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RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
Abstract:
Rising rates of opioid-related morbidity and mortality have caused policymakers to declare opioid
use a public health emergency (Heath Canada, 2017). Provinces have responded with multiple
interventions. Here, I analyze the consequences of two supply-side interventions: 1) restricting
access to a particular opioid through changes to the provincial formulary rules, and 2) replacing
commonly abused drugs with tamper-deterrent formulations. To examine whether potential
patients forgo opioid use altogether or substitute to other forms of opioids, I exploit variation in
the regulation of the long-acting pain medication OxyContin and the introduction and regulation
of OxyNeo, a tamper-deterrent reformulation of OxyContin introduced around 2012. Based on an
original database identifying the dates that eight provinces listed OxyNeo and restricted the use of
OxyContin and OxyNeo, I identify the effects of these supply-side restrictions on the rate of opioid
poisoning hospitalizations. I find no effect on opioid poisoning hospitalizations from any of these
restrictions. In additional analyses, I provide suggestive evidence that these hospitalizations do not
decline in response to the supply-side interventions because consumers respond by using other
legal or illegal opioids. These results suggest that supply-side restrictions on one particular drug
without the introduction of other complementary interventions are insufficient to reduce negative
opioid use outcomes.
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RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
I.

Introduction:
In 2016, there were over 2,800 opioid deaths in Canada and over 64,000 in the United

States (GCDP, 2017). Two-thirds of drug overdose deaths in the United States involve an opioid
(CDC, 2017). Between 1999 and 2017, the number of opioid-related deaths increased fivefold.
Over the same period, the prescribing of opioids increased fourfold. Canada and the United States
are the largest per-capita opioid consumers globally (GCDP, 2017). To put this in perspective,
annually there is one opioid prescription written for every two Canadians (Robertson & Howlett,
2017). In response, Canadian provinces have declared the “Opioid Crisis” a public health
emergency and have responded by limiting access to prescription opioids (Health Canada, 2017).
In this paper, I study the efficacy of two types of supply-side restrictions on prescription opioids
at reducing negative opioid use outcomes. I analyze the effect of 1) restricting access to a particular
opioid through changes to the provincial formulary rules, and 2) replacing commonly abused drugs
with tamper-deterrent formulations on opioid poisoning hospitalizations.
Extensive use of prescription analgesic opioids has come with substantial societal costs.
Approximately 75% of opioid addictions begin with prescription opioid use as directed by a
physician (Cicero, Ellis, Surratt & Kurtz, 2014). Diversion of prescription drugs is also cause for
concern. For example, scholars have found that increasing the availability of opioids for Medicareeligible individuals by 10% increases substance abuse treatment admissions by 7.4% and opioidrelated mortality by 10% among people who are not eligible for Medicare (Powell, Pacula, &
Taylor, 2015). This suggests that prescription opioids are being diverted for illicit use. In fact,
Powell et al. (2015) suggest that prescription opioid diversion explains 73% of the growth in
overdose deaths between 2000 and 2011 in the United States. In response, public health authorities
have introduced policies that reduce the supply of prescription opioids. Examples include tamper-
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resistant forms, prescription limits (rules limiting prescribed doses to less than a certain daily
morphine equivalent), and prescription drug monitoring programs (electronic databases that allow
prescribers and dispensers to survey a patient’s previous prescriptions).
The intuition underlying these policies is that reducing supply will reduce harmful use.
However, in the face of restrictions on any single opioid, there may be a substitution to other
opioids. To assess whether people forgo opioid use or substitute to other opioids in the face of
drug-specific reformulations and restrictions, I analyze a policy experiment related to the
introduction of a new opioid in Canada.
Before 2012, the opioid OxyContin (the long-acting version of oxycodone) accounted for
30% of opioid prescriptions and 30%-50% of opioid misuse in Canada (Fischer, Vojtila, &
Kurdyak, 2017). Some provinces responded to the risks of OxyContin by restricting it. In 2012, as
the Canadian patent on OxyContin ended, Purdue Pharma replaced OxyContin with a tamperdeterrent formulation, called OxyNeo in Canada. This substitution occurred two years after Purdue
made a similar substitution in the United States. Provincial drug plans responded to this
reformulation by severely restricting or delisting OxyNeo from their formularies citing concerns
around historically high rates of OxyContin misuse (CADTH, 2015). These restrictions on
OxyContin and OxyNeo limited access to opioids and constituted a supply-side intervention. The
timing of the restrictions varied by province.
I exploit this temporal variation in the coverage of OxyNeo by provincial drug formularies
to identify the causal effect of reducing the supply of opioids on opioid misuse. This policy
experiment allows me to assess the efficacy of a previously unstudied supply-side drug
intervention. I use opioid poisoning hospitalizations as a measure of a negative opioid use
outcome. Opioid-related hospitalizations likely give a fuller measure of the consequences of
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excessive opioid use than mortality given that opioid-related deaths are comparatively rare (Unick
& Ciccarone, 2017). I study both the effects of the reformulation of OxyContin and the
introduction of OxyNeo and the regulation of both forms of the drug on provincial formularies.
The formulary restrictions I study only apply to those who receive coverage under public drug
plans (CADTH, 2015). Individuals who receive coverage under private drug plans may still access
and receive coverage for a drug that is not listed on a provincial formulary if the private provider
chooses.
With a more limited dataset, I am able to further assess the role of substitution in response
to supply-side restrictions. Using data for Ontario, which records opioid mortality by drug, I test
the relationship between the supply restrictions discussed above and mortality related to specific
opioid drugs.
I find no change in opioid poisoning hospitalizations when provincial formularies restrict
oxycodone products. This includes the effects of 1) restricting OxyContin, 2) restricting OxyNeo,
and 3) the replacement of OxyContin with OxyNeo. Moreover, testing the same interventions in
Ontario alone, I find statistically significant increases in the rates of fentanyl, hydrocodone,
hydromorphone, and morphine related deaths in the period following OxyNeo’s removal from
Ontario’s provincial drug formulary. The increase in the rates of death related to substitute opioids
when OxyContin and OxyNeo are restricted suggests that the finding of no effect is being driven
by consumers substituting to other opioids when the supply of one particular opioid is restricted.
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II.

Background:

OxyContin and the Opioid Crisis:
The “Opioid Crisis,” as it is known today, is commonly traced to the introduction of
OxyContin by Purdue Pharma in 1992 (Robertson & Howlett, 2016; Ubelacker, 2017). OxyContin
is a slow release pain medication sold at the time as a safer and non-addictive alternative to
previous opioid therapies. In Ontario alone, the rate of oxycodone prescribing grew by 850%
between 1991 and 2007 (Dhalla et al., 2009). Despite the claims of its manufacturer, Purdue
Pharma, OxyContin is highly addictive (Keefe, 2017). This resulted in a series of lawsuits against
Purdue Pharma. In response, OxyContin was removed from the marketplace in March 2012 and
replaced with a tamper-deterrent formulation called OxyNeo (Patented Medicine Prices Review
Board, 2014). OxyNeo is the same medication as OxyContin but is more difficult to crush and
forms a gel when added to water. These features prevent manipulating the medication to release
the drug immediately in order to produce a euphoric high. There is nothing to prevent an individual
from misusing OxyNeo by simply taking more of the drug.
In response to the reformulation, many provincial drug plans placed substantial restrictions
on OxyNeo, citing concerns of historically high OxyContin use (CADTH, 2015). The view of
policymakers was that making prescription opioids less accessible would correct for the high rates
of abuse and misuse of the pain medications at the time (For example see Province of Manitoba,
2010; Nova Scotia Health and Wellness, 2012). While a reduction in the prescribing of oxycodone
products did occur, the overall quantity of opioids dispensed remained largely unchanged (Gomes
et al., 2017). Just after reformulation, illicit and highly potent fentanyl started becoming available
in Canada, potentially amplifying the crisis (Robertson & Howlett, 2017).
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Provincial Formulary Coverage of OxyNeo:
The response to OxyNeo’s introduction varied by province. I develop an original database
that determines the timing and nature of provincial formulary restrictions on oxycodone products
(OxyContin, OxyNeo, and generics) from the second quarter of 2007. I present this in Appendix
1. Most provinces follow a similar pattern of coverage. OxyContin required some special
authorization prior to March 2012 and then, upon reformulation, OxyNeo was only available to
cancer and palliative care patients. There are three notable exceptions to this pattern. Alberta never
places restrictions on OxyContin or OxyNeo and lists it as a full benefit throughout the study.
Manitoba restricts OxyContin to cancer patients and patients with specific chronic conditions in
2010 prior to reformulation. This restriction extends to OxyNeo. Saskatchewan lists OxyContin as
a full benefit prior to March 2012 and then restricts the drug to cancer and palliative care patients
post-reformulation.
Unlike in the United States, where the Federal Drug Administration banned generic
versions of OxyContin (Wilson, 2013), Health Canada did approve generics1(Gomes et al., 2018).
Nova Scotia and Quebec were the only two provinces that elected to cover generic forms. This
should not negatively affect my results, as Quebec does not report in my dataset and Nova Scotia
constitutes a small number of the recorded hospitalizations.

III.

Relevant Literature:
Research related to my question follows three major strands. The first addresses the

conditions that affect opioid dispensing and use. The second addresses how crime responds to

1

In 2015, however, the federal health minister announced that all oxycodone products would
need to be tamper-deterrent within three years (Ivison, 2015).
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prescription opioid restrictions. The third addresses the efficacy of policy interventions on misuse
and how consumer substitution between opioids limits the effectiveness of policies that seek to
reduce opioid misuse. Many of the relevant papers use the term opioid “misuse.” This is because
many use data from the National Survey of Drug Use and Health (NSDUH)2. This survey uses the
terms “substance use” and “substance misuse.”
The first strand of the existing literature has measured the effect macroeconomic conditions
have on opioid use and dispensing. Economic downturns, measured as the rate of unemployment,
are accompanied by an increase in opioid-related hospitalizations and opioid use (Hollingsworth,
Ruhm, & Simon, 2017; Carpenter, McLellan, Rees, 2017). Carpenter et al. (2017), who control
for individual characteristics, suggest that the increase in opioid use during economic downturns
is driven by white males with low levels of education.
The second strand of the existing literature studies the effect prescription opioid restrictions
have on crime. Mallatt (2017) uses the implementation of prescription drug monitoring program
databases to measure the effect of decreasing the availability of opioids on heroin-related crime
rates. Given that heroin is an inexpensive substitute for prescription opioids (see for example
Cicero and Ellis, 2015), one might expect a decrease in the availability of opioids due to a policy
intervention to increase heroin demand and thus increase heroin-related crime. Mallatt (2017) finds
that prescription drug monitoring programs caused an 8% drop in oxycodone shipments and 87%
increase in heroin-related crime in the most opioid dense counties.

2

This American survey is administered by the Substance Abuse and Mental Health Services
Administration. Seventy-thousand people are randomly selected for an in-person interview
across all states and the District of Columbia, and responses are confidentially recorded.
Interviewees are asked about their drug use in the past month and year, about their mental health,
and about mental health services accessed in the last year. No equivalent survey exists in
Canada.
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The third strand assesses the efficacy of public policy responses. There are two types of
drug policy responses discussed in the literature: demand and supply-side. Safe injection sites and
addiction treatment are examples of demand-side interventions. Any policy that attempts to reduce
the availability of a drug is considered a supply-side intervention. Examples of supply-side
interventions include tamper-deterrent formulations, prescription limits (rules limiting prescribed
doses to less than a certain daily morphine equivalent), and prescription drug monitoring programs.
Prescription drug monitoring programs are costly and have attracted substantial research attention
(Meara et al., 2016; Buchmueller & Carey, 2017; Mallatt, 2017). No consensus has emerged as to
their efficacy at reducing negative opioid use outcomes. Tamper-deterrent formulations, like
OxyNeo, have been found to be ineffective at reducing negative opioid use outcomes (Alpert,
Powel, & Pacula, 2017; Evans, Lieber, & Power, 2017). Studies that examine the reformulation
of OxyContin in the United States find a post-reformulation reduction in OxyContin misuse
accompanied by a strong substitution toward heroin. More importantly, they find no reduction in
net mortality. These findings suggest that consumer substitution toward heroine undid the effect
of any reduction in the misuse of OxyContin.
I study the effect of the reformulation of OxyContin itself on opioid misuse, as has been
done in the literature to date, but my focus is on measuring the effect of eliminating coverage for
oxycodone products from public drug plans. This has not been studied to date. Since some
provinces freely substitute coverage of OxyContin for OxyNeo in their formularies, my experiment
offers a more accurate representation of how negative opioid use outcomes respond to opioid
availability than studies that examine tamper-deterrent formulations alone.
The OxyContin reformulation and opioid prescribing more generally has also been studied
in the medical literature. For example, Butler et al. (2013) find declines in oxycodone misuse post-
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reformulation in the United States. Fischer, Jones, and Rehm (2014) find reductions in oxycodone
dispensing post-reformulation in Canada. A widely cited paper by Cicero and Ellis (2015) reports
the results of a structured survey of patients with an opioid use disorder. They report anecdotal
evidence of individuals substituting to other opioids after the introduction of tamper-deterrent
oxycodone in the United States. A number of studies link an increase in opioid dispensing in a
region with an increase in opioid-related mortality (see for example Fischer et al., 2013a; Fischer
et al., 2013b). Other studies have examined how dispensing and prescribing changes in the
presence of policy interventions (See for example Gomes et al., 2017; Fischer, Jones, & Rehm,
2014). Gomes et al. (2017) use a time-series approach to study the introduction of OxyNeo in
Canada. They find that after the introduction of OxyNeo, oxycodone dispensing fell by 46.4% but
hydromorphone (a substitute, long-acting pain medication) dispensing increased by 47.8%. Their
findings not only support the consumer substitution found in other papers but also suggest a
substitution on the part of prescribers. Addressing this latter finding is beyond the scope of this
paper.

IV.

Data:
I use opioid poisoning hospitalizations to measure a negative opioid use outcome. I use

data from the Discharge Abstract Database managed by the Canadian Institute for Health
Information. This data is publically available for all provinces excluding Quebec at the annual
level. As the result of a custom data request, I use data reported by province and by calendar
quarter. My observations range from the second quarter of 2007 to the first quarter of 2017. Only
confirmed hospitalizations identified by ICD-10-CA codes T40.0 to T40.4 and T40.6 in acute care
facilities are counted. T40.0 measures poisoning due to opium. T40.1 measures poisoning due to
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heroin. T40.2 measures poisoning due to “other opioids” such as codeine or morphine. This
category includes oxycodone products. T40.3 measures poisoning due to methadone. T40.4
measures poisoning due to “other synthetic narcotics.” T40.6 measures poisoning due to “other
and unspecified narcotics.” The coding of a diagnosis is based on a patient’s chart documentation.
There is the potential for human error. The data only accounts for treatment in acute care settings
and does not account for treatment in other settings. Thus, any results are likely attenuated.
Observations less than five are suppressed, requiring me to drop Prince Edward Island from my
analysis. I also drop the aggregate “Territories” series given recent data limitations in Nunavut.
Eight provinces remain and are used in my analysis: Alberta, British Columbia, Manitoba, New
Brunswick, Newfoundland and Labrador, Nova Scotia, Ontario, and Saskatchewan. I report
summary statistics by province in Table 1. I also report summary statistics pre and post-OxyNeo’s
introduction in Tables 2 and 3. I plot the log of hospitalizations by province in Figure 1. The
vertical line indicates the introduction of OxyNeo in quarter 1 of 2012.
To measure mortality by drug, I use publically available data from Public Health Ontario.
It is based on the Ontario Opioid-Related Death Database published by the Office of the Chief
Coroner for Ontario. Deaths “where an opioid was present at death” from 2005 to 2016 are
recorded (Public Health Ontario, 2018, p.2). Inclusion does not necessarily imply it contributed to
the death. Mortality due to codeine, fentanyl, heroin, hydrocodone, hydromorphone, methadone,
morphine, and oxycodone are recorded separately. Data are reported as a count per year and is
geocoded to the Public Health Unit and Local Health Integration Network where the decedent
resided. The level of aggregation is at the Public Health Unit and Local Health Integration Network
level. I increase this to the provincial level. Poly-drug deaths are recorded in multiple categories.
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Deaths in which heroin and morphine were both present are coded solely as heroin deaths. I present
a line graph of the data in Figure 2. The vertical line indicates the year of OxyNeo’s introduction.

V.

Methods:
I begin by determining whether the introduction of OxyNeo affected the rate of opioid

poisoning hospitalizations per quarter. All specifications measuring hospitalizations use data from
the Discharge Abstract Database. I undertake two break-point tests. In the first test, I assess if the
introduction of OxyNeo resulted in a level shift in opioid poisoning hospitalizations. I estimate the
following specification:

(

)

log hosppt = β1 + β2neot + β3t + φp + γ pt + ε pt

(1)

where hosppt is the count of opioid poisoning hospitalizations in province p and quarter t. neot is
an indicator variable that is coded 1 after OxyNeo is introduced in the first quarter of 2012 and 0
before the first quarter of 2012. t is the time trend. φp is a full set of province fixed effects. γpt is a
full set of quarterly fixed effects by province. I estimate this specification using a feasible
generalized least squares regression permitting each province to follow a distinct first-order
autoregressive model. Reported standard errors are corrected for serial correlation in this fashion.
The coefficient of interest is β2 and can be interpreted as the percentage change in opioid poisoning
hospitalizations per quarter associated with OxyNeo’s introduction. If the effect of OxyNeo’s
introduction in Canada reflects the effect in the United States, we should expect this coefficient to
be statistically equivalent to zero.
In the second test, I assess if the introduction of OxyNeo resulted in a trend break for opioid
poisoning hospitalizations per quarter. I estimate the following specification separately for each
province:
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(

)

(

)

log hospt = β1 + β2t + β3 t − 2012 × DNeo + ε t

(2)

where hospt is now the count of opioid poisoning hospitalizations in quarter t. t is the time trend.
DNeo is an indicator variable that is coded 1 after OxyNeo is introduced in the first quarter of 2012
and 0 prior to the first quarter of 2012. I estimate this specification using an ARIMA regression
that permits the province to follow a first-order autoregressive model. Reported standard errors are
corrected for serial correlation in this fashion. The coefficient of interest is β3 and can be interpreted
as the percentage change in the rate of opioid poisoning hospitalizations per quarter associated
with OxyNeo’s introduction. If the effect of OxyNeo’s introduction in Canada reflects the effect
in the United States, we should expect this coefficient to be statistically equivalent to zero.
I proceed by determining the effect of provincial formulary restrictions on oxycodone
products. I exploit the variation in the timing of oxycodone restrictions across provinces to identify
the causal effect of the formulary restrictions. I estimate the following difference-in-differences
specification:

(

)

log hosppt = β1 + β2restrict + β3t + φp + ε pt

(3)

where hosppt is the count of opioid poisoning hospitalizations in province p and quarter t. restrict
is an indicator variable that is coded 1 if oxycodone products are restricted on a province’s
formulary and 0 if oxycodone products are available as a full benefit (i.e. not restricted). This
indicator variable is based on my original data set of formulary restrictions in Canada. t is the time
trend. φp is a full set of province fixed effects. I estimate this specification using a feasible
generalized least squares regression permitting each province to follow a distinct first-order
autoregressive model. Reported standard errors are corrected for serial correlation in this fashion.
β2 is the coefficient of interest and the difference-in-differences estimator. It can be
interpreted as the causal effect of introducing formulary restrictions on opioid misuse measured as
11
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the percentage change in opioid poisoning hospitalizations per quarter. The identifying assumption
is that in the absence of oxycodone restrictions on the provincial formularies, differences across
provinces would have continued along the same trends.
I show that my results are robust to alternative oxycodone product restriction dates.
Specifically, I separately test if moving the restriction date later in British Columbia (Equation 4),
Ontario (Equation 5), and New Brunswick, Nova Scotia, and Newfoundland & Labrador (Equation
6) affects the estimates in Equation 3. This testing is largely done to account for assumptions made
early in the study period for the original database of formulary restrictions.
To provide suggestive evidence of consumer substitution, I use mortality data from the
Ontario Opioid-Related Death Database and undertake a statistical breakpoint test. I test for a trend
break in the annual mortality measure by opioid at the year of OxyNeo’s introduction. I estimate
the following specification separately for each of the opioids measured:

(

)

deatht = β1 + β2t + β3 t − 2012 × DNeo + ε t

(7)

where deatht is the count of deaths involving the particular drug in year t. t is the time trend. DNeo
is an indicator variable that is coded 1 after OxyNeo is introduced in 2012 and 0 before 2012. I
estimate this specification using an ARIMA regression that permits the trend of deaths related to
the particular opioid to follow a first-order autoregressive model. Reported standard errors are
corrected for serial correlation in this fashion. The coefficient of interest is β3. Statistically
significant positive coefficients indicate that deaths related to the particular opioid increased after
the introduction of OxyNeo. This method suffers from a substantial temporal aggregation problem
as treatment is at the monthly level but data is only available yearly.
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VI.

Results:
First, I provide evidence that the introduction of OxyNeo itself did not reduce opioid

misuse in Canada. Second, I provide evidence that formulary restrictions on oxycodone products
do not have a causal effect on opioid misuse. Third, I conduct a sensitivity analysis to ensure my
results are robust to alternative oxycodone product restriction dates. Finally, I provide suggestive
evidence that my findings are driven by consumer substitution to other opioids.

The Effect of OxyNeo’s Introduction:
I show graphically that the introduction of OxyNeo did not appear to affect opioid
poisoning hospitalizations. Figure 1 plots the log of quarterly opioid poisoning hospitalizations by
calendar quarter for the eight provinces I study. The vertical line denotes the date of OxyNeo’s
introduction to the Canadian market. The trend appears constant on either side of the line. If
OxyNeo’s introduction had an effect, we would expect a change in the slope or a level break in
the trend at the vertical line. This is not evident.
To formalize this graphical analysis, I estimate Equation 1 and Equation 2. I report
coefficient estimates and standard errors in Tables 4 and 5 respectively. In Equation 1, the
coefficient indicating the sign and magnitude of the level shift in the percent change in
hospitalizations due to OxyNeo’s introduction is statistically equivalent to zero. As observed
graphically, there is no level shift in opioid poisoning hospitalizations due to OxyNeo’s
reformulation. I estimate Equation 2 once per province. In all provinces, the coefficient indicating
the sign and magnitude of the trend break at the time of OxyNeo’s introduction is statistically
equivalent to zero. As observed, there is no change in the trend of each province’s opioid poisoning
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hospitalizations due to OxyNeo’s reformulation. These results reflect the effect estimated in the
existing American literature.

The Effect of Provincial Formulary Restrictions:
To determine the effect of provincial formulary restrictions, I estimate Equation 3. I code
the indicator variable for the presence of oxycodone product restrictions according to the original
database of formulary restrictions presented in Appendix 1. I report the regression output in Table
6. The difference-in-differences estimate can be interpreted as the percent change in opioid
poisoning hospitalizations per quarter caused by the introduction of oxycodone product
restrictions. The estimate of a decrease of 0.3% in opioid poisoning hospitalizations is statistically
equivalent to zero and is not practically significant. Note that this is not a tight zero result. A 95%
confidence interval permits both a decrease in opioid poisoning hospitalizations and an increase
of a practically significant magnitude.

Sensitivity Analysis:
There are two errors that could bias the estimates from Equation 3. First, there are
limitations to the original database of formulary restrictions early in the treatment window. I need
to make plausible assumptions about the nature of restrictions early in the database. Second, there
is some subjectivity in the coding of the indicator variable given that provincial restrictions are not
directly comparable. Given this uncertainty, I test any assumptions I make to ensure the robustness
of my results. I report the regression output in Table 7. The difference-in-differences estimate
remains both statistically and practically insignificant across all specifications. This indicates that
my assumptions are not driving my results.

14

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
Consumer Substitution
The introduction of OxyNeo, which coincided with the timing of most province’s oxycodone
product restrictions, was accompanied by a 46.4% decrease in oxycodone dispensing in Canada
(Gomes et al., 2017). Given that prior to reformulation, oxycodone products were responsible for
30% to 50% of misuse (Fischer, Vojtila, & Kurdyak, 2017), the finding that formulary restrictions
do not affect misuse requires some explanation. Analysis of mortality by opioid in Ontario
demonstrates that deaths due to substitute opioids increased after the restriction of oxycodone
products on the provincial formulary. This is demonstrated graphically in Figure 2. In Figure 2, I
plot annual drug mortality by year. The vertical line indicates the year of OxyNeo’s restriction in
Ontario. Post-2012, we observe an increase in deaths related to fentanyl, hydrocodone,
hydromorphone, and morphine. To formalize this graphical analysis, I look for a trend break in
2012. I estimate Equation 7 for each drug that is counted separately. I report coefficients and
standard errors in Table 8. This analysis provides purely suggestive evidence. It only examines
one province and suffers from a substantial temporal aggregation problem. It is, therefore, most
informative to look at the signs and statistical significance of the estimates as opposed to the
magnitude. Doing this, my estimates confirm the graphical analysis as statistically significant trend
increases are reported for fentanyl, hydrocodone, hydromorphone, and morphine. Together with
the fact that overall opioid misuse did not respond to restrictions on oxycodone products, the
increase in deaths related to substitute opioids to OxyContin and OxyNeo suggests that consumer
substitution undoes any effect of formulary restrictions.

15

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
VII.

Conclusion:
As the opioid crisis deepens in North America, health policymakers will be under

continued pressure to act. It is important that any responses to the crisis do not unintentionally
push consumers of opioids to more harmful substitute opioids. In this paper, I study two supplyside drug restrictions. I find that restricting access to a particular opioid through changes to the
provincial formulary rules and replacing commonly abused drugs with tamper-deterrent
formulations are ineffective at reducing opioid poisoning hospitalizations. I show that this is likely
due to consumer substitution to other drugs. My results suggest that supply-side restrictions on one
particular drug without the introduction of other complementary interventions are insufficient to
reduce negative opioid use outcomes. I also contribute to further research by constructing an
original database of oxycodone product restrictions in Canada on provincial formularies.
Given my findings, suggesting an alternative response for health policymakers is
important. The solution may come as a result of another unrelated policy goal. More U.S. states
are legalizing marijuana (Robinson, Berke, Gould, 2018) and Canadian Prime Minister Justin
Trudeau’s looming July 1st deadline to legalize marijuana is fast approaching (Tasker, 2018). It is
possible that legalization efforts may in fact also address the opioid crisis. Powell, Pacula, &
Jacobson (2015) find a 31% reduction in opioid overdoses and a 53% reduction in opioid addiction
treatment admissions for states with medical marijuana laws and legal protection for dispensaries.
Data will soon be available to study the introduction of recreational marijuana in Colorado and
Washington state. This should be the subject of future research. While legalizing marijuana is not
risk-free, it appears that the cheap, effective, and politically feasible solution is already in the
works.

16

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
References
Alpert, A., Powell, D., & Pacula, R. (2017). Supply-Side Drug Policy in the Presence of
Substitutes: Evidence from the Introduction of Abuse-Deterrent Opioids. NBER Working
Paper, (23031). doi:10.7249/wr1181
Bischof, D., & Zurich, C. (2017). New graphic schemes for Stata: plotplain and plottig. The Stata
Journal, 17(3), 748-759.
Buchmueller, T., & Carey, C. (2017). The Effect of Prescription Drug Monitoring Programs on
Opioid Utilization in Medicare. NBER Working Paper, (23148). doi:10.3386/w23148
Butler, S. F., Cassidy, T. A., Chilcoat, H., Black, R. A., Landau, C., Budman, S. H., & Coplan, P.
M. (2013). Abuse Rates and Routes of Administration of Reformulated ExtendedRelease Oxycodone: Initial Findings From a Sentinel Surveillance Sample of Individuals
Assessed for Substance Abuse Treatment. The Journal of Pain, 14(4), 351-358.
doi:10.1016/j.jpain.2012.08.008
Canadian Agency for Drugs and Technologies in Health. (2015, October 28). Prescribing and
Dispensing Policies to Address Harms Associated With Prescription Drug Abuse (Rep.
No. ES0291-000). Retrieved April 23, 2018, from
https://www.cadth.ca/sites/default/files/pdf/ES0291_Prescription_Drug_Abuse_e.pdf
Carpenter, C., Mcclellan, C., & Rees, D. (2017). Economic Conditions, Illicit Drug Use, and
Substance Use Disorders in the United States. Journal of Health Economics, 52, 63-73.
doi:10.3386/w22051
Centers for Disease Control and Prevention. (2017, August 30). Understanding the epidemic.
Retrieved April 23, 2018, from https://www.cdc.gov/drugoverdose/epidemic/index.html
Cicero, T. J., Ellis, M. S., Surratt, H. L., & Kurtz, S. P. (2014). The Changing Face of Heroin

17

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
Use in the United States. JAMA Psychiatry, 71(7), 821.
doi:10.1001/jamapsychiatry.2014.366
Cicero, T. J., & Ellis, M. S. (2015). Abuse-Deterrent Formulations and the Prescription Opioid
Abuse Epidemic in the United States. JAMA Psychiatry, 72(5), 424.
doi:10.1001/jamapsychiatry.2014.3043
Dhalla, I. A., Mamdani, M. M., Sivilotti, M. L., Kopp, A., Qureshi, O., & Juurlink, D. N. (2009).
Prescribing of opioid analgesics and related mortality before and after the introduction of
long-acting oxycodone. Canadian Medical Association Journal, 181(12), 891896.doi:10.1503/cmaj.090784
Evans, W., Lieber, E., & Power, P. (2018). How the Reformulation of OxyContin Ignited the
Heroin Epidemic. NBER Working Paper, (24475). doi:10.3386/w24475
Fischer, B., Jones, W., Urbanoski, K., Skinner, R., & Rehm, J. (2013a). Correlations between
prescription opioid analgesic dispensing levels and related mortality and morbidity in
Ontario, Canada, 2005-2011. Drug and Alcohol Review, 33(1), 19-26.
doi:10.1111/dar.12089
Fischer, B., Jones, W., & Rehm, J. (2013b). High correlations between levels of consumption
and mortality related to strong prescription opioid analgesics in British Columbia and
Ontario, 2005 - 2009. Pharmacoepidemiology and Drug Safety,22(4), 438-442.
doi:10.1002/pds.3404
Fischer, B., Jones, W., & Rehm, J. (2014). Trends and changes in prescription opioid analgesic
dispensing in Canada 2005–2012: An update with a focus on recent interventions. BMC
Health Services Research, 14(1). doi:10.1186/1472-6963-14-90
Fischer, B., Vojtila, L., & Kurdyak, P. (2017). ‘Delisting’ OxyContin® to reduce prescription

18

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
opioid-related harms in Ontario (Canada)-gauging effects 5 years later.
Pharmacoepidemiology and Drug Safety, 26(9), 1040-1043. doi:10.1002/pds.4253
Global Commission on Drug Policy. (2017, October). The opioid crisis in North America (Rep.).
Retrieved April 23, 2018, from http://www.globalcommissionondrugs.org/wpcontent/uploads/2017/09/2017-GCDP-Position-Paper-Opioid-Crisis-ENG.pdf
Gomes, T., Mastorakos, A., Paterson, J. M., Sketris, I., Caetano, P., Greaves, S., & Henry, D.
(2017). Changes in the dispensing of opioid medications in Canada following the
introduction of a tamper-deterrent formulation of long-acting oxycodone: A time series
analysis. CMAJ Open, 5(4). doi:10.9778/cmajo.20170104
Gomes, T., Jain, S., Paterson, J. M., Sketris, I., Caetano, P., & Henry, D. (2018). Trends and
uptake of new formulations of controlled-release oxycodone in Canada.
Pharmacoepidemiology and Drug Safety. doi:10.1002/pds.4390
Government of Manitoba. (2010, March 24). Manitoba take [sic] aggressive action on
OxyContin misuse: Rondeau. Retrieved from
http://news.gov.mb.ca/news/index.html?item=8040.
Health Canada. (2017, November). Actions on Opioids (Rep.). Retrieved April 23, 2018, from
Government of Canada website: https://www.canada.ca/content/dam/hcsc/documents/services/publications/healthy-living/actions-opioids-2016-2017/OpioidsResponse-Report-EN-FINAL.pdf
Hollingsworth, A., Ruhm, C., & Simon, K. (2017). Macroeconomic Conditions and Opioid
Abuse. NBER Working Paper, (23192). doi:10.3386/w23192
Ivison, J. (2015, May 14). Federal government reversing its decision to allow generic OxyContin
as addictions surge. National Post. Retrieved April 23, 2018, from

19

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
http://nationalpost.com/news/canada/federal-government-reversing-its-decision-toallow-generic-oxycontin-as-addictions-surge
Keefe, P. R. (2017, October 30). The family that build an empire of pain. The New Yorker.
Retrieved April 23, 2018, from https://www.newyorker.com/magazine/2017/10/30/thefamily-that-built-an-empire-of-pain
Mallatt, J. (2017). The Effect of Prescription Drug Monitoring Programs on Opioid Prescriptions
and Heroin Crime Rates. SSRN Electronic Journal. doi:10.2139/ssrn.3050692
Meara, E., Horwitz, J. R., Powell, W., Mcclelland, L., Zhou, W., Omalley, A. J., & Morden, N.
E. (2016). State Legal Restrictions and Prescription-Opioid Use among Disabled Adults.
New England Journal of Medicine, 375(1), 44-53. doi:10.1056/nejmsa1514387
Nova Scotia Health and Wellness. (2012, February 21). Nova Scotia to limit OxyNeo coverage.
Retrieved from
https://novascotia.ca/news/release/?id=20120221003.
Patented Medicine Prices Review Board. (2014, April). Utilization of prescription opioids in
Canada’s public drug plans, 2006/07 to 2012/13. Retrieved from
http://www.pmprb-cepmb.gc.ca/CMFiles/NPDUIS/NPDUIS_Opiods_2014-0416_EN_V2.pdf. Last accessed April 6, 2018.
Powell, D., Pacula, R. L., & Jacobson, M. (2015). Do Medical Marijuana Laws Reduce
Addictions and Deaths Related to Pain Killers? NBER Working Paper, (21345).
doi:10.3386/w21345
Powell, D., Pacula, R. L., & Taylor, E. (2015). How Increasing Medical Access to Opioids
Contributes to the Opioid Epidemic: Evidence from Medicare Part D. RAND Working
Paper, (1169). doi:10.3386/w21072

20

RESPONSES TO THE OPIOID CRISIS IN THE PRESENCE OF SUBSTITUTES
Public Health Ontario. (2018, March 7). Technical notes: interactive opioid tool (Tech.).
Retrieved April 23, 2018, from
https://www.publichealthontario.ca/en/DataAndAnalytics/Documents/Interactive_Opioi
d_Tool_Technical_Notes_2017.pdf
Robertson, G., & Howlett, K. (2016, December 30). How a little-known patent sparked Canada's
deadly opioid crisis. The Globe and Mail. Retrieved April 23, 2018, from
https://www.theglobeandmail.com/news/investigations/oxycontin/article33448409/
Robinson, M., Berke, J., & Gould, S. (2018, April 20). This map shows every state the has
legalized marijuana. Business Insider. Retrieved April 23, 2018, from
http://www.businessinsider.com/legal-marijuana-states-2018-1
Tasker, J. P. (2018, February 6). Full implementation of legal cannabis could be delayed beyond
July 1. CBC News. Retrieved April 23, 2018, from
http://www.cbc.ca/news/politics/minister-legal-cannabis-senate-committee-1.4522970
Ubelacker, S. (2017, April 25). The inside history of Canada’s opioid crisis. Maclean's.
Retrieved April 23, 2018, from http://www.macleans.ca/society/inside-the-history-ofcanadas-opioid-crisis/
Unick, G. J., & Ciccarone, D. (2017). US regional and demographic differences in prescription
opioid and heroin-related overdose hospitalizations. International Journal of Drug
Policy, 46, 112-119. doi:10.1016/j.drugpo.2017.06.003
Wilson, J. (2013, April 17). FDA bans generic versions of original OxyContin pills. CNN.
Retrieved April 23, 2018, from https://www.cnn.com/2013/04/17/health/fdaoxycontin/index.html

21

Appendix 1: Coverage of OxyContin and OxyNeo on provincial formularies in Canada, 2007Q2 – 2017Q1
Province
Rule – OxyContin
Rule - OxyNeo
Special Rule – OxyNeo
Alberta

British Columbia

Regular benefit until October
1, 2012

Freely substitutable from
March 1, 2012, on Alberta
Health and Wellness Drug
Benefit List
April 1, 2011 – 5-80mg
As of March 8, 2012, OxyNeo
Limited Coverage requiring
is only available on a case-byspecial authority approval; also case basis.
covered by Palliative Drug
Benefit (I assume this extends Covered by Palliative Drug
to the start of the study period) Benefit.
Pharmacare Coverage
Listed Feb 25, 2012.
effectively discontinued March
8, 2012 (5 mg through 80 mg). Special Authority must be
renewed.
Note: BC Pharmacare removed
OxyContin from Palliative Drug
Benefit on December 5, 2014. This
is purely an administrative change
with no practical significance for
this study.

New Brunswick

Nova Scotia

September 1, 2001 – special
authorization required for
treatment of cancer or chronic
pain. Never a regular benefit
drug.
Delisted February 29, 2012
Effective March 1, 2012, no
new starts.

February 9, 2012 - OxyNeo
will not be listed on the
provincial formulary.

Effective March 1, 2012, no
new starts.
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0

Patients with current annual
special authority approval for
OxyContin will continue
coverage for OxyContin and
OxyNeo until their special
authority approval ends.
Patients with current
indefinite special authority
approval will be granted 12month transitional coverage
until Feb. 28, 2013, for
OxyContin and OxyNeo to
allow time for them to work
with their physician to assess
their pain management
treatment.
Those who received continue
within the previous 3 months
prior to March 1, 2012, could
get OxyNeo. A new
prescription for OxyNeo
required.
Those who received
OxyContin within the
previous 3 months prior to
March 1, 2012, could get

Ontario

Palliative and cancer pain
Prior, 5-80mg available as
exception status drug “for the assessed on a case-by-case
basis.
treatment of moderate to
severe chronic pain
syndromes, as an alternative to
morphine or hydromorphone”
(I assume this extends to the
beginning of the study period)

OxyNeo. A new prescription
for OxyNeo required.

Coverage withdrawn on March
2, 2012.

Existing Ontario Drug Benefit
recipients who had a claim for
OxyContin within 6 months
prior got automatic coverage
for OxyContin for 1 month
Feb 29, 2012, to April 2,
2012. After April 2012,
could get OxyNeo for one
year ending Feb 28, 2013.
Exceptional Access Program
after that.

Prior to this, OxyContin
required a Limited Use Form.
Clinical criteria for use was
“For the treatment of chronic
pain in patients who cannot
tolerate, or have failed
treatment with a listed longacting opioid.”
(I assume this extends to the
beginning of the study period)
Saskatchewan

On Formulary as Full Benefit
Dec 1, 2000.

Effective February. 29, 2012
Oxy Neo considered through
Exceptional Access Program
for treatment of cancer or
palliative pain and only if
patient experiences intolerance
of at least one other longacting opioid.
OxyContin and OxyNeo are
not interchangeable.
Never a regular benefit.
Added to formulary February
29, 2012, under Exception
Drug Status Program for
“treatment of pain in palliative
and cancer patients.”
OxyNeo and OxyContin not
interchangeable. A new
prescription is required.
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Beneficiaries who have filled a
benefit prescription for
OxyContin in the three months
prior to February 29, 2012 will
have Exception Drug coverage
for OxyNeo.

Manitoba

Newfoundland and Labrador

Effective March 26, 2010
OxyContin and generics
moved from Part 1 to Part 3
Exception Drug Status.
No new starts Feb 20, 2012.
Prior, OxyContin was
available by Special
Authorization for “persistent
pain.” (I assume that this
extends to the beginning of the
study period)

Exception Drug Status once
OxyContin removed from the
market.

Substitutable for a valid script

Feb 13, 2012. OxyNeo not
considered for coverage.

Patients who received
coverage between December 1,
2011, and March 1, 2012, are
eligible for coverage.

OxyContin and OxyNeo are
not interchangeable. A new
prescription needed. No new
Special Authorization is
needed.

Note 1: Data assembled by author.
Note 2: Quebec, Prince Edward Island, and the Territories omitted due to data limitations.

24

Database Sources
Patented Medicine Prices Review Board. (2014, April). Utilization of prescription opioids in
Canada’s public drug plans, 2006/07 to 2012/13. Retrieved from
http://www.pmprb-cepmb.gc.ca/CMFiles/NPDUIS/NPDUIS_Opiods_2014-0416_EN_V2.pdf. Last accessed April 6, 2018.
Alberta:
G. Gandoke, Pharmaceutical Policy Consultant; Pharmaceutical & Health Benefits, personal
communication, March 27, 2018.
British Columbia:
BC PharmaCare Formulary Search – OxyNeo; April 5, 2018
https://pharmacareformularysearch.gov.bc.ca/faces/Search.xhtml. Last accessed April 5,
2018.
BC PharmaCare Help Desk, personal communication, March 27, 2018.
PharmaCare Drug Review Results – OxyContin & OxyNeo; April 5, 2018
https://fmdb.hlth.gov.bc.ca. Last accessed April 5, 2018.
Pharmaceutical Services Division. (2012). Benefits. BC PharmaCare newsletter, 12(004).
Retrieved from
https://www2.gov.bc.ca/assets/gov/health/health-drugcoverage/pharmacare/newsletters/news12-004.pdf. Last accessed April 6, 2018.
New Brunswick:
T. McLair, Director of Formulary Management, personal communication, March 28, 2018.
Nova Scotia:
Nova Scotia Health and Wellness. (2012, February 21). Nova Scotia to limit OxyNeo coverage.
Retrieved from
https://novascotia.ca/news/release/?id=20120221003. Last accessed April 6, 2018.
Nova Scotia Health and Wellness. (2012, January). Nova Scotia formulary. Retrieved from T.
Campbell, Team Lead – Clinical Services, personal communication, April 6, 2018.
Nova Scotia Pharmacare. (2012). OxyContin/OxyNeo communication. PharmacareNews,
12(02). Retrieved from
http://0-nsleg-edeposit.gov.ns.ca.legcat.gov.ns.ca/deposit/b10616603_2012.pdf. Last
accessed April 6, 2018.

25

Ontario:
Claimsecure Inc. (2012). Hello OxyNeo – goodbye OxyContin. Drug Review, 11(2). Retrieved
from
https://www.claimsecure.com/content/pdfs/enCA/DrugReviews/DrugReview_Vol11_Issue2_en.pdf. Last accessed April 6, 2018.
Ministry of Health. (2003, January 30). Ontario drug benefit formulary/comparative drug index
no. 38. Retrieved from
http://s3.amazonaws.com/zanran_storage/www.health.gov.on.ca/ContentPages/6386064.
pdf. Last accessed April 6, 2018.
Ontario Public Drug Programs Division. (n.d.) Change in funding status of oxycodone controlled
release tablet. Retrieved from
http://www.health.gov.on.ca/en/public/programs/drugs/ons/oxy_faq.aspx. Last accessed
April 6, 2018.
Ministry of Health and Long-Term Care. (2012, February 29). Update AE Ontario drug benefit
formulary/comparative drug index no. 41. Retrieved from
http://www.health.gov.on.ca/en/pro/programs/drugs/formulary/41_update_ae_20120217.
pdf. Last accessed April 6, 2018.
Saskatchewan:
Drug Plan and Extended Benefits Branch. (2000, December). Quarterly update to the 50th
edition of the Saskatchewan formulary. Retrieved from
http://formulary.drugplan.ehealthsask.ca/SaskFormularyBulletins.aspx. Last accessed
April 6, 2018.
Drug Plan and Extended Benefits Branch. (2006, January). Saskatchewan formulary committee
update bulletin to the 55th edition of the Saskatchewan formulary. Retrieved from
http://formulary.drugplan.ehealthsask.ca/SaskFormularyBulletins.aspx. Last accessed
April 6, 2018.
Drug Plan and Extended Benefits Branch. (2009, October). Saskatchewan Formulary bulletin
update to the 59th edition of the Saskatchewan formulary. Retrieved from
http://formulary.drugplan.ehealthsask.ca/SaskFormularyBulletins.aspx. Last accessed
April 6, 2018.
Drug Plan and Extended Benefits Branch. (2012, February 21). Saskatchewan Formulary
bulletin update to the 61st edition of the Saskatchewan formulary. Retrieved from
http://formulary.drugplan.ehealthsask.ca/SaskFormularyBulletins.aspx. Last accessed
April 6, 2018.
Drug Plan and Extended Benefits Branch. (2014, July 1). Saskatchewan Formulary bulletin
update to the 62nd edition of the Saskatchewan formulary. Retrieved from

26

http://formulary.drugplan.ehealthsask.ca/SaskFormularyBulletins.aspx. Last accessed
April 6, 2018.
Manitoba:
Government of Manitoba. (2010, March 24). Manitoba take [sic] aggressive action on
OxyContin misuse: Rondeau. Retrieved from
http://news.gov.mb.ca/news/index.html?item=8040. Last accessed April 6, 2018.
The Manitoba Pharmaceutical Association. (2012, March 2). OxyContin/OxyNeo. Retrieved from
http://mpha.in1touch.org/uploaded/38/web/02%20March%202012%20NoticetoPharmacy
MgrOxyfinal.pdf. Last accessed April 6, 2018.
Newfoundland and Labrador:
Newfoundland & Labrador Pharmacy Board. (2012, February 17). Memo to pharmacists.
Retrieved from
http://www.nlpb.ca/media/News_Archive_2012-2013.pdf. Last accessed April 6, 2018.

27

Figure 1:

Log Quarterly Opioid Poisoning Hospitalizations

Significant Opioid Poisoning Hospitalizations, Canada, 2007-2017
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Figure 2:
Mortality by Drug, Ontario, 2005-2016
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Table 1: Summary Statistics: Quarterly Opioid Poisoning Hospitalizations, by province,
2007Q2 – 2017Q1
N
Min
Max
Mean
Median
SD
NL
40
5
23
12.4
12
4.1
NS
40
10
34
22.9
22
5.5
NB
40
6
46
24.8
26
6.9
ON
40
281
514
388.3
395
65.7
MB
40
20
50
31.5
31
6.4
SK
40
24
80
45.2
41
13.6
AB
40
97
239
156
142
42
BC
40
142
338
214.2
211
46.8
Table 2: Summary Statistics: Quarterly Opioid Poisoning Hospitalizations, by province,
prior to 2012Q1
N
Min
Max
Mean
Median
SD
NL
19
5
21
10.6
10
3.7
NS
19
10
29
20.4
20
4.4
NB
19
6
32
20.7
21
6.7
ON
19
281
449
334.8
326
41.6
MB
19
20
50
29.5
28
7.3
SK
19
24
60
36.7
35
8.1
AB
19
97
149
123.5
121
16.3
BC
19
142
228
180.4
173
21.7
Table 3: Summary Statistics: Quarterly Opioid Poisoning Hospitalizations, by province,
after 2012Q1
N
Min
Max
Mean
Median
SD
NL
21
8
23
14
14
3.8
NS
21
16
34
25.1
25
5.5
NB
21
22
46
28.4
28
4.9
ON
21
357
514
436.7
434
40.9
MB
21
23
42
33.2
34
5.1
SK
21
31
80
53
55
13
AB
21
135
239
185.3
177
36
BC
21
200
338
244.8
233
42.1
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Table 4: Breakpoint Test A - Level Shift Regression Output (Equation 1)

(1)
Log(Hosp)
0.023
(0.05)

β2

Standard errors in parentheses. Adjusted to allow for each province to have a distinct AR(1)
process.
*
p < 0.05, ** p < 0.01, *** p < 0.001

Table 5: Breakpoint Test B – Trend Break Regression Output (Equation 2)

β3

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

NL

NS

NB

ON

MB

SK

AB

BC

0.012
(0.02)

-0.014
(0.01)

-0.034
(0.02)

-0.009
(0.00)

-0.013
(0.01)

0.014
(0.01)

0.011
(0.01)

0.007
(0.01)

Standard errors in parentheses. Adjusted for an AR(1) process.
*
p < 0.05, ** p < 0.01, *** p < 0.001
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Table 6: Formulary Restriction Difference-in-Differences Regression Output (Equation 3)
(1)
Log(Hosp)
-0.003
β2
(0.07)
Standard errors in parentheses. Adjusted to allow for each province to have a distinct AR(1)
process.
*
p < 0.05, ** p < 0.01, *** p < 0.001
Table 7: Formulary Restriction Difference-in-Differences Sensitivity Analysis Regression
Output (Equation 3-6)
(3)
(4)
(5)
(6)
Log(Hosp)
Log(Hosp)
Log(Hosp)
Log(Hosp)
-0.003
0.012
-0.003
0.011
β2
(0.07)
(0.06)
(0.06)
(0.05)
Standard errors in parentheses. Adjusted to allow for each province to have a distinct AR(1)
process.
*
p < 0.05, ** p < 0.01, *** p < 0.001
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Table 8: Breakpoint Test: Ontario Mortality by Drug Regression Output (Equation 7)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Oxycodone Codeine Fentanyl Heroin Hydrocodone Hydromorphone Methadone Morphine

β3

-0.036
(0.04)

-0.020
(0.01)

0.062*
(0.03)

0.008
(0.01)

-0.014***
(0.00)

Standard errors in parentheses. Adjusted for an AR(1) process.
*
p < 0.05, ** p < 0.01, *** p < 0.001
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0.050***
(0.01)

0.003
(0.03)

0.018***
(0.00)

