%)

7 (0.2%)

6 (0.4%)

Schizophrenia

3,355 (0.2%)

831 (0.3%)

1,943 (0.2%)

490 (0.2%)

84 (0.2%)

<=5 (<0.3%)

<=5 (<0.4%)

Other mental health disorders

4,530 (0.3%)

843 (0.3%)

2,837 (0.3%)

735 (0.3%)

107 (0.2%)

<=5 (<0.3%)

<=5 (<0.4%)

Alcohol use disorder

18,009 (1.1%)

3,779 (1.1%)

10,025 (1.1%)

3,450 (1.2%)

667 (1.4%)

42 (1.3%)

46 (2.9%)

Chronic MSK

257,372 (16.0%)

79,122 (24.0%)

128,125 (13.8%)

41,481 (14.1%)

7,808 (16.0%)

550 (16.9%)

286 (17.9%)

Surgery

302,047 (18.8%)

23,076 (7.0%)

164,460 (17.7%)

89,776 (30.6%)

22,029 (45.1%)

1,897 (58.2%)

809 (50.5%)

Trauma

229,003 (14.2%)

52,831 (16.0%)

127,087 (13.7%)

41,688 (14.2%)

6,729 (13.8%)

413 (12.7%)

255 (15.9%)

Dental

446,991 (27.8%)

88,892 (26.9%)

300,007 (32.2%)

54,128 (18.5%)

3,802 (7.8%)

102 (3.1%)

60 (3.7%)

Delivery

36,672 (2.3%)

3,361 (1.0%)

23,389 (2.5%)

8,935 (3.0%)

969 (2.0%)

<20 (<0.6%)

<=5 (<0.4%)

Other

335,574 (20.9%)

82,616 (25.0%)

187,773 (20.2%)

57,161 (19.5%)

7,552 (15.4%)

285 (8.7%)

187 (11.7%)

Codeine

937,138 (58.3%)

255,823 (77.5%)

590,807 (63.5%)

84,756 (28.9%)

4,900 (10.0%)

708 (21.7%)

144 (9.0%)

Fentanyl

539 (0.0%)

<=5 (0.0%)

116 (0.0%)

18 (0.0%)

234 (0.5%)

14 (0.4%)

156 (9.7%)

Hydromorphone

121,458 (7.6%)

12,225 (3.7%)

62,656 (6.7%)

25,776 (8.8%)

17,698 (36.2%)

2,052 (62.9%)

1,051 (65.6%)

Morphine

42,849 (2.7%)

5,129 (1.6%)

29,020 (3.1%)

6,422 (2.2%)

1,985 (4.1%)

220 (6.7%)

73 (4.6%)

Oxycodone

386,174 (24.0%)

18,186 (5.5%)

159,580 (17.1%)

177,096 (60.4%)

29,525 (46.1%)

1,313 (40.3%)

474 (29.6%)

Tramadol

135,192 (8.4%)

37,866 (11.5%)

88,851 (9.5%)

6,833 (2.3%)

1,409 (2.9%)

183 (5.6%)

50 (3.1%)

Meperidine

3,499 (0.2%)

761 (0.2%)

2,116 (0.2%)

560 (0.2%)

55-60 (<0.2%)

<=5 (<0.3%)

<=5 (<0.4%)

Mental health diagnoses

Major pain indication

Type of opioid dispensed
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Variable

Overall,
N=1,607,659

0-19 MME,
N=329,898

20-50 MME,
N=930,841

>50-90 MME,
N=293,169

>90-150 MME,
N=48,889

>150-200 MME,
N=3,260

>200 MME,
N=1,602

Mean ± SD

5.52 ± 5.78

10.45 ± 9.40

4.37 ± 3.35

3.79 ± 2.91

4.40 ± 4.29

6.40 ± 6.29

10.82 ± 14.50

Median (IQR)

4 (3-5)

7 (5-12)

3 (3-5)

3 (2-5)

3 (2-5)

5 (3-7)

5 (3-11)

1-2

307,692 (19.1%)

11,499 (3.5%)

176,337 (18.9%)

103,273 (35.2%)

15,761 (32.2%)

502 (15.4%)

320 (20.0%)

3-4

602,086 (37.5%)

48,555 (14.7%)

428,693 (46.1%)

105,706 (36.1%)

17,797 (36.4%)

1,041 (31.9%)

294 (18.4%)

5-7

445,871 (27.7%)

114,867 (34.8%)

252,093 (27.1%)

67,437 (23.0%)

9,994 (20.4%)

1,026 (31.5%)

454 (28.3%)

8-10

133,657 (8.3%)

70,340 (21.3%)

48,362 (5.2%)

11,407 (3.9%)

3,104 (6.3%)

311 (9.5%)

133 (8.3%)

11-29

80,871 (5.0%)

53,686 (16.3%)

20,594 (2.2%)

4,407 (1.5%)

1,750 (3.6%)

269 (8.3%)

165 (10.3%)

30+

37,482 (2.3%)

30,951 (9.4%)

4,762 (0.5%)

939 (0.3%)

483 (1.0%)

111 (3.4%)

236 (14.7%)

Immediate release

1,590,103 (98.9%)

327,338 (99.2%)

926,496 (99.5%)

288,927 (98.6%)

44,229 (90.5%)

2,334 (71.6%)

779 (48.6%)

Long-acting

7,150 (0.4%)

2,539 (0.8%)

3,573 (0.4%)

487 (0.2%)

309 (0.6%)

38 (1.2%)

204 (12.7%)

Both

10,406 (0.6%)

21 (0.0%)

772 (0.1%)

3,755 (1.3%)

4,351 (8.9%)

888 (27.2%)

619 (38.6%)

Concurrent benzodiazepine
prescription

61,676 (3.8%)

17,142 (5.2%)

32,614 (3.5%)

9,782 (3.3%)

1,900 (3.9%)

153 (4.7%)

85 (5.3%)

Concurrent stimulant
prescription

9,251 (0.6%)

1,499 (0.5%)

5,702 (0.6%)

1,734 (0.6%)

291 (0.6%)

12 (0.4%)

13 (0.8%)

Mean ± SD

12.84 ± 14.74

12.96 ± 15.41

12.05 ± 13.98

14.21 ± 14.96

17.81 ± 17.89

22.01 ± 25.45

28.74 ± 41.06

Median (IQR)

9 (4-17)

9 (4-16)

9 (4-16)

11 (5-19)

14 (8-23)

17 (11-26)

19 (11-31)

Incidence rate per 100,000
person-years

85.7/100,000

81.2/100,000

83.8/100,000

92.8/100,000

84.7/100,000

163.4/100,000

711.3/100,000

Median time-to-event among
individuals treated for OUD

664 (376-991)

633 (379-984)

675 (374-992)

678 (388-1,022)

577 (313-970)

636 (234-965)

564 (316-866)

Estimated days' supply

Formulation type

Total physician visits

*Small cells have been suppressed and may include ranges as per ICES data privacy restrictions.
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3.4.3 Kaplan-Meier survival analysis
Log-rank tests were used to compare groups formed by average daily dose, formulation
type and total days’ supply; all had significant differences among strata (log-rank p-values
<.0001). Due to the large proportion of observations that were censored at the end of the followup period, we were unable to report the median time-to-event taking censoring into
consideration. However, among individuals with uncensored time to treated OUD, the overall
median time to event was 664 days (IQR 376-991).
The maximum follow-up time within the study period was 1735 days. In order to
compare differences in survival probabilities among primary and secondary exposure groups, we
selected the median (868 days) of the maximum survival time and reported survival probabilities
at that time point. The survival probabilities among average daily dose groups at 868 days were
0.9981, 0.9981, 0.9979, 0.9980, 0.9963 and 0.9812 for 0-19, 20-50, >50-90, >90-150, >150-200
and >200 MME, respectively.
The survival probabilities for opioid formulation type at 868 days were 0.9981 for IR
formulations, 0.9970 for both LA and IR formulations and 0.9899 for LA formulations. Survival
probabilities at this time point for total days’ supply were 0.9978, 0.9981, 0.9982, 0.9983, 0.9978
and 0.9962 for 1-2, 3-4, 5-7, 8-10, 11-29 and 30+ days, respectively. The KM survival curves for
primary and secondary exposures are presented in Figure 2.
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Figure 2. Kaplan-Meier survival plots for primary and secondary exposures. Note: y-axes are highly truncated.
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3.4.4 Cox’s proportional hazards model
Primary analysis
Adjusted hazard ratios from the stratified Cox proportional hazards model are displayed
in Table 2 and illustrated in Supplement 1, Figures 3 to 5. Major pain indication was controlled
for as the stratifying variable in the stratified Cox proportional hazards model. Effect
modification for both age and sex were not statistically significant. There were no issues with
collinearity. Due to the size of the study population, the PH assumption could not be assessed
using the score method in SAS. All possible confounders were included in the final model: age,
sex, overlapping benzodiazepine prescription, overlapping stimulant prescription, major pain
indication, total number of physician visits in the past year, location of residence, income,
physical co-morbidities using the Charlson comorbidity index, and previous mental health
diagnoses including anxiety disorders, mood disorders, deliberate self-harm, schizophrenia,
substance use disorder and other mental health disorders.
The risk of treated OUD increased in a dose-response manner with higher average daily
doses being most prominent among higher dose groups. Compared to individuals initiating at 019 MME, the hazard of OUD was 1.11 times as great among individuals initiating opioids at a
dose 20-50 MME (95% CI: 1.02, 1.12), 1.29 times as great among individuals initiating at >5090 MME (95% CI: 1.16, 1.44), 1.29 times as great among individuals initiating at >90-150 MME
(95% CI: 1.06, 1.56), 2.5 times as great among individuals initiating at >150-200 MME (95%
CI: 1.54, 4.03) and over 4 times as great among individuals initiating at a dose >200 MME (95%
CI: 2.89, 5.97).
Individuals prescribed an opioid at initiation with total days’ supply of 11-29 days and
30+ days were at significantly greater risk of developing a treated OUD (HR 1.55, 95% CI: 1.33,
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1.80) and (HR 2.19, 95% CI: 1.82, 2.63), respectively, compared to total days’ supply of 1-2
days. Individuals prescribed a long-acting formulation opioid had 2.93 times the hazard of
developing a treated OUD compared to those prescribed an immediate release formulation (95%
CI: 2.33, 3.69).
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Table 2. Hazard ratios (HR) for primary and secondary exposures and treated OUD.
Adjusted HR

p-value

(95% CI)
Average daily dose (MME)
-

0-19

Referent

20-50

1.11 (1.02, 1.21)

0.0205

>50-90

1.29 (1.16, 1.44)

<.0001

>90-150

1.29 (1.06, 1.56)

0.0090

>150-200

2.49 (1.54, 4.03)

0.0002

>200

4.15 (2.89, 5.97)

<.0001

Formulation type
-

Immediate release

Referent

Long-acting

2.93 (2.33, 3.69)

<.0001

Both

1.24 (0.89, 1.72)

0.1957

Total days’ supply
-

1-2

Referent

3-4

0.94 (0.87, 1.02)

0.1463

5-7

0.98 (0.90, 1.08)

0.7679

8-10

1.07 (0.94, 1.23)

0.2970

11-29

1.55 (1.33, 1.80)

<.0001

30+

2.19 (1.82, 2.63)

<.0001

Age
-

15-17

Referent

18-24

3.48 (2.89, 4.19)

<.0001

25-44

2.81 (2.34, 3.38)

<.0001

45-64

0.54 (0.45, 0.66)

<.0001

65+

0.06 (0.04, 0.08)

<.0001

Sex
Female

Referent

Male

1.95 (1.83, 2.08)
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<.0001

Income Quintile
1 (lowest)

2.54 (2.31, 2.79)

<.0001

2

1.69 (1.53, 1.87)

<.0001

3

1.36 (1.22, 1.51)

<.0001

4

1.12 (1.00, 1.25)

0.0411

5 (highest)

Referent

-

Urban

Referent

-

Rural

1.32 (1.22, 1.44)

Location of residence

<.0001

Charlson comorbidity index group
(3 years of past hospitalization data)
-

No hospitalizations

Referent

0

1.62 (1.48, 1.77)

<.0001

1

1.49 (1.16, 1.90)

0.0016

2

0.78 (0.44, 1.39)

0.4069

3+

1.25 (0.75, 2.06)

0.3892

Anxiety disorder

2.03 (1.79, 2.31)

<.0001

Mood disorder

1.34 (1.13, 1.59)

0.0009

Deliberate self-harm

2.35 (1.91, 2.91)

<.0001

Schizophrenia

1.01 (0.71, 1.44)

0.9472

Alcohol use disorder

3.85 (3.40, 4.36)

<.0001

Other mental health disorder

1.14 (0.86, 1.51)

0.3682

Concurrent benzodiazepine
prescription

2.41 (2.15, 2.71)

<.0001

Concurrent stimulant prescription

1.86 (1.50, 2.30)

<.0001

Total physician visits in past year
(per 10 visits)

0.97 (0.96, 0.98)

0.0110

Mental health diagnoses
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Index date
Year 1 (July 1, 2013 - June 30, 2014)

1.32 (1.20, 1.45)

<.0001

Year 2 (July 1, 2014 - June 30, 2015)

1.19 (1.08, 1.31)

0.0005

Year 3 (July 1, 2015 - March 31, 2016)

Referent

-

Secondary analysis
We conducted a secondary subgroup analysis restricted to individuals dispensed an
opioid for chronic MSK pain at initiation. A total of 257,372 individuals were included in the
analysis.
Similar to the primary analysis, significant results were found for individuals initiating
opioids for chronic MSK pain. Compared to individuals initiating at an average daily dose of 019 MME, the hazard of OUD was 1.52 times as great among 20-50 MME (95% CI: 1.24, 1.86),
1.73 times as great among individuals initiating at >50-90 MME (95% CI: 1.33, 2.26), 1.61 times
as great among individuals initiating at >90-150 MME (95% CI: 0.98, 2.63), 5.26 times as great
among individuals initiating at >150-200 MME (95% CI: 2.27, 12.18), and 3.74 times as great
among individuals initiating at >200 MME (95% CI: 1.91, 7.33), compared to patients initiating
at 0-19 MME. HRs from the stratified Cox model are presented in Table 3.
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Table 3. HRs for chronic non-cancer pain (CNCP) and treated OUD.
Adjusted HR

p-value

(95% CI)
Average daily dose (MME)
-

0-19

Referent

20-50

1.52 (1.24, 1.86)

<.0001

>50-90

1.73 (1.33, 2.26)

<.0001

>90-150

1.61 (0.98, 2.63)

0.0575

>150-200

5.26 (2.27, 12.18)

0.0001

>200

3.74 (1.91, 7.33)

0.0001

Formulation type
-

Immediate release

Referent

Long-acting

2.21 (1.55, 3.14)

<.0001

Both

1.26 (0.67, 2.36)

0.4707

Total days’ supply
-

1-2

Referent

3-4

0.89 (0.69, 1.15)

0.3813

5-7

1.15 (0.89, 1.48)

0.2819

8-10

1.20 (0.87, 1.64)

0.2583

11-29

2.34 (1.72, 3.17)

<.0001

30+

3.79 (2.71, 5.30)

<.0001

Age

-

15-17

Referent

18-24

5.09 (1.61, 16.06)

0.0055

25-44

2.93 (0.94, 9.12)

0.0642

45-64

0.60 (0.19, 1.88)

0.3798

65+

0.05 (0.01, 0.19)

<.0001

Sex
Female

Referent

Male

2.19 (1.86, 2.58)

67

<.0001

Income Quintile
1 (lowest)

2.31 (1.80, 2.98)

<.0001

2

1.99 (1.54, 2.58)

<.0001

3

1.321 (1.002, 1.741)

0.0485

4

1.17 (0.88, 1.55)

0.2782

5

Referent

-

Urban

Referent

-

Rural

0.98 (0.78, 1.22)

Location of residence

0.8527

Charlson comorbidity index group
(3 years of past hospitalization data)

-

No hospitalizations

Referent

0

1.65 (1.29, 2.13)

<.0001

1

2.07 (1.21, 3.56)

0.0081

2

1.60 (0.59, 4.32)

0.3557

3+

-

-

Mental health diagnoses
Anxiety disorder

1.34 (0.90, 2.01)

0.1532

Mood disorder

1.77 (1.13, 2.77)

0.0125

Deliberate self-harm

2.20 (1.18, 4.11)

0.0131

Schizophrenia

1.04 (0.32, 3.31)

0.9506

Alcohol use disorder

3.62 (2.59, 5.06)

<.0001

Other mental health disorder

1.03 (0.43, 2.50)

0.9401

Concurrent benzodiazepine
prescription

2.79 (2.21, 3.53)

<.0001

Concurrent stimulant prescription

2.33 (1.37, 3.97)

0.0018

Total physician visits in past year
(per 10 visits)

0.82 (0.73, 0.90)

<.0001
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Index date
Year 1 (July 1, 2013 - June 30, 2014)

1.12 (0.89, 1.41)

0.3256

Year 2 (July 1, 2013 - June 30, 2015)

1.05 (0.83, 1.33)

0.6725

Year 3 (July 1, 2015 - March 31, 2016)

Referent

-

Sensitivity analysis
The HR for >200 MME category of average daily dose in the primary analysis was high.
We hypothesized this level of strata may be inflating HRs as it is unlikely, from a clinical
perspective, that a patient will be prescribed >200 MME at initiation. Therefore, we conducted a
sensitivity analysis excluding individuals prescribed >200 MME at initiation. 1,606,057
individuals were included in this analysis. The results demonstrate larger HRs among exposure
groups when >200 MME group was removed and confirms the dose-response results from the
primary analysis (Table 4).
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Table 4. HRs for primary and secondary exposures and treated OUD without >200 MME.
Adjusted HR

p-value

(95% CI)
Average daily dose (MME)
-

0-19

Referent

20-50

1.12 (1.25, 1.87)

0.0129

>50-90

1.31 (1.17, 1.46)

<.0001

>90-150

1.32 (1.09, 1.60)

0.0043

>150-200

2.63 (1.62, 4.27)

<.0001

Formulation type
-

Immediate release

Referent

Long-acting

2.99 (2.37, 3.79)

<.0001

Both

1.07 (0.73, 1.57)

0.7356

Total days supply
-

1-2

Referent

3-4

0.94 (0.87, 1.02)

0.1526

5-7

0.99 (0.90, 1.08)

0.0634

8-10

1.08 (0.95, 1.24)

0.8012

11-29

1.53 (1.31, 1.78)

<.0001

30+

2.32 (1.93, 2.79)

<.0001

Age

-

15-17

Referent

18-24

3.52 (2.92, 4.24)

<.0001

25-44

2.82 (2.34, 3.39)

<.0001

45-64

0.55 (0.45, 0.67)

<.0001

65+

0.06 (0.04, 0.09)

<.0001

Sex
Female

Referent

Male

1.95 (1.83, 2.07)
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<.0001

Income quintile
1 (lowest)

2.53 (2.29, 2.78)

<.0001

2

1.67 (1.50, 1.85)

<.0001

3

1.36 (1.22, 1.51)

<.0001

4

1.11 (0.99, 1.24)

0.0523

5 (highest)

Referent

-

Urban

Referent

-

Rural

1.32 (1.22, 1.44)

Location of residence

<.0001

Charlson comorbidity index group
(3 years of past hospitalization data)

-

No hospitalizations

Referent

0

1.63 (1.49, 1.78)

<.0001

1

1.40 (1.08, 1.80)

0.0105

2

0.79 (0.45, 1.41)

0.4316

3+

1.26 (0.76, 2.08)

0.3636

Anxiety disorder

2.05 (1.81, 2.33)

<.0001

Mood disorder

1.36 (1.14, 1.61)

0.0005

Deliberate self-harm

2.32 (1.87, 2.86)

<.0001

Schizophrenia

1.01 (0.71, 1.44)

0.9492

Alcohol use disorder

3.89 (3.43, 4.41)

<.0001

Other mental health disorder

1.13 (0.85, 1.51)

0.3886

Concurrent benzodiazepine
prescription

2.44 (2.17, 2.75)

<.0001

Concurrent stimulant prescription

1.85 (1.49, 2.29)

<.0001

Total physician visits in past year
(per 10 visits)

0.96 (0.95, 0.97)

<.0085

Mental health diagnoses
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Index date
Year 1 (July 1, 2013 – June 30, 2014)

1.32 (1.20, 1.45)

<.0001

Year 2 (July 1, 2014 – June 30, 2015)

1.18 (1.07, 1.30)

0.0006

Year 3 (July 1, 2015 – March 31, 2016)

Referent

-

3.5 Discussion
This population-based study spanned 4.75 years and included 1,607,659 previously
opioid naïve individuals in Ontario, Canada who initiated opioids for non-cancer pain; 4725 were
subsequently treated with methadone or bup/nx for OUD during the follow-up period.
Individuals were followed for a median of 1278 days (3.5 years). The incidence of treated OUD
within the study period was 85.7 cases per 100,000 person-years. In comparison, previous
studies have found rates of OUD following exposure to prescription opioids of 3.3%21, 5 to
24%30 and 17.1%31. Although the rate of OUD in our study was relatively low, the definition of
OUD used in our study is unique as previous studies have used ICD codes or DSM criteria to
identify OUD.
In our primary analysis, we examined the effects of average daily dose, formulation type
and prescription duration at initiation of opioid therapy for all non-caner pain on risk of treated
OUD. Compared with an average daily dose of <20 MME at initiation, higher average daily
doses increased the risk of treated OUD in a dose-response manner. LA vs. IR formulations and
total days’ supply of 11-29 and 30+ days were also found to be associated with greater risk of
treated OUD. These findings are consistent with literature that have demonstrated higher daily
doses, LA formulations and longer prescription durations are associated with increased risk of
OUD, overdose and mortality.17,21,27,31–35
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In our secondary analysis, we restricted the cohort to previously opioid naïve individuals
dispensed an opioid for chronic MSK pain indications. The current recommended dose to initiate
opioids for CNCP in Canada is <90 MME.1 In this study, we found that 3.35% of opioid
prescriptions initiated for CNCP were above this threshold. In contrast, the CDC guidelines
recommend initiation of prescriptions opioids for CNCP at <50 MME; Health Quality Ontario
(HQO) also supports this recommendation. We found that 19.5% of opioid prescriptions for
CNCP at initiation exceeded 50 MME. Results of our study provide evidence in support of this
CDC recommendation.
When the decision is made to initiate prescription opioids for CNCP, the CDC guidelines
recommend that clinicians should prescribe IR formulation opioids instead of LA formulations.27
In our study, 3,416 (1.3%) individuals were initiated on LA formulation opioids for CNCP. In a
clinical evidence review examining the risk of unintentional overdose with the duration of opioid
action (LA vs. IR formulations), it was found that patients initiating opioid therapy on LA
formulations were more twice as likely to overdose compared to patients initiating on IR
formulations (HR 2.33, 95% CI: 1.26, 4.32).35 Similarly in our study, we found that individuals
dispensed LA formulations for chronic MSK pain had more than two-fold increase in hazard of
treated OUD compared to individuals dispensed IR formulations (HR 2.15, 95% CI: 1.50, 3.08).
According to prescribing guidelines, individuals initiating opioid therapy should be
screened for current or past substance use disorders and psychiatric conditions to identify those
at high risk for OUD.1,27 Currently, the most effective way to screen for OUD is to understand
the risk factors for OUD and assess those most at risk. Demographic and clinical risk factors
include male sex, low income, previous mental health diagnoses (specifically anxiety disorders,
mood disorders, deliberate self-harm and substance use disorders), concomitant alcohol and drug
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use among others.36 There are validated screening instruments that may be used by physicians
help assess patient risk of OUD such as the Generalized Anxiety Disorder and the Patient Health
Questionnaire (PHQ)-9 or the PHQ-4 to assess for anxiety, post-traumatic stress disorder or
depression.27 Screening tools such as the Drug Abuse Screening Test and the Alcohol Use
Disorders Identification Test can be used to screen for substance use disorders. The complexity
of pain management demonstrates the need to tailor pain therapies on a case-by-case basis with
adherence to clinical prescribing guidelines.
Our findings demonstrate the importance of how average daily dose, formulation type
and prescription duration affect the risk of being treated for an OUD. Prescription opioids have a
role in pain management; however, prescribers can facilitate safer and more effective prescribing
and pain management strategies by exploring non-pharmaceutical options and multi-modal
therapies prior to opioid initiation alone. When alternative options are unavailable, opioids
should be initiated at the lowest effective dose, for the shortest duration possible, to prevent
adverse outcomes.27 Our results highlight the importance of conducting regular follow-ups for
opioid naïve patients prescribed doses >50 MME, LA formulations and relatively longer
durations to assess for signs of OUD. McMaster University has developed the Canadian
Guideline for Opioids for CNCP as a resource to prescribers and HQO has developed a quality
standard to help guide clinicians with patients who have or are suspected of having an OUD.1,37
3.5.1 Strengths and limitations
There are several strengths and limitations of our study that should be discussed. The
population-based nature of this study and the use of health administrative databases allowed us to
include all Ontario residents dispensed an opioid between 2013 and 2016 and base our survival
estimates on all cases of treated OUD in the province. These databases are also linkable using
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unique coded identifiers which allowed us to retrieve and control for a number of possible
confounders otherwise unavailable to studies that utilize private health insurance databases.
This study also has limitations. First, our study underestimates the true incidence of OUD
in Ontario because we are only able to capture OUD that is treated with methadone or bup/nx.
However, this outcome measure may be more reliable in identifying true OUDs with higher
specificity. The low incidence rate of treated OUD in our study was expected as Mark et al.
(2019) found <1% of individuals diagnosed with a substance use disorder received medical
treatment for OUD following discontinuation of prescription opioids. Second, naltrexone is also
used to treat OUD in Canada, however individuals treated with naltrexone were not included in
this study as it is also commonly used to treat alcohol use disorders. Despite this, because it is
not first line for OUD, it is not expected that we would miss a large number of outcomes with
this limitation. Third, we undertook an intention to treat analysis, and therefore subsequent
opioid prescriptions or the possible use of illicitly obtained opioids were not considered in the
survival times. However, our findings reinforce that prescription opioid initiation plays an
important role in the development of OUD. Additionally, conversion factors were determined by
the National Opioid Use Guideline Group. Some prescription opioid drugs, such as some
administered via injection or suppository, do not have valid MME conversion factors. Therefore,
88,863 individuals were excluded because at least one of their index opioid prescriptions did not
have a valid MME conversion factor which prevented us from calculating the opioid dose in
MME at index.
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3.6 Conclusion
These findings provide evidence to support that higher average daily doses, longer
prescription durations, and use of LA opioid formulations at initiation of prescription opioid
therapy for non-cancer pain are associated with increased risk of treated OUD. Although the
overall rate and absolute risk of treated OUD were low, the true incidence of OUD in Ontario
following prescription opioid initiation is likely much greater. Our results highlight the
importance of adhering to clinical practice guidelines when weighing the risks and benefits of
initiating opioid therapy for non-cancer pain, taking into consideration daily dose, formulation
type and duration.
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3.9 Supplement 1. Descriptive characteristics by major pain indication
Table 5. Descriptive characteristics by major pain indication.*
Variable

Overall,
N=1,607,659

Chronic MSK,
N=257,372

Surgical,
N=302,047

Trauma,
N=229,003

Dental,
N=446,991

Delivery,
N=36,672

Other,
N=335,574

Mean ± SD

46.62 ± 19.32

56.10 ± 17.29

48.85 ± 17.91

49.74 ± 19.18

38.29 ± 18.96

31.51 ± 5.56

47.98 ± 18.40

Median (IQR)

47 (30-61)

56 (44-69)

49 (35-62)

50 (34-63)

34 (20-53)

32 (28-35)

47 (33-61)

15-17

75,681 (4.7%)

1,474 (0.6%)

9,994 (3.3%)

6,064 (2.6%)

50,500 (11.3%)

209 (0.6%)

7,440 (2.2%)

18-24

191,974 (11.9%)

7,766 (3.0%)

23,167 (7.7%)

19,392 (8.5%)

107,298 (24.0%)

3,791 (10.3%)

30,560 (9.1%)

25-44

479,881 (29.8%)

57,534 (22.4%)

90,683 (30.0%)

66,875 (29.2%)

120,171 (26.9%)

32,405 (88.4%)

112,213 (33.4%)

45-64

539,033 (33.5%)

105,140 (40.9%)

113,642 (37.6%)

83,757 (36.6%)

119,651 (26.8%)

267 (0.7%)

116,576 (34.7%)

65+

321,090 (20.0%)

85,458 (33.2%)

64,561 (21.4%)

52,915 (23.1%)

49,371 (11.0%)

0 (0.0%)

68,785 (20.5%)

Female

837,432 (52.1%)

135,442 (52.6%)

150,394 (49.8%)

108,283 (47.3%)

221,397 (49.5%)

36,672 (100.0%)

185,244 (55.2%)

Male

770,227 (47.9%)

121,930 (47.4%)

151,653 (50.2%)

120,720 (52.7%)

225,594 (50.5%)

0 (0.0%)

150,330 (44.8%)

1

290,583 (18.1%)

48,702 (18.9%)

49,884 (16.5%)

42,920 (18.7%)

77,276 (17.3%)

7,383 (20.1%)

64,418 (19.2%)

2

309,152 (19.2%)

51,740 (20.1%)

56,591 (18.7%)

45,345 (19.8%)

82,168 (18.4%)

7,050 (19.2%)

66,258 (19.7%)

3

323,488 (20.1%)

52,678 (20.5%)

60,562 (20.1%)

46,468 (20.3%)

88,371 (19.8%)

7,135 (19.5%)

68,274 (20.3%)

4

350,808 (21.8%)

54,904 (21.3%)

67,661 (22.4%)

49,211 (21.5%)

98,833 (22.1%)

8,164 (22.3%)

72,035 (21.5%)

5

333,628 (20.8%)

49,348 (19.2%)

67,349 (22.3%)

45,059 (19.7%)

100,343 (22.4%)

6,940 (18.9%)

64,589 (19.2%)

Rural

191,208 (11.9%)

33,993 (13.2%)

42,175 (14.0%)

28,671 (12.5%)

45,799 (10.2%)

3,058 (8.3%)

37,512 (11.2%)

Urban

1,416,451
(88.1%)

223,379 (86.8%)

259,872 (86.0%)

200,332 (87.5%)

401,192 (89.8%)

33,614 (91.7%)

298,062 (88.8%)

Age

Sex

Income quintile

Location of residence
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Variable

Overall,
N=1,607,659
Charlson comorbidity index group

Chronic MSK,
N=257,372

Surgical,
N=302,047

Trauma,
N=229,003

Dental,
N=446,991

Delivery,
N=36,672

Other,
N=335,574

No hospitalizations

224,692 (87.3%)

253,432 (83.9%)

200,897 (87.7%)

412,301 (92.2%)

21,617 (58.9%)

281,987 (84.0%)

0

1,394,926
(86.8%)
145,481 (9.0%)

18,961 (7.4%)

33,082 (11.0%)

17,224 (7.5%)

25,955 (5.8%)

14,753 (40.2%)

35,506 (10.6%)

1

32,526 (2.0%)

6,721 (2.6%)

7,567 (2.5%)

5,471 (2.4%)

4,474 (1.0%)

258 (0.7%)

8,035 (2.4%)

2

16,848 (1.0%)

3,502 (1.4%)

4,092 (1.4%)

2,576 (1.1%)

2,196 (0.5%)

35 (0.1%)

4,447 (1.3%)

3+

17,878 (1.1%)

3,496 (1.4%)

3,874 (1.3%)

2,835 (1.2%)

2,065 (0.5%)

9 (0.0%)

5,599 (1.7%)

Chronic kidney disease

32,915 (2.0%)

7,436 (2.9%)

6,864 (2.3%)

4,852 (2.1%)

3,904 (0.9%)

147 (0.4%)

9,712 (2.9%)

Lung disease

79,958 (5.0%)

17,380 (6.8%)

15,238 (5.0%)

13,288 (5.8%)

13,462 (3.0%)

716 (2.0%)

19,874 (5.9%)

Diabetes

203,292 (12.6%)

47,292 (18.4%)

37,958 (12.6%)

32,380 (14.1%)

36,434 (8.2%)

999 (2.7%)

48,229 (14.4%)

Anxiety disorders

25,652 (1.6%)

3,427 (1.3%)

3,732 (1.2%)

3,831 (1.7%)

7,786 (1.7%)

666 (1.8%)

6,210 (1.9%)

Mood disorders

15,056 (0.9%)

1,866 (0.7%)

2,154 (0.7%)

2,213 (1.0%)

5,073 (1.1%)

310 (0.8%)

3,440 (1.0%)

Deliberate self-harm

4,165 (0.3%)

450 (0.2%)

592 (0.2%)

670 (0.3%)

1,442 (0.3%)

101 (0.3%)

910 (0.3%)

Schizophrenia

3,355 (0.2%)

428 (0.2%)

465 (0.2%)

509 (0.2%)

1,228 (0.3%)

31 (0.1%)

694 (0.2%)

Other mental health
disorders
Alcohol use disorder

4,530 (0.3%)

478 (0.2%)

596 (0.2%)

654 (0.3%)

1,690 (0.4%)

94 (0.3%)

1,018 (0.3%)

18,009 (1.1%)

2,695 (1.0%)

3,545 (1.2%)

3,855 (1.7%)

3,854 (0.9%)

136 (0.4%)

3,924 (1.2%)

Codeine

937,138 (58.3%)

138,103 (53.7%)

118,852 (39.3%)

125,605 (54.8%)

362,588 (81.1%)

11,879 (32.4%)

180,111 (53.7%)

Fentanyl

539 (0.0%)

239 (0.1%)

24-34 (0.0%)

96 (0.0%)

<=5 (0.0%)

<=5 (0.0%)

170 (0.1%)

Hydromorphone

121,458 (7.6%)

22,233 (8.6%)

45,847 (15.2%)

19,479 (8.5%)

2,496 (0.6%)

2,672 (7.3%)

28,731 (8.6%)

Morphine

42,849 (2.7%)

6,247 (2.4%)

10,497 (3.5%)

6,154 (2.7%)

1,420 (0.3%)

4,900 (13.4%)

13,631 (4.1%)

Oxycodone

386,174 (24.0%)

60,000 (23.3%)

99,608 (33.0%)

57,595 (25.2%)

69,552 (15.6%)

15,059 (41.1%)

84,360 (25.1%)

Tramadol

135,192 (8.4%)

32,660 (12.7%)

33,880 (11.2%)

22,309 (9.7%)

14,736 (3.3%)

2,247 (6.1%)

29,360 (8.7%)

Meperidine

3,499 (0.2%)

428 (0.2%)

430 (0.1%)

237 (0.1%)

1,383 (0.3%)

23 (0.1%)

998 (0.3%)

Mental health diagnoses

Type of opioid dispensed
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Variable

Overall,
N=1,607,659

Chronic MSK,
N=257,372

Surgical,
N=302,047

Trauma,
N=229,003

Dental,
N=446,991

Delivery,
N=36,672

Other,
N=335,574

Mean ± SD

39.38 ± 25.88

35.67 ± 27.62

52.23 ± 30.80

38.80 ± 26.71

34.44 ± 17.90

45.29 ± 23.18

37.02 ± 24.42

Median (IQR)

34 (23-47)

30 (17-45)

45 (30-68)

34 (20-47)

30 (23-45)

45 (30-56)

33 (19-45)

0-19 MME

329,898 (20.5%)

79,122 (30.7%)

23,076 (7.6%)

52,831 (23.1%)

88,892 (19.9%)

3,361 (9.2%)

82,616 (24.6%)

20-50 MME

930,841 (57.9%)

128,125 (49.8%)

164,460 (54.4%)

127,087 (55.5%)

300,007 (67.1%)

23,389 (63.8%)

187,773 (56.0%)

>50-90

293,169 (18.2%)

41,481 (16.1%)

89,776 (29.7%)

41,688 (18.2%)

54,128 (12.1%)

8,935 (24.4%)

57,161 (17.0%)

>90-150

48,889 (3.0%)

7,808 (3.0%)

22,029 (7.3%)

6,729 (2.9%)

3,802 (0.9%)

969 (2.6%)

7,552 (2.3%)

>150-200

3,260 (0.2%)

550 (0.2%)

1,897 (0.6%)

413 (0.2%)

102 (0.0%)

13 (0.0%)

285 (0.1%)

>200

1,602 (0.1%)

286 (0.1%)

809 (0.3%)

255 (0.1%)

45-60 (0.0%)

<=5 (0.0%)

187 (0.1%)

Mean ± SD

5.52 ± 5.78

8.70 ± 8.94

4.71 ± 3.54

6.33 ± 6.52

3.89 ± 2.30

3.55 ± 2.49

5.65 ± 6.15

Median (IQR)

4 (3-5)

5 (3-10)

4 (3-5)

4 (3-7)

3 (3-5)

3 (2-4)

4 (3-6)

02-Jan

307,692 (19.1%)

28,628 (11.1%)

50,778 (16.8%)

38,074 (16.6%)

105,258 (23.5%)

11,933 (32.5%)

73,021 (21.8%)

04-Mar

602,086 (37.5%)

65,485 (25.4%)

124,612 (41.3%)

76,958 (33.6%)

200,574 (44.9%)

16,476 (44.9%)

117,981 (35.2%)

07-May

445,871 (27.7%)

72,532 (28.2%)

94,180 (31.2%)

64,441 (28.1%)

122,219 (27.3%)

6,618 (18.0%)

85,881 (25.6%)

10-Aug

133,657 (8.3%)

37,977 (14.8%)

22,507 (7.5%)

24,891 (10.9%)

15,410 (3.4%)

1,278 (3.5%)

31,594 (9.4%)

29-Nov

80,871 (5.0%)

33,695 (13.1%)

8,420 (2.8%)

17,138 (7.5%)

2,835 (0.6%)

277 (0.8%)

18,506 (5.5%)

30+

37,482 (2.3%)

19,055 (7.4%)

1,550 (0.5%)

7,501 (3.3%)

695 (0.2%)

90 (0.2%)

8,591 (2.6%)

251,427 (97.7%)

295,922 (98.0%)

225,894 (98.6%)

446,662 (99.9%)

36,508 (99.6%)

333,690 (99.4%)

Long-acting

1,590,103
(98.9%)
7,150 (0.4%)

3,416 (1.3%)

493 (0.2%)

1,398 (0.6%)

313 (0.1%)

156 (0.4%)

1,374 (0.4%)

Both

10,406 (0.6%)

2,529 (1.0%)

5,632 (1.9%)

1,711 (0.7%)

16 (0.0%)

8 (0.0%)

510 (0.2%)

Concurrent
benzodiazepine
prescription

61,676 (3.8%)

15,493 (6.0%)

9,029 (3.0%)

10,433 (4.6%)

12,309 (2.8%)

212 (0.6%)

14,200 (4.2%)

Concurrent stimulant
prescription

9,251 (0.6%)

957 (0.4%)

1,451 (0.5%)

1,225 (0.5%)

3,973 (0.9%)

35 (0.1%)

1,610 (0.5%)

Average daily dose (MME)

Estimated days' supply

Formulation type
Immediate release
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Variable

Overall,
N=1,607,659
Total physician visits (past year)

Chronic MSK,
N=257,372

Surgical,
N=302,047

Trauma,
N=229,003

Dental,
N=446,991

Delivery,
N=36,672

Other,
N=335,574

Mean ± SD

12.84 ± 14.74

13.70 ± 13.26

18.00 ± 15.97

12.48 ± 15.24

6.59 ± 9.11

26.99 ± 15.55

14.58 ± 16.73

Median (IQR)

9 (4-17)

10 (6-18)

14 (9-22)

9 (5-15)

4 (1-9)

25 (18-33)

11 (6-18)

Incidence rate per 100,000
person-years

85.7/100,000

85.5/100,000

42.0/100,000

128.9/100,000

92.3/100,000

109.3/100,000

84.4/100,000

*Small cells have been suppressed and may include ranges as per ICES data privacy restrictions.
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3.10 Supplement 2. Forest plots of HRs for primary and secondary exposures.
Hazard Ratios with 95% Confidence Limits for Average Daily Dose
at Initiation

Average Daily Dose (MME)

>200

>150-200

>90-150

>50-90

20-50

0.1

1

10

Hazard Ratios

Figure 3. Forest plot with HRs and 95% confidence limits for average daily dose (in MME) on a
base 10 logarithmic scale.
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Opioid Formulation Type

Hazard Ratios with 95% Confidence Limits for Average Daily Dose
at Initiation

Long-acting (LA)

Both

0.1

1

Hazard Ratios

Figure 4. Forest plot with HRs and 95% confidence limits for opioid formulation on a base 10
logarithmic scale.
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10

Hazard Ratios with 95% Confidence Limits for Total Days' Supplied
at Initiation

Total Days' Supply

30+

11 to 29

8 to 10

5 to 7

3 to 4

0.1

1

Hazard Ratios

Figure 5. Forest plot with HRs and 95% confidence limits for total days’ supply on a base 10
logarithmic scale.
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10

Chapter 4
Discussion

4.1 Summary of Key Findings
The objectives of this thesis were to examine population-level patterns of opioid
prescribing among previously opioid naïve individuals who initiated prescription opioid
treatment for non-cancer pain, how these patterns differ by demographic, clinical and opioid
prescription characteristics, and to determine whether a dose-response relationship exists
between average daily dose (in MME) at initiation and time to treated OUD. My thesis confirms
the hypothesis that being prescribed a higher average daily dose at initiation increases the risk of
being treated for OUD.
In objective 1, we provide overall population-level data for demographic, clinical and
prescription characteristics of individuals within the cohort between 2013 and 2016. This
allowed us to describe the population-level patterns in opioid prescribing in Ontario by age, sex,
income, geography, physical co-morbidities, psychiatric diagnoses, health service utilization and
prescription characteristics. Overall, the incidence rate of treated OUD among previously opioid
naïve individuals within the study period was 85.7 cases per 100,000 p-y. The overall median
age of individuals initiating prescription opioids for non-cancer pain was 47 years (IQR 30-61),
52% were female and 88% lived in an urban community setting. A higher proportion of
individuals dispensed doses >50-90 MME, >90-150 MME, >150-200 MME and >200 MME
were male (51.3%, 53.8%, 56.2% and 61.0%, respectively); whereas a higher proportion of
individuals dispensed 0-19 MME and 20-50 MME were female (55.6% and 52.3%,
respectively).
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In objective 2, we conducted primary, secondary and sensitivity analyses using stratified
Cox proportional hazards models. In the primary analysis, we examined all non-cancer pain
adjusting for all possible confounders and determined there a dose response trend exists between
average daily dose at initiation and time to treated OUD. In the secondary analysis, we assessed
whether this dose-response trend existed among individuals who initiated prescription opioids
for chronic MSK pain. Although we did not find the same dose-response result as in the primary
analysis, individuals dispensed higher average daily doses for chronic MSK pain still had greater
risk of OUD, compared to 0-19 MME. We also conducted a sensitivity analysis for the primary
analysis on all non-cancer pain, excluding individuals dispensed >200 MME. Again, we found
similar results as in the primary analysis, confirming our hypothesis that a dose-response
relationship exists between average daily dose at initiation for non-cancer pain and time to
treated OUD.
The results of the manuscript demonstrate that first exposure to prescription opioids plays
an important role in risk of developing an opioid-related addiction. This finding is reinforced by
other scientific studies that demonstrate associations between prescription opioids and opioidrelated morbidity and mortality. The remainder of this discussion will provide a comparison of
findings with relevant literature, examine study validity, strengths and limitations, public health
and policy implications and future research directions.

4.2 Comparison of Findings with Relevant Literature
4.2.1 Studies suggesting low risk of addiction
Four studies were identified that suggested a low risk of addiction associated with
prescription opioids. Medina et al. (1977) conducted a cross-sectional study on 2,369 patients
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with chronic headaches and identified 62 patients taking potentially addictive medications
(opioids or barbiturate-analgesic combinations) for 4 or more days per week for at least 6
months.1 Patients were classified as “abusers” if no symptoms of psychological or physical
dependence were apparent, but the dose they took exceeded by at least 50% the maximum
recommended dose according to the 1975 edition of the Physicians’ Desk Reference. In the
sample, only 23 patients took opioids alone. One of six patients taking propoxyphene and 2 of 15
patients taking codeine were deemed “abusers”. This study has been depicted as providing
empirical evidence of low rate of opioid abuse, based on the observations that only 3 cases of
abuse were identified in a sample of 2,369 patients.
Porter et al. (1980) examined medical records of 39,946 hospitalized patients, of whom,
11,882 (28%) received at least one prescription for an opioid.2 Among those with no history of
addiction, researchers identified addiction in four patients with one of the four having “major”
addiction. The methods of this study lack detail and the definition of addiction used in this study
is not described. Although the description of the study methods is lacking, the report suggests the
conclusions were based on a retrospective review of patient medical records. Additionally, the
conclusions were drawn from medical and psychiatric patients in just 6 hospitals therefore
affecting the generalizability of the study.
Portenoy et al. (1986) conducted a retrospective study of 38 patients who received
specialized care at a pain clinic most commonly for back pain (n=14) or chronic facial,
abdominal, extremity or pelvic pain (n=9).3 Of the patients in the study, 19 (50%) were treated
with opioids for 4 or more years and 6 (16%) were treated for 7 years. The majority of study
patients experienced adequate or partial analgesia and only two patients (both with a history of
substance abuse) displayed aberrant behaviors. It is important to note that two-thirds of study
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patients were maintained on less than 20 mg of intramuscular morphine or equivalent per day.
This contrasts with doses commonly prescribed today, with one study citing that 32.8% of
chronic pain patients in Ontario received more than 200 MME daily.4 Therefore, the effect will
be different among those who receive higher doses in routine clinical practice.
Tennant et al. (1988) conducted a pilot study that involved 52 patients with the majority
having severe pain from arthritis or following trauma or surgery.5 Doses of opioids administered
to patients varied and were used in combination with adjuvant treatments, resulting in adequate
pain control for most patients. The authors indicated that dependence was established in all
patients, however, rates of addiction were not reported and yet this study has been heavily cited
for providing evidence of low rate of opioid-related addiction. Although each of these studies
have been previously interpreted as providing evidence that suggests addiction during chronic
opioid therapy is uncommon, they have also been been criticized for providing “illegitimate”
assessments of actual risk of addiction during chronic opioid therapy and for their lack of causal
evidence.6
4.2.2 Studies suggesting relatively high risk of addiction
Three recent studies suggested a relatively high risk of addiction associated with
prescription opioid treatment. All three studies were specific to CNCP; two studies were
systematic reviews, one study used structured diagnostic interviews. In a systematic review by
Martell et al. (2007), nine studies included in the review examined prevalence of substance use
disorders and aberrant medication-taking behaviors in chronic pain patients receiving opioids.7
Four of these studies found a prevalence of substance use disorder ranging from 3 to 45%.
However, this group of studies were of poor quality (mean quality score of 11 out of 27). Out of
these four studies, the highest quality study found the prevalence of substance use disorders to be
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similar in patients using opioid and not using opioids. The remaining five studies found a
prevalence of aberrant medication-taking behaviors ranging from 5 to 24%. Only 2 studies
included in the review used validated instruments to diagnose a substance use disorder.
Fishbain et al. (2008) conducted a structured review of 24 studies with sample sizes
ranging from 5 to 532 on the development of abuse/addiction in chronic pain patients on
exposure to chronic opioid therapy.8 The mean duration of opioid exposure in these studies was
26.2 months (range from 2-240 months). Over 70% of the studies were retrospective and only
16% excluded patients for current and/or past history of drug abuse/addiction. The authors found
an overall estimate of OUD rate following exposure to opioids of 3.3% in patients with at least 1
month of opioid therapy. Unfortunately, this study did not examine opioid dose as many of the
studies included in the review did not report dose. This review also excluded studies if chronic
pain patients were not maintained on opioids for more than 1 month. Studies where a “weak
opioid” (tramadol) was used were also excluded as the authors suggested it is associated with
little abuse. A recent study, however, found tramadol to be no less likely than other opioids to
result in prolonged use.9
Boscarino et al. (2015) conducted structured diagnostic interviews among 705 randomly
selected patients who were treated at one of nine primary care clinics or three specialty care
clinics.10 The authors defined the outcome using DSM-5 criteria for OUD. The lifetime
prevalence of OUD found in this study was 58.7% for no or few symptoms (<2), 28.1% for mild
symptoms (2-3), 9.7% for moderate symptoms (4-5) and 3.5% for severe symptoms (>6).
Covariates retained in the final adjusted model were selected based on statistical significance
with the outcome. This method of covariate selection unreliable as it may result in inappropriate
inclusions or exclusions in the model.11,12 Other limitations associated with this survey-based
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study include the use of self-reported survey data and low survey completion rate (33%). The
authors conducted a nonresponse analysis which suggested that nonparticipants were most likely
to be male, not married, current smokers, seen in primary care clinicals and less physically ill
than study participants. This means that several demographics were underrepresented, including
males. These limitations affect the external validity of the study.
4.2.3 Other relevant studies
Three additional studies examining the effects of prescription opioids on misuse, opioidrelated overdose and mortality are worth discussion. Brat et al. (2018) quantified the effects of
varying opioid prescribing patterns following surgery on misuse in a cohort of 568,612 opioid
naïve individuals.13 Patients were followed for a median of 2.67 years and identified 183 cases of
misuse per 100,000 person years; in our study, individuals were followed for a median of 3.5
years (1278 days). The authors found the rate of misuse more than doubled among those with
one refill (15.2%) compared to those with no refills (76.2%). Each additional refill increased the
hazard of misuse by 44.0% (95% CI, 40.8% to 47.2%) and each additional week of opioid use
was associated with a 19.9% increase in hazard (95% CI, 18.5% to 21.4%). Data used for the
prior study was extracted from an administrative database at a commercial healthcare company
which only included those with health and pharmacy insurance coverage, therefore the
generalizability of this study is limited to insured adults in the US which may have biased the
results. Individuals were considered opioid naïve if their opioid use within 60 days prior to their
surgery was seven days or less. This definition of opioid naïve is significantly different from our
study where we defined opioid naïve using a 12-month opioid-free period. Additionally, the
outcome definition used for opioid misuse was broad as it included ICD-9 diagnostic codes for
opioid dependence, abuse and overdose. Covariates controlled for in the adjusted models
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included age, sex, US state of residence, surgery type, surgery year, concurrent benzodiazepine
use and binary indicators of presurgical diagnoses potentially related to misuse (bariatric surgery
status, tobacco use disorder, other chronic pain and major depressive disorder). This study did
not control for other psychiatric disorders such as anxiety disorders, alcohol use disorders or
deliberate self-harm which have been demonstrated to increase the risk of misuse.14
Dunn et al. (2010), conducted a retrospective cohort study consisting of 9940 individuals
who received 3 or more prescription opioids for chronic non-cancer pain within a 90-day
period.15 Prescription opioid data was identified using a private health care database which
provides health care on a prepaid basis. Individuals with a prior diagnosis of cancer, except for
non-melanoma skin cancer, were excluded. Individuals were followed for a mean of 42 months
(range <1 to 119 months). 51 opioid-related overdose events were identified using diagnostic
codes from inpatient and outpatient care. The overall rate of overdose was 148 cases per 100,000
person years. Results suggest a dose-response relationship between average daily dose and
overdose; compared to patients who received 1 to 20 MME, patients that received 50 to 99 MME
were at 3.7 times greater risk of overdose (95% CI: 1.5, 9.5) and patients that received ≥100
MME had 8.9 times greater risk of overdose (95% CI: 4.0, 19.7). The authors were able to
control for several possible confounders including age, sex, smoking, depression diagnosis,
substance use disorder diagnosis, index pain diagnosis and chronic disease comorbidity
adjustors. The small number of events in this study did not allow the authors to assess overdose
risk for specific opioids or for long- versus short-acting opioids.
Kaplovitch et al. (2015) conducted a retrospective population-based cohort study in
Ontario to examine sex differences in dose escalation and overdose death during chronic opioid
therapy between 1997 and 2010.16 Prescription records were identified using the ODB database
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which only captures individuals with publicly funded opioid prescriptions. Among Ontarians
who received publicly-funded opioid prescriptions for CNCP for at least 3 months, 1 in 550
patients died of opioid-related causes.16 For those receiving high-dose treatment of ≥200 MME
per day, the proportion was as high as 1 in 32. Of those patients who died of opioid-related
causes, the median time to mortality was 2.6 years from their first opioid prescription (IQR 1.1 to
5.2 years). Findings suggest that men were more likely than women to escalate to high-dose
opioid therapy and more than twice as likely to die of an opioid overdose. We used these results
as a basis to investigate interaction for sex in our study. The authors were able to control for age,
comorbidity, documented alcohol-related disorder and medication use, however, as in our study,
the authors were unable to control for other sources of opioids, including illicit sources. In
summary, limitations of these studies include small samples sizes, inability to control for
potential confounders, ability to distinguish addiction from pseudo addiction and inconsistent
definitions of outcome variables.6

4.3 Study Validity: Methodological Strengths and Limitations
4.3.1 Study strengths
There are several strengths and limitations of this study that should be discussed. Perhaps
the greatest strength is the population-based nature of the study. The use of health administrative
databases allowed us to include all Ontario residents dispensed an opioid between 2013 and 2016
and base our survival estimates on all cases of treated OUD in the province. These databases are
also linkable using unique coded identifiers which allowed us to retrieve and control for a
number of possible confounders otherwise unavailable to studies that utilize private health
insurance databases. In addition, due to the prospective nature of this study and objective

96

measures of exposure and outcome, biases that may be associated with smaller cohort studies
such as selection bias, interviewer bias and recall bias, among others, are limited.
4.3.2 Data quality
It is important to consider the limitations in reliability and validity of data sources used
for administrative data analyses upon interpretation of the results using these data. Health
administrative data captured at the provincial level may be prone to coding and reporting errors.
All data for this study was accessed through ICES which allows linkage of anonymous
population-based health information on an individual patient basis, using unique coded
identifiers.17 Health administrative data are generated through individuals’ encounters with the
health care system and collected for administrative or billing purposes. These data can then be
used to study health care delivery, pharmacy services, drug utilization and drug effects. ICES
databases collect publicly funded health records of all individuals eligible for health care in
Ontario. Currently, the ICES repository includes health service records for 13 million Ontarians,
with most health care records dating back to 1991.
Prescribing and dispensing data are often used to describe drug use and estimate
prescribing. It is important to note that dispensing data reflects drugs dispensed and not
prescriptions written.18 Just as well, dispensing of a drug does not necessarily guarantee
consumption of the medication. Another disadvantage of pharmacy claims data is that drugs
dispensed in the hospital setting (emergency department, inpatient wards, same-day surgery
clinics) are not captured. Rather, central hospital databases or chart review are relied upon to
examine drug utilization in hospital settings. However, with use of the NMS, we were able to
capture opioids prescribed in some of these settings, so long as they were dispensed at
community pharmacies. In terms of data quality, there is evidence that confirms only 0.5%
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missing data for days’ supply or quantity dispensed, and studies have found high agreement
between self-reported use and pill counts or pharmacy claims.19,20
Another strength of using the NMS in this study is that the NMS collects dispensing data
from community pharmacy dispensaries in respect to all dispensed narcotics, controlled
substances and other monitored drugs, regardless of whether the prescription is paid for under a
publicly or privately funded drug program, or by cash.21 Prior to the NMS being established,
pharmacy claims data was often accessed through the Ontario Drug Benefit (ODB) Formulary. A
disadvantage of using the ODB is that it only covers a limited number of prescription drug
products for eligible individuals aged 65 and over, missing a significant proportion of the
population.22
In order to maintain reliable and valid health data, the Canadian Institute for Health
Information (CIHI) conducts annual monitoring and quality evaluation of databases that are
housed at ICES such as NACRS, DAD and OMHRS. CIHI employs an information quality
framework to describe and assess data quality.23 CIHI systems validate data as it is received. If
errors are reported, feedback is relayed back to the supplier of the data to be corrected.
In summary, studies that utilize health care administrative data are efficient as these data
are captured routinely and thus more readily available than primary data collected through
surveys and chart reviews. Limitations of using population-based health administrative data
should be understood, however the strengths of these data allow evidence-informed clinical and
policy decision-making.
4.3.3 Information bias
As discussed above, observational studies rely on the ability to adjust for underlying risk
factors at baseline by accurately classifying confounders and may be compromised to the extent
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that measurement and reporting of conditions coded in claims are misclassified. In our study,
there is evidence of non-differential misclassification as a small number of individuals were
wrongly classified to have been dispensed an opioid for delivery pain. The method of
classification into major pain indications is described in Appendix A. In total, 14 males and
individuals aged 65+ were misclassified as having been dispensed a prescription opioid for
delivery pain. These observations were subsequently removed from the cohort although, it is
possible that observations were misclassified across other major pain groups. The result of this
misclassification may bias effect estimates towards the null. However, the proximity of health
care encounters to opioid dispensing, increases our confidence in our approach for defining
indications associated with opioid initiation.
Individuals may have also been misclassified as opioid naïve when they may in fact have
been recently exposed to opioids. In our study, we hypothesize that some individuals classified in
the >200 MME exposure group may not have been opioid naïve as initiation of opioids at this
level of dose is highly unlikely. For pain indications such as post-surgical pain and trauma,
initiation of opioids at >200 MME is more plausible. Another possible explanation is that
individuals potentially misclassified in the >200 MME exposure group may have recently moved
to Ontario from out of province. To help mitigate potential bias associated with misclassification,
we used a rigorous method to ensure individuals were opioid naïve that involved a look back
period of one year prior to the index date excluding individuals with opioid-related
hospitalizations, ED visits or who had been previously treated for an OUD. Individuals
dispensed an opioid one year prior to their index date were excluded. Individuals previously
diagnosed with a substance use disorder were excluded as it was not possible to determine if the
diagnosis was for OUD or another substance use disorder. However, exclusion of individuals
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with prior substance use disorders may have introduced selection bias. Additionally, individuals
treated for OUD within 90 days following their index date were also excluded.
The complexity of the cohort used to conduct this study should be understood in relation
to information bias. Among those treated for OUD, there are potentially three different groups of
individuals: 1) truly opioid naïve individuals who initiated prescription opioids and were
subsequently treated for OUD, 2) individuals with exposure to illicit opioids within one year
prior to index who initiated prescription opioids and were subsequently treated for OUD, and 3)
individuals with exposure to illicit opioids within one year prior to index who initiated
prescription opioids concurrent with illicit opioid use and were subsequently treated for OUD.
Our intention was to include individuals who were truly opioid naïve prior to initiation of
prescription opioids. However, due to limitations discussed within this chapter, and the inability
to exclude individuals with exposure to illicit opioids, individuals may have had exposure to
illicit opioids prior to, or concurrent with, initiation of prescription opioids. These individuals
may have been included in the study if they did not have a previous opioid-related adverse event
or diagnosis of OUD, and thus not captured within health administrative databases. This would
introduce bias, inflating the effect measures.
4.3.4 Other limitations
Another limitation of our study is the outcome definition that was chosen to identify
OUD. The definition of OUD used in our study was OUD medically treated with methadone or
bup/nx. This was identified using pharmacy dispensing data. This method may be more reliable
in terms of specificity than the use of unvalidated ICD-10 codes; individuals who are dispensed
methadone or bup/nx may also have a more serious OUD. The limitation of using this outcome
definition is it underestimates the true incidence of OUD in Ontario. Additionally, naltrexone is
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also used to treat OUD in Canada, however individuals treated with naltrexone were not included
in this study as it is also commonly used to treat alcohol use disorders. Despite this, because it is
not first line for OUD, it is not expected that we would miss a large number of outcomes with
this limitation.
As we undertook an intention to treat analysis, subsequent opioid prescriptions or the
possible use of illicitly obtained opioids were not considered in the survival times. This is
because the first opioid prescription has been established as a risk factor for opioid-related
morbidity and mortality and our findings reinforce this. There is potential for use of prescription
opioids other than medically prescribed and illicit opioid use to confound the relationship
between exposure to prescription opioids and being treated for an OUD. However, information
regarding possible illicit opioid use within the look-back and follow-up periods was not possible
to obtain. Therefore, it is possible that effect estimates could be inflated due to uncontrolled
confounding. It is also possible that individuals prescribed higher doses may be more likely to
deviate from the medically prescribed use of their prescription and be at greater risk for OUD.24
Additionally, the follow-up time in this study may also be considered a limitation, as we
hypothesize that longer follow-up may result in more outcome events, as evidenced by the KM
curves.

4.4 Public Health and Policy Implications
Despite this study’s limitations, our findings provide evidence to support relatively
higher average daily doses at initiation of prescription opioid therapy for non-cancer pain are
associated with increased risk of treated OUD. Our results highlight the importance of adhering
to clinical prescribing guideline recommendations when weighing the risks and benefits of
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initiating opioid therapy for non-cancer pain with consideration of dose, duration and
formulation.
Canada has faced years of opioid overprescribing that has contributed significantly to the
harms of the opioid epidemic. Over the past few years, several major initiatives have been
implemented in Ontario to mitigate some of the potential harmful risks associated with opioid
use and assist in surveillance and monitoring of opioid prescribing. In 2012, The Narcotic
Monitoring System (NMS) was implemented to collect information from dispensers about all
prescribed monitored drugs dispensed to people in Ontario. In 2016, a province-wide opioid
strategy was launched, which included publicly-funded naloxone distribution programs, needle
exchange programs and fentanyl patch-for-patch return program. In 2018, the Ministry of Health
and Long-Term Care (MOHLTC) began accepting applications for overdose prevention sites to
support harm reduction services, and the Ontario Drug Policy Research Network (ODPRN)
launched the Ontario Prescription Opioid Tool which collects data from the NMS to assist in
monitoring opioid prescriptions across Ontario. Health Quality Ontario (HQO) has launched an
opioid strategy that includes evidence-based quality standards, increased capacity for quality
improvement, measurement and reporting on variations in quality while engaging with partners.
Other provinces in Canada have developed and implemented similar initiatives.
Adherence to prescribing guidelines and provision of substitution therapy are needed to
avoid excessed and prolonged use of opioids in patients when these agents may produce more
harm than benefit and decrease levels of opioids circulating in our communities, thereby
reducing morbidity and mortality. Improving opioid prescribing through training, education and
clinical practice guidelines can ensure patients receive access to safe, effective pain treatment
while reducing the risk of OUD.25 Still, we must look for unintended harms in reducing medical
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supply of opioids given the presence of highly potent, unregulated opioids in the community.
Sudden or abrupt changes could result in the increased use of illicit drugs as those dependent on
opioids try to avoid withdrawal, including illicit heroin and fentanyl. If suddenly cut-off from
their medical supply, those with existing OUDs could lose tolerance and be at-risk of overdose or
death. Therefore, comprehensive public health approved prevention, treatment and harm
reduction strategies that target non-medical opioid use, are also necessary. Harm reduction
approaches may include but are not limited to education regarding safer use of sterile syringes
and needles and other applicable substance-use equipment; increased access to sterile syringes,
needles and other supplies; increased access to take-home naloxone kits, and; increased access to
supervised consumption sites, among others.
Despite recent progress in policy intervention, several challenges may inhibit the
implementation of relevant health and drug policies, including a lack of central coordination
between agencies necessary to adopt, implement, evaluate and continuously improve policy
measures. This may result in delayed and disjointed efforts to bring the opioid epidemic under
control. A public health crisis of this magnitude calls for a robust response from federal,
provincial and territorial governments with focused, integrated, long-term intervention plans.
There is a need for decisive action and implementation of evidenced-based health policy. As
with any policy intervention, the policy cycle (Figure 1) should be followed – from problem
identification, to policy evaluation and improvement – in order to monitor and measure policy
outcomes using indicators for performance management and continuous quality improvement
principles.
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I. Problem
Identification

VI. Policy Maintenance,
Succession, or
Termination

II. Policy Analysis

V. Policy Evaluation

III. Strategy and Policy
Development

IV. Policy
Implementation and
Monitoring

Figure 1. Health policy process adapted from the heuristic policy cycle.26

4.5 Future research directions
This is the first population-based study to examine the effect of prescription opioid dose
at initiation and risk of treated OUD among previously opioid-naïve individuals in Ontario using
administrative health and pharmacy data. As previously mentioned, we did not consider the
effects of subsequent opioid prescriptions on the risk of being treated for OUD. Future research
may be conducted to determine how continued prescription opioid use affects the risk of being
treated for OUD. Additionally, evidence suggests that OAT is a protective factor for opioidrelated mortality. It may be clinically relevant to examine the association between OAT and
opioid-related death, compared with individuals who did not receive OAT, at the population
level.
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Appendix A. Process for classifying pain indications and their descriptions

Cohort A

Cohort C

Dentist
prescription

Using MAIN diagnosis from healthcare record that led to index opioid prescription

Dentist-prescribed
dental Pain

Evidence of palliative
care in past year

Palliative
Evidence of cancer
diagnosis or treatment
in past year

Cancer

Using ICD-10 procedure codes on healthcare
record that led to index opioid prescription

Cohort B
Physician-prescribed
dental pain

Caesarian section
Non-surgical
deliveries
Hernia repair surgeries

Knee, hip, shoulder
surgeries
Common excisions
Other surgeries

Fractures and major trauma
Dislocations, sprains, strains
Burns, wounds, and
superficial trauma
Other trauma

Back pain

Joint and muscle pain
Nephrolithiasis and
cholecystitis
Headache and migraine
Infection
Eyes, ears, nose, and throat
pain
Abdominal/pelvic pain
Chest pain
Other pain

Legend
Cohort that has not yet been assigned to an
apparent clinical indication
Cohort allocated to a specific clinical indication
Allocation to an apparent clinical indication
Continuation of cohort not yet allocated to
an indication onto next hierarchical step

No records
found

Diagnosis not a plausible
indication for opioids

Unknown

Figure A1. Hierarchical approach for classifying pain indications. Reproduced with permission
from Sachin P V., Tadrous M, Khuu W, et al. Clinical indications associated with opioid
initiation for pain management in Ontario, Canada. Pain. 2018;159(8):1562-1568.
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Figure Summary: Cohort A represents the entire cohort of individuals that met
inclusion/exclusion criteria. In step one, these individuals were classified into the three clinical
indications (dentist-prescribed dental pain, cancer, or palliative care) based on the licensing
college of the provider (i.e. being a dentist), or evidence of cancer or palliative care in the year
preceding opioid initiation. All individuals not classified into these indications made up Cohort
B. Individuals in Cohort B were allocated into procedure-specific diagnosis codes (e.g.
Caesarean section) based on procedure codes in recent healthcare records (as described above).
All individuals that could not be classified based on procedure codes made up Cohort C.
Individuals in Cohort C were allocated based on diagnosis codes into either previously created
procedure-specific diagnosis codes (e.g. physician-prescribed dental pain) or newly created
diagnosis codes (e.g. fractures and major trauma). All individuals still not classified (i.e. no
recent healthcare record found, or record found with procedure and diagnosis codes that would
not likely warrant an opioid prescription) were categorized as Unknown.
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Table A1. Pain indication descriptions. Reproduced with permission from Sachin P V.,
Tadrous M, Khuu W, et al. Clinical indications associated with opioid initiation for pain
management in Ontario, Canada. Pain. 2018;159(8):1562-1568.
Indication
Dentist-prescribed dental
pain
Physician-prescribed
dental pain
Cancer

Hernia repair
Knee, hip, and shoulder
surgery

Common excision

Caesarean section
Other surgery

Description of inclusion criteria
Individuals with prescriptions from dentists.
Individuals with procedure or diagnostic codes relating to:
• Teeth
• Gingiva
Individuals with cancer treatment or diagnosis in the 12 months
prior to index prescription; evidenced by record of (any of the
following):
• Cancer diagnosis database
• Cancer clinic visit
• Physician billing record, OR
Individuals with procedure or diagnostic codes (in the 5 days
prior to or on index prescription date) relating to:
• Malignant neoplasms
Individuals with procedure code related to hernia repair.
Individuals with procedure codes related to surgeries of the:
• Knee (e.g. repair of the joint, ligament, or patella; device
implantation; excisions of meniscus or joint)
• Hip (e.g. repair of the joint; fixation of the joint or pelvis,
device implantation; reduction)
• Shoulder (e.g. repair of the joint or rotator cuff; fixation
of the joint, clavicle, or scapula; excision)
Individuals with procedure codes related to excisions of the:
• Gallbladder
• Appendix
• Tonsils and uvula
• Nasal cartilage and sinuses
• Reproductive organs (e.g. uterus, ovary, fallopian tubes,
prostate, testis)
Individuals with Caesarean section as their procedure code.
Individuals with procedure codes related to:
• Bypass, occlusions, dilations
• Repairs and excisions of the skin (including prepuce),
gastrointestinal tract, veins, breast
• Fixations and reductions (of bones or joints other than
the knee, hip, and shoulder)
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•

Chronic back pain

Chronic joint and muscle
pain

Fracture and major trauma

Dislocations, sprains,
strains
Burns, wounds, and
superficial trauma

Other trauma

Nephrolithiasis/
cholecystitis
Headache and migraine
Infection

Device implantations (e.g. cochlear implant, central
venous catheters), OR

Individuals with diagnosis codes related to:
• Surgical prophylaxis or follow-up
Individuals with diagnostic codes related to:
• Dorsalgia or lumbar strains
• Intervertebral disc disorders
• Spinal deformities (e.g. scoliosis, kyphosis, lordosis)
• Spondylopathies (e.g. ankylosing spondylitis)
Individuals with diagnostic codes related to:
• Joint pain and inflammation (arthralgia, arthritis)
• Muscle disorders (cramps, pain, masses, inflammation)
• Osteoporosis, connective tissue disorders, congenital
bone malformations
Individuals with diagnostic codes related to:
• Fractures
• Crushing injuries and traumatic amputations
Individuals with diagnostic codes related to joint dislocations,
ligament sprains, and muscle strains.
Individuals with diagnostic codes related to:
• Burns (including corrosion and sunburns)
• Wounds (e.g. open wounds, lacerations)
• Abrasions and bruises
• Dermatological ulcers, dermatitis, psoriasis, etc.
• Nail disorders (e.g. ingrown nails)
• Non-specific superficial injury
Individuals with diagnostic codes related to:
• Concussions and head injuries
• Foreign bodies
• Internal organ injuries
• Birth trauma
• Non-specific injuries
Individuals with diagnostic codes related to kidney or gallstones.
Individuals with diagnostic codes related to headache or
migraine.
Individuals with diagnostic codes related to:
• Viral disease (e.g. Herpes Zoster, infectious cysts)
• Bacterial disease (e.g. Cellulitis, infectious diarrhea,
pneumonia)
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Eyes, ears, nose, and
throat pain

Abdominal and pelvic
pain

Chest pain

Non-surgical deliveries

Other pain

Unknown

• Parasitic disease
Individuals with diagnostic codes related to:
• Inflammation of nose and throat (e.g. nasopharyngitis,
tonsillitis, sinusitis)
• Inflammation of ear and eye (e.g. otitis externa, otitis
media, conjunctivitis, keratitis)
• Nasal disorders (e.g. polyps, deviated septum)
• Painful thyroid disorders (e.g. goiter)
Individuals with diagnostic codes related to:
• Unspecified abdominal and pelvic pain
• Hernias (not treated by surgical repair)
• Inflammations of internal organs (e.g. appendicitis,
diverticulitis, gastritis, prostatitis, cervicitis)
• Nausea and vomit
• Menstruation
• Renal failure, obstructive uropathy, other urinary tract
disorders
• Cysts and fissures (e.g. ovarian cysts, anal fissures)
Individuals with diagnostic codes related to:
• Unspecified chest pain
• Heart conditions (e.g. heart failure, myocardial
infarction, heart blocks)
• Breast pain or masses
• Lung conditions (e.g. bronchitis, pulmonary fibrosis,
pulmonary embolism)
• Oesophageal conditions (e.g. esophagitis, ulcers)
Individuals with procedure or diagnosis codes related to:
• Labour/delivery (normal or with complications)
• Antepartum or postpartum
• Stillbirths or abortions
Individuals with diagnostic codes related to:
• Haemorrhoids
• Non-infectious skin disorders
• Benign neoplasms of non-specific origin (e.g. lipoma)
• Painful vascular disease (e.g. intermittent claudication,
Raynaud’s disease, peripheral vascular disease)
• Unclassified pain
Includes individuals with no record found in 5 days prior or on
index prescription date, OR
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Individuals with record but diagnosis code that would not
normally warrant an opioid prescription including:
• Anxiety, counselling
• Psychiatric disorder (e.g. dementia, delirium)
• Hypertension, obesity, diabetes, shortness of breath
• Haematological, chronic obstructive pulmonary disorder
• Family planning and infertility
• Laboratory testing
• Routine medical care (including immunizations)
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