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Abstract

Aims
To examine the impact of national clinical practice guidelines and provincial drug policy

interventions on prevalence of high-dose opioid prescribing and rates of hospitalization for
opioid toxicity.

Design

Interventional time-series analysis.

Setting
Ontario, Canada, from 2003 to 2014.

Participants
Ontario Drug Benefit (ODB) beneficiaries aged 15 to 64 years from 2003 to 2014.

Interventions

Publication of Canadian clinical practice guidelines for use of opioids in chronic non-cancer
pain (May 2010) and implementation of Ontario’s Narcotics Safety and Awareness Act
(NSAA; November 2011).

Measurements

Three outcomes were explored: the rate of opioid use among ODB beneficiaries, the preva-
lence of opioid prescriptions exceeding 200 mg and 400 mg morphine equivalents per day,
and rates of opioid-related emergency department visits and hospital admissions.
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Findings

Over the 12 year study period, the rate of opioid use declined 15.2%, from 2764 to 2342
users per 10,000 ODB eligible persons. The rate of opioid use was significantly impacted by
the Canadian clinical practice guidelines (p-value = .03) which led to a decline in use, but no
impact was observed by the enactment of the NSAA (p-value = .43). Among opioid users,
the prevalence of high-dose prescribing doubled (from 4.2% to 8.7%) over the study period.
By 2014, 40.9% of recipients of long-acting opioids exceeded daily doses of 200 mg mor-
phine or equivalent, including 55.8% of long-acting oxycodone users and 76.3% of transder-
mal fentanyl users. Moreover, in the last period, 18.7% of long-acting opioid users exceeded
daily doses of 400 mg morphine or equivalent. Rates of opioid-related emergency depart-
ment visits and hospital admissions increased 55.0% over the study period from 9.0 to

14.0 per 10,000 ODB beneficiaries from 2003 to 2013. This rate was not significantly
impacted by the Canadian clinical practice guidelines (p-value = .68) or enactment of the
NSAA (p-value = .59).

Conclusions

Although the Canadian clinical practice guidelines for use of opioids in chronic non-cancer
pain led to a decline in opioid prescribing rates among ODB beneficiaries these guidelines
and subsequent Ontario legislation did not result in a significant change in rates of opioid-
related hospitalizations. Given the prevalence of high dose opioid prescribing in this popula-
tion, this suggests that improved strategies and programs for the safe prescribing of long-
acting opioids are needed.

Introduction

Long-term opioid treatment for non-cancer pain has become common, although little evi-
dence supports the practice[1,2]. As a result, over the last two decades, significant increases in
opioid prescribing rates and average prescription volumes have been documented in both the
United States [3] and Canada [4]. These trends are concerning because high-dose opioid ther-
apy is associated with considerable morbidity and mortality, including drug toxicity, overdose
death, falls, fractures, and motor vehicle injury [5-8]. As a result, clinical practice guidelines
have been developed in Canada and recently in the United States with the goal of promoting
safe and effective prescribing of opioids for chronic pain [9,10]. Furthermore, policies have
been implemented at regional levels, including Washington’s Interagency Guideline on Pre-
scribing Opioids for Pain[11], Florida’s implementation of a prescription drug monitoring
program[12], New York’s implementation of an internet system for tracking over-prescribing
[13], and Staten Island’s targeted public health interventions to address its opioid mortality
rates [14].

In Canada, interventions aimed at reducing opioid use have included the publication of
national clinical practice guidelines regarding use of opioids in chronic non-cancer pain in
May 2010[15] and the Ontario’s Narcotics Safety and Awareness Act (NSAA) in November
2011 [16]. The publication of national clinical practice guidelines provided evidence-based rec-
ommendations on opioid indications, selection, precautions and monitoring to Canadian phy-
sicians with the focus of reducing opioid-related harms such as addiction and overdose [15].
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Furthermore, these were the first national guidelines in Canada to establish dose thresholds for
opioid prescribing in chronic non-cancer pain, and thus it is anticipated that this would lead
to more prudent opioid dosing among physicians across Canada. Similarly, a key component
of the NSAA was the requirement for prescriptions for all narcotics and other controlled sub-
stances dispensed in Ontario to be disclosed to the Ministry of Health and Long-Term Care
for monitoring and surveillance. Therefore, it was anticipated that the clinical practice guide-
lines and enactment of this legislation would lead to more prudent opioid prescribing across
Ontario that would lead to decreased opioid prescribing, thus reducing risks of opioid
overdose.

Some evidence suggests that clinical practice guidelines and prescription drug monitoring
programs have influenced opioid dose, diversion and related hospitalizations. For example, in
Washington State, the 2007 opioid dosing guidelines were associated with declines in the aver-
age daily dose of long-acting opioids dispensed, as well as the proportion of individuals treated
with doses exceeding 120 mg/day MEQ [17]. The implementation of a prescription drug mon-
itoring program in Florida reduced opioid diversion rates and oxycodone-related mortality
[18,19], while targeted interventions in Staten Island resulted in decreases in opioid prescrip-
tions, high-dose opioid prescribing, and opioid-related mortality [14].

Research published in Canada found that rates of opioid prescribing increased by over 16%
between 2003 and 2008, and that between 20% and 30% of long-acting opioid users were dis-
pensed high dose therapy in 2008 [4]. However, it is not known whether the 2010 Canadian
clinical practice guidelines or the enactment of Ontario’s NSAA have influenced opioid pre-
scribing or adverse events. Therefore, we assessed whether these policies and guidelines
impacted opioid prescribing and opioid-related adverse outcomes in Ontario.

Methods
Setting

We conducted a time series intervention (interrupted) analysis in a cohort of individuals aged
15 to 64 eligible for drug coverage through the Ontario Public Drug Program (OPDP) between
January 1%, 2003 and December 31, 2014. Ontario is Canada’s most populous province, with
a population of 13.7 million in 2014. This study was approved by the research ethics board of
Sunnybrook Health Sciences Centre in Toronto, Ontario, Canada.

Data Sources

We obtained opioid prescription data from the Ontario Drug Benefit (ODB) database, which
contains information on all prescriptions dispensed to eligible Ontario residents. In Ontario,
eligibility criteria for drug coverage in this demographic includes unemployment, disability,
high prescription drug costs relative to net household income, receipt of home care services,
and residence in a long-term care facility. We used the Canadian Institute for Health Informa-
tion’s Discharge Abstract Database (CIHI-DAD), and National Ambulatory Care Reporting
System (CIHI-NACRS) to identify opioid-related hospital admissions and emergency depart-
ment visits. We used the Ontario Cancer Registry to identify past cancer diagnoses and the
Ontario Health Insurance Plan (OHIP) Claims Database to identify physician claims for pallia-
tive care services. These datasets are housed in a data repository at the Institute for Clinical
Evaluative Sciences (ICES, www.ices.on.ca), are linked using unique, encoded identifiers based
on patient health card numbers, and are regularly used for research purposes [4,6,7,20]. The
data was analyzed anonymously at ICES, and was approved by the Research Ethics Board of
Sunnybrook Health Sciences Centre, Toronto, Canada.
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Rate of Opioid Use

Among the cohort of ODB eligible individuals aged 15 to 64 years, we identified all subjects
who received at least one opioid prescription in each biannual period (January to June and
July to December) over the study period. Opioids included in the analyses were oxycodone,
transdermal fentanyl, morphine, meperidine, hydromorphone and codeine. We excluded pre-
scriptions for parenteral and intranasal preparations of opioids, as well as methadone, which is
almost exclusively used for individuals with a history of opioid misuse in Ontario. To limit our
observations to individuals using opioids for chronic non-cancer pain, we excluded individu-
als with any past diagnosis of cancer and those receiving palliative care in the 180 days prior to
the beginning of each biannual period. We classified each individual into one of four hierar-
chical, mutually exclusive groups based on opioid therapy received in each biannual period: 1)
long-acting oxycodone (regardless of other opioid therapy), 2) transdermal fentanyl (with no
long-acting oxycodone), 3) other long-acting opioids (with no long-acting oxycodone or fenta-
nyl), and 4) immediate-release single agent opioids or immediate-release opioids in combina-
tion with acetaminophen or acetylsalicylic acid (with no long-acting opioid). We reported the
number of opioid users per 10,000 ODB-eligible individuals by opioid therapy group for each
biannual period over the study period. For each biannual period, ODB-eligible individuals
were defined as all individuals who received at least one prescription in the biannual period
for any drug covered by ODB excluding MedCheck or flu vaccine.

Prevalence of High-Dose Opioid Use

The prevalence of high-dose opioid prescribing was determined within the group of opioid
recipients defined above. In each biannual period, each individual’s average daily dose of opi-
oid dispensed was calculated in morphine equivalents (MEQ) using ratios employed by the
Canadian Guideline for Safe and Effective Use of Opioids for Chronic Non-Cancer Pain [21].

The average daily dose dispensed in each biannual period is based on average opioid use
over a period of 90 days and was calculated as follows: We identified the first opioid prescrip-
tion in the period, defining this as the index date. We then included all other prescriptions dis-
pensed within the 100 days before or 90 days following the index date. For prescriptions with a
days’ supply overlapping the beginning or end of the 90 day period, or that overlapped with
the end of the biannual period, the amount of opioid dispensed was adjusted accordingly to
only include opioids prescribed for use within the 90 day period (Fig 1). The total volume dis-
pensed was summed over the 90 day period, and the daily dose was calculated by dividing this
volume by the shorter of 90 days or the number of days between index date and end of the
biannual period. This is similar to the approach employed in previously published studies[4,7],
but is more rigorous as it incorporates overlapping prescriptions in the calculation of daily
dose and excludes excess doses that would have been used outside of the 90 day window. Two
groups of individuals were identified based on their average daily opioid dose dispensed: high-
dose users (>200mg MEQ daily) and very high-dose users (>400mg MEQ daily). To deter-
mine the percentage of individuals by opioid therapy group who were high (>200MEQ) and
very high dose (>400MEQ), we divided the total number of individuals who were high and
very high dose by the total number of individuals in each of these group.

Rate of Opioid-Related Emergency Department and Hospital
Admissions

We identified all opioid-related emergency department visits and hospital admissions among
individuals in our cohort between January 1, 2003 and December 31, 2013. Hospitalizations
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Fig 1. Study Design. Calculation of daily opioid dose in mg MEQ. A: All prescriptions dispensed within 90 days following
the first opioid prescription including overlapping prescriptions from 100 days prior B: All prescriptions dispensed within either
the 90 day period or between first prescription and end of the biannual period whichever was shorter. If the days supply
overlapped the beginning or end of the 90 period or the end of the biannual period, the amount dispensed was adjusted to
exclude excess drug.

doi:10.1371/journal.pone.0167479.9001

were identified using the CIHI-DAD and emergency department visits were identified using
CIHI-NACRS. Opioid-related diagnoses were identified using International Classification of
Disease, 10" revision (ICD-10) codes T40.0, T40.1, T40.2, T40.3, T40.4, and T40.6. If an indi-
vidual visited an emergency department and was subsequently admitted, this was deemed a
single visit.

Statistical Analysis

In this time series intervention (interrupted) analysis, we fit the biannual rate of opioid pre-
scribing and rate of opioid-related hospitalizations with an autoregressive integrated moving
average (ARIMA) model. We examined the impact of the introduction of the Canadian clinical
practice guidelines (May 2010) and the NSAA (November 2011) on the time series data by
including two ramp intervention functions in the model at the time points when the interven-
tions were introduced (May 2010 and November 2011). A ramp function was used to detect a
gradual change in the time series as this is the impact expected from the introductions of the
policies. The t-statistic from the maximum likelihood estimation was used to determine if the
ramp intervention function was a significant parameter in the ARIMA model. If the ramp
function was a significant parameter (p-value< = 0.05) in the ARIMA model it was deemed to
have a significant impact on the time series. Intervention time series analysis is commonly
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used to test the impact of an intervention on time series data, with the null hypothesis of no
effect of the intervention on the time series of interest [22]. Stationarity and seasonality of the
time series data was assessed using the 1. Augmented Dickey-Fuller unit root test 2. Autocorre-
lation plots and 3. Ljung-Box chi-square test for white noise. We assessed the autocorrelation,
partial autocorrelation and inverse autocorrelation plots to identify model parameters. Final
model specifications can be found in S1 Table. All analyses used a type 1 error rate of 0.05 as
the threshold for statistical significance. The time series analysis was carried out using the
SAS/ETS time Series Forecasting System. Analyses were carried out using SAS statistical soft-
ware (v 9.3, EG 6.1; SAS Institute, Cary, NC).

Results

Over our 12-year study period, we identified 769,895 individuals who were dispensed at least
one opioid prescription. Overall rates of opioid use remained relatively stable between 2003
and 2010 (Fig 2). The introduction of the Canadian clinical practice guidelines in May 2010
significantly impacted the rate of opioid use (p-value = .03) leading to a decline, from 2713
users per 10,000 ODB eligible persons in the first half of 2010 to 2342 users per 10,000 ODB
eligible persons in the second half of 2014. The introduction of NSAA in November 2011 did
not impact the rate of opioid use (p-value = .43).

Despite decreasing rates of opioid prescribing, the prevalence of high and very high opioid
doses increased over our study period among those individuals who remained on opioid ther-
apy. By the end of 2014, 40.9% of long-acting opioid users were treated with high daily doses
(exceeding 200mg MEQ), and 18.7% were treated with very high daily doses (exceeding 400mg
MEQ). Although the total number of long-acting oxycodone users declined considerably

Canadian national guidelines Narcotics Safety and
for use of opioids in chronic Awareness Act —

3000 - non-cancer pain — May 2010 November 2011

FRA

1] 2
2011

2121‘2

2008 2009 2010
Year, Period

1 2 1 2 1 2
2012 2013 2014

Fig 2. Rate of opioid users (per 10, 000 ODB eligible persons) between 2003 and 2014.

doi:10.1371/journal.pone.0167479.9002
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Fig 3. Percentage of opioid users considered high-dose users, by year and opioid group, between 2003
and 2014.

doi:10.1371/journal.pone.0167479.g003

following the move of this product to a prior authorization program on the public drug formu-
lary (from 11,492 in second half of 2012 to 3,832 in the second half of 2013), the prevalence of
high-dose use increased considerably among long-acting oxycodone users over this time (Fig
3). By 2014, 55.4% of long-acting oxycodone users were treated with high daily doses and 24.5%
were treated with very high daily doses (Table 1). Following the restriction of access to long-act-
ing oxycodone, considerable increases were evident in both the total number of fentanyl users
(from 5,322 in the second half of 2012 to 6,193 in the second half of 2013) and other long-acting
opioid users (from 15,668 in the second half of 2012 to 19,951 in the second half of 2013).

Over this same period, the prevalence of high-dose fentanyl and other-long acting opioid use
increased. In the second half of 2014, 76.1% of fentanyl users and 27.9% of other long-acting
opioid recipients were treated with high doses (Fig 3). Additionally, 41.9% of fentanyl users and
10.8% of other long-acting opioid users exceeded very high dose thresholds by the end of the
study period (S1 Fig).

Rates of opioid-related hospital visits increased 34.5%, from 9.0 per 10,000 ODB eligible
persons in the first half of 2003 to 12.2 per 10,000 ODB eligible persons in the second half of
2004 (Fig 4), but remained relatively stable between 2005 and 2009. Between 2010 and 2013,
rates increased again, rising 13.0% from 12.4 to 14.0 hospital visits per 10,000 ODB eligible
persons. The rate of opioid-related hospitalizations was not significantly impacted by the
Canadian clinical practice guidelines in May 2010 (p-value = .68) or the NSAA legislation in
November 2011 (p-value = .59). In 2013, there were 1,621 opioid related hospital visits among
public drug beneficiaries in Ontario.
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Table 1. Summary of individuals who exceeded 200 and 400mg MEQ by period, overall, and stratified by opioid group.

Type and dose of Opioid

Jan-June 2003 |

Jan-June 2010

July-Dec2011 |

July-Dec 2014

Long-acting oxycodone

N = 4,501 N=17,379 N=17,774 N = 3,651
Exceeded 200mg MEQ 1,455 (32.3%) 7,906 (45.5%) 8,051 (45.3%) 2,023 (55.4%)
Exceeded 400mg MEQ 691 (15.4%) 3,850 (22.2%) 3,855 (21.7%) 895 (24.5%)
Transdermal fentanyl
N=1,721 N = 4,207 N =4,732 N = 6,049
Exceeded 200mg MEQ 978 (56.8%) 3,027 (72.0%) 3,430 (72.5%) 4,605 (76.1%)
Exceeded 400mg MEQ 502 (29.2%) 1,657 (39.4%) 1,931 (40.8%) 2,533 (41.9%)
Other long-acting opioids
N = 6,888 N =11,747 N =12,988 N = 20,528
Exceeded 200mg MEQ 1,928 (28.0%) 3,088 (26.3%) 3,372 (26.0%) 5,723 (27.9%)
Exceeded 400mg MEQ 929 (13.5%) 1,332 (11.3%) 1,407 (10.8%) 2,220 (10.8%)
Immediate-release single-agent and combination opioid therapy
N = 96,301 N =116,068 N =115,082 N=115,415
Exceeded 200mg MEQ 215 (0.2%) 218 (0.2%) 253 (0.2%) 362 (0.3%)
Exceeded 400mg MEQ 88 (0.1%) 102 (0.1%) 102 (0.1%) 111 (0.1%)
Any type of opioid
N =109,411 N = 149,401 N =150,576 N = 145,643
Exceeded 200mg MEQ 4,576 (4.2%) 14239 (9.5%) 15106 (10.0%) 12,713 (8.7%)
Exceeded 400mg MEQ 2,210 (2.0%) 6,941 (4.6%) 7,295 (4.8%) 5,759 (4.0%)
doi:10.1371/journal.pone.0167479.t001
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Fig 4. Rate of opioid related hospital or emergency room admissions (per 10,000 ODB eligible persons)

between 2003 and 2013.

doi:10.1371/journal.pone.0167479.9004
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Discussion

In this population-based study spanning 12 years, we found that the rate of opioid prescribing
declined significantly in ODB beneficiaries following the introduction of the Canadian clinical
practice guidelines in May 2010. This decline could be caused by the reduction of unnecessary
opioid prescribing by physicians due to clearer indications for the use of opioids in the treatment.
Additionally, this decline may be caused by a more comprehensive assessment of patient pain,
medical, mental health and substance use history by physicians before initializing opioid therapy.
However, over the same period, the prevalence of high-dose opioid prescribing increased among
users of long-acting oxycodone and fentanyl who continued to access these drugs. Over half of
long-acting oxycodone users and three-quarters of fentanyl users were dispensed more than 200
mg MEQ daily at the end of 2014. These shifts in high-dose opioid use may have impacted rates
of hospital visits for opioid toxicity, which have also increased since 2010.

Trends in long-acting oxycodone dispensing are particularly interesting. We observed a
large reduction in the number of ODB beneficiaries receiving this drug, but a corresponding
increase in the prevalence of high-dose use (from 32.3% to 55.4% over the study period). This
change is likely due to implementation of restrictions to the ODB program for coverage of a
new tamper deterrent long-acting oxycodone product introduced by Purdue Pharma (Oxy-
Neo®) in February 2012 that replaced the more widely available OxyContin®). At that time,
the ODB program provided current long-acting oxycodone users one year to meet strict reim-
bursement criteria or transition to an alternative opioid, leading to a gradual reduction in the
number of beneficiaries able to access long-acting oxycodone. Given the strict criteria required
for ongoing access after this time (i.e. intolerance or failure on other long-acting opioids), indi-
viduals remaining on long-acting oxycodone after this period are more likely to be long-term
opioid users, which is likely driving our findings of increased high-dose use. Furthermore, the
higher number of users of other long-acting opioids, along with increases in the prevalence of
high-dose opioid prescribing in these groups suggests that individuals previously treated with
long-acting oxycodone switched to transdermal fentanyl and other long-acting opioids but
continued to be prescribed high opioid doses.

Following the release of the Canadian clinical practice guidelines, rates of opioid use
declined by 12% from 2010 to 2013, yet rates of opioid-related hospital visits increased 13%
over this same period of time. Although we are unable to determine what led to increasing
rates of opioid-related hospital visits, we hypothesize that this could be explained by increased
illicit opioid use among individuals previously using prescription opioids or dosing errors as
individuals were switched from oxycodone to alternative opioids with differing potency. For
example, a study published in the United States reported that in a sample of patients using opi-
oids for long-term opioid for non-cancer pain, 35% of long term opioid users met criteria for
lifetime prescription opioid-use disorder [23]. Therefore, it is possible that those in our cohort
who previously received prescription opioids may have transitioned to using illicit opioids
upon restrictions imposed through the NSAA. This switch could have led to increased acci-
dental opioid overdoses and resulting opioid-related hospital visits. Furthermore, once restric-
tions on long-acting oxycodone were introduced, many patients were required to transition to
other prescription opioids reimbursed by the public drug program in Ontario. Therefore,
given differing potency of long-acting oxycodone, there is potential for dosing errors that
could lead to accidental opioid overdoses. Lastly, this increase may be related to the increasing
prevalence of high-dose opioid use, which aligns with findings following the release to the
Washington State guidelines [24], and suggests that guidelines and legislation alone may not
be sufficient to reduce opioid-related toxicity, particularly in an environment of increasing
prevalence of high-dose opioid use
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Limitations

Several limitations of our study merit discussion. First, although all Ontarians have universal
access to health care services, prescription drug coverage for those younger than 65 is generally
restricted to the socioeconomically disadvantaged individuals, and therefore our findings may
not be generalizable to other patients. Second, although we report opioid prescribing, we only
have access to filled prescriptions from the ODB Program. Therefore our estimates represent
the volume of opioids that are filled by the patients, and do not include information on pre-
scriptions that were written, but never filled by a pharmacy. Third, calculated daily dose in mg
MEQ was estimated from filled prescriptions from the ODB program and so unused prescrip-
tion medications, and drugs obtained illicitly or paid for with cash were not identified. There-
fore, our estimates of daily opioid dose may be underestimates of the true daily dose of opioids
used by our cohort. Fourth, we used the Ontario Cancer Registry to exclude individuals with a
past cancer diagnosis from our study cohort. Although this registry is reported to be over 95%
complete, it is possible that we missed a small number of cancer diagnoses, thus mis-classifying
these patients as opioid users for chronic non-cancer pain [25]. Finally, we were unable to
determine if opioid-related emergency department visits and hospital admissions were a result
of prescribed or non-prescribed opioids.

Conclusion and Implications

In summary, we found that although the Canadian clinical practice guidelines may have led to
moderate reductions in opioid prescribing among Ontario Public Drug Program beneficiaries,
these guidelines and subsequent enactment of the NSAA legislation have not led to significant
changes on rates of opioid-related overdose. These findings provide insight as to the potential
impact of both policies and guidelines in the area of opioid misuse and abuse and suggest that,
while progress is being made in Canada, improved strategies and programs surrounding the
prescribing of long-acting opioids—particularly at high doses—are needed.
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