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Abstract

BACKGROUND AND AIMS

The burden of premature mortality due to opioid-related death has not been fully char-
acterized. We calculated temporal trends in the proportion of deaths attributable to
opioids and estimated years of potential life lost (YLL) due to opioid-related mortality.

DESIGN
Cross-sectional study

SETTING
Ontario, Canada

PARTICIPANTS
Individuals who died of opioid-related causes between January 1991 and December
2010.

MEASUREMENTS

We used the Registered Persons Database and data abstracted from the Office
of the Chief Coroner to measure rates of opioid-related mortality, annually. The
proportion of all deaths related to opioids was determined by age group in each
of 1992, 2001 and 2010. The YLL due to opioid-related mortality were estimated,
applying the life expectancy estimates for the Ontario population.

FINDINGS

We reviewed 5,935 opioid-related deaths in Ontario between 1991 and 2010. The
overall rate of opioid-related mortality increased by 242% between 1991 (12.2 per
1,000,000 Ontarians) and 2010 (41.6 per 1,000,000 Ontarians; p<0.0001). Similarly,
the annual YLL due to premature opioid-related death increased 3-fold, from 7,006
years (1.3 years per 1000 population) in 1992 to 21,927 years (3.3 years per 1000
population) in 2010. The proportion of deaths attributable to opioids increased
significantly over time within each age group (p<0.05). By 2010, nearly 1 of every 8
deaths (12.1%) among individuals aged 25 to 34 years was opioid-related.

CONCLUSIONS

Rates of opioid-related deaths are increasing, and are concentrated among the
young, leading to a substantial burden of disease in Ontario.
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Introduction

The use of opioids to treat chronic non-cancer pain is the subject of consider-
able debate due to a lack of evidence of efficacy when used over long durations,
and increasing concerns regarding addiction and overdose with these com-
monly prescribed analgesics.”® Several studies have demonstrated a marked
increase in opioid dispensing, use of high-dose opioids, and opioid-related
deaths in North America.”* These trends have led to significant concern among
clinicians and policy makers, as well as the wider public regarding the safety
of these medications.*”

Loss of life due to opioid overdose poses a considerable societal burden,
especially in light of the number of such deaths among young and middle-aged
adults. In North America, most opioid-related deaths occur in people younger
than 55 years of age.®'® Moreover, recreational use of opioids among adolescents
is increasing, with approximately 1 in 7 high school seniors and university stu-
dents reporting past non-medical use of these drugs."? The economic impact
of this premature mortality is substantial, with estimates exceeding $18 billion
from lost future earnings in the United States in 2009.%

While the rising prevalence of opioid use and opioid-related death has been
reported in several jurisdictions,’®4'5 estimates of the burden of premature death
involving opioids are scarce, and limited by the under-reporting of opioid-related
deaths.®"” The 2010 Global Burden of Disease Study recently published burden
of disease estimates for mental health and substance use disorders, reporting
that illicit drug use accounted for a large proportion of the global burden of
disease for these conditions.”™ They estimate that 3.6 million years of life were
lost in 2010 worldwide due to drug use disorders, defined as harmful use and
dependence of opioids and cocaine. While these findings highlight the impor-
tance of the issue, the validity of their reliance on International Classification of
Diseases (ICD) categories of drug-related disorders using multiple data sources
is debated in the literature.’'® As discussed by the authors of the study, the use
of these codes likely led to considerably underestimation of the prevalence of
events, and thus the burden of disease.’® Accordingly, we used data abstracted
directly from coroner’s records to estimate the burden of opioid-related mortality
in Ontario and the proportion of all deaths involving opioids among various age
groups at the population-level.
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Methods

STUDY SETTING AND POPULATION

We conducted a serial cross-sectional study of all opioid-related deaths in Ontario,
Canada between January 1,1991 and December 31,2010. Ontario is Canada’s largest
province, with more than 13.2 million residents in 2010, all of whom have access to
publicly-funded health insurance for physician and hospital services. This study
was approved by the research ethics board of Sunnybrook Health Sciences Centre,
Toronto, Ontario. The reporting of this study aligns with STROBE guidelines for
observational studies.?

OPIOID-RELATED DEATHS

Information regarding opioid-related deaths was abstracted from records of
all deaths involving drugs or alcohol from the Office of the Chief Coroner (OCC)
of Ontario. In Ontario, all deaths that are sudden and unexpected, or unnatural,
are investigated by the OCC to ascertain cause and manner of death. Data were
abstracted for all deaths between 2007 and 2010 by S.C. using methods consistent
with data abstracted and published previously.™ If the abstractor was uncertain of
the cause of death, the file was reviewed by I.A.D., D.N.J, or both. Any disagreements
were resolved by consensus. Opioid-related deaths were defined by the coroner as
those deaths in which postmortem toxicologic analyses revealed opioid concen-
trations sufficiently high to cause death, or if a combination of drugs (including at
least one opioid at clinically significant levels) contributed to death. Deaths were
not defined as opioid-related if another drug was present on the toxicologic analysis
at concentrations sufficient to cause death. All deaths involving heroin (identified
on the police record or by the presence of 6-monoacetylmorphine on postmortem
toxicologic analysis) with no other opioid present at time of death were excluded.
We calculated annual rates of opioid-related deaths over the study period and used
the Ontario Registered Persons Database (RPDB) to determine the demographic
characteristics of all patients who died between 1991 and 2010.

MEASURES OF BURDEN

Patients were stratified into 7 age groups (O to 14 years, 15 to 24 years, 25 to 34
years, 35 to 44 years, 45 to 54 years, 55 to 64 years, and 65 years or older) and the
burden of opioid-related death was quantified in two ways. First, we calculated the
proportion of deaths in each age group that involved an opioid, using the RPDB to
identify deaths from all causes in Ontario. This analysis was performed at three time
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points over our study period: 1992,2001 and 2010. Second, we calculated the years
of potential life lost (YLL) due to premature mortality using methods adapted from
the Global Burden of Disease (GBD) and Ontario Burden of Disease studies.2"22
Specifically, the total number of deaths were calculated by sex and 5-year age group,
and the standard loss function was defined using the life expectancy for the Ontario
population. Years of life lost were calculated without discounting as the product
between the age- and sex-specific number of deaths and life expectancy. Overall
estimates of years of life lost were calculated as the sum of all sex and age group
pairs. In two sensitivity analyses, we first applied a 3% discounting rate to our
primary analysis, and then replicated all analyses using standard life expectancy
tables developed for the WHO’s 2008 Global Burden of Disease study.? Years of
life lost were reported overall and stratified into the age groups defined above, and
calculated for each of 1992, 2001 and 2010.

STATISTICAL ANALYSES

We conducted descriptive analyses of all individuals whose deaths were opi-
oid-related during our study period. Rates of opioid-related deaths and YLL were
standardized to the population size each year using data from Statistics Canada.
We used chi-square tests to test for differences in the opioid-related death rate
between 1991 and 2010 and the Cochran-Armitage test to assess for a significant
trend in the proportion of deaths related to opioids between 1992, 2001 and 2010.
Finally, we fit a logistic regression model to test for an interaction between age
group and year in the risk of opioid-related death. All tests were 2-sided with a 5%
probability of type | error as the threshold for statistical significance. All analyses
were conducted using SAS Version 9.3 (SAS Institute, Cary, North Carolina) at the
Institute for Clinical Evaluative Sciences.

Results

OPIOID-RELATED DEATH

Over the 22-year study period, we identified 5,935 people whose deaths were opi-
oid-related in Ontario. The median age at death was 42 years (interquartile range
34 to 50 years), 64.4% (N=3,822) of decedents were men and 90.0% (N=5,340)
lived in an urban neighborhood. Over the study period, rates of opioid-related
death increased dramatically, rising 242% from 12.2 deaths per million in 1991
(127 deaths annually) to 41.6 deaths per million in 2010 (550 deaths annually;
p<0.0001; Figure 3.1).
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BURDEN OF OPIOID-RELATED MORTALITY

The proportion of all deaths related to opioids rose 3-fold between 1992 and 2010,
from 0.2% to 0.6% (p<0.0001; Table 3.1). This proportion increased significantly
within each age group (p<0.05), with the exception of the youngest age group,
in which the small number of deaths precluded statistical analysis (Table 3.1;
Figure 3.2). Results of the logistic regression analysis incorporating an interaction
between year and age group suggested that the increase in the proportion of
deaths that were opioid related differed significantly between groups (p=0.007).
The highest absolute increase occurred among individuals aged 25 to 34 years, in
whom the proportion of deaths related to opioids increased from 3.3% in 1992 to
12.1% in 2010. The highest relative increases occurred among people aged 15 to
24 years (a 6.3-fold increase, from 0.9% to 5.8% of all deaths) and those aged 55
to 64 years (also a 6.3-fold increase, from 0.1% to 0.7% of all deaths).
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Figure 3.1: Annual Rate of Opioid-Related Mortality (per 1,000,000 population) in Ontario. 1991 to 2010.

Deaths abstracted from the Office of the Chief Coroner of Ontario were deemed opioid-related by
the coroner if postmortem toxicologic analysis revealed opioid concentrations sufficiently high to
cause death, or if a combination of drugs (including at least one opioid at clinically significant levels)
contributed to death. Rates presented per 1,000,000 population.
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Figure 3.2: Proportion of All Deaths that are opioid-related, by age group. 1992,2001 and 2010.

The proportion of deaths in each age group that involved an opioid was calculated using opioid-re-
lated death data abstracted from the Office of the Chief Coroner of Ontario and deaths from all causes
identified using the Ontario Registered Persons Database. This analysis was performed at three time
points over our study period: 1992, 2001 and 2010.

The annual YLL due to premature death involving opioids increased 3-fold, from
7,006 years (1.3 years per 1000 population) in 1992 to 21,927 years (3.3 years per
1000 population) in 2010 (Table 3.1).In 2010, deaths among individuals aged 25 to
54 accounted for 17,395 years of life lost, or 79.3% of all years lost due to premature
opioid-related mortality. In a sensitivity analysis applying a 3% discounting rate to
the Ontario estimates, the YLL increased from 3,864 years in 1992 to 12,413 years in
2010 (Table 3.2). These findings were consistent when modeling life expectancy
using the 2008 GBD life tables (Table 3.3).
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Table 3.2: Years of Life Lost due to Premature Mortality, using Ontario Life Tables, applying 3% Discounting
Rate.

1992 2001 2010
Age Group YLL YLL per YLL YLL per YLL YLL per
1000 1000 1000
Population Population Population
0-14 0 0.0 59 0.1 30 0.0
15-24 253 0.3 419 0.5 1,089 1.2
25-34 1,365 1.4 1,397 1.6 2,950 3.3
35-44 1,324 1.6 2,580 2.5 3,283 3.5
45-54 651 1.1 1,539 1.8 3,580 3.4
55-64 177 0.4 472 0.9 1,249 1.6
265 94 0.2 194 0.3 232 0.3
Total 3,864 0.7 6,660 1.1 12,413 1.9

Table 3.3: Years of Life Lost due to Premature Mortality, using standard life tables from the 2008 Global
Burden of Disease Study

1992 2001 2010
Age Group YLL YLL per YLL YLL per YLL YLL per
1000 1000 1000
Population Population Population
Without Discounting
0-14 0 0.0 139 0.1 82 0.1
15-24 545 0.7 901 1.1 2,346 2.6
25-34 2,654 2.8 2,741 3.2 5,806 6.5
35-44 2,335 2.8 4,534 4.4 5,693 6.1
45-54 1,011 1.7 2,414 2.9 5,609 5.3
55-64 241 0.5 656 1.2 1,739 2.2
265 110 0.2 226 0.3 256 0.3
Total 6,896 1.3 11,611 2.0 21,531 3.3
3% Discounting
0-14 0 0.0 58 0.1 30 0.0
15-24 251 0.3 417 0.5 1,086 1.2
25-34 1,357 1.4 1,391 1.6 2,943 3.3
35-44 1,318 1.6 2,563 2.5 3,248 3.5
45-54 644 1.1 1,528 1.8 3,536 3.4
55-64 171 0.4 459 0.8 1,223 1.5
265 88 0.1 182 0.2 210 0.2
Total 3,829 0.7 6,599 1.1 12,276 1.9




Discussion

In this population-based analysis of opioid-related deaths, we found that the bur-
den of premature mortality from opioids has increased dramatically over the past
two decades. In 2010, approximately 1 of every 170 deaths (0.6%) was related to
opioids, accounting for more than 20,000 years of life lost annually. Extrapolating
these findings to the United States (where rates of opioid use, misuse and death
are comparable to those in Canada), opioid-related deaths accounted for more than
half a million years of life lost annually. Equally striking is that among adults aged
24 to 35 years, almost 1in 8 deaths involved an opioid.

The extraordinary number of years of life lost due to premature death related
to opioids reflects in part the disproportionate number of these deaths among
younger individuals, and highlights the public health and societal burden of opioid
overdose. It is particularly concerning that the YLL almost doubled from 2001 to
2010, indicating a significant and dramatic rise in the impact of opioid overdose
over the last decade. Indeed, by 2010 the YLL attributable to opioid-related deaths
in our study (21,927 years) exceeded that attributable to alcohol use disorders
(18,465 years) and pneumonia (18,987 years), and greatly exceeded that from HIV/
AIDS (4,929 years) and influenza (2,548 years) in Ontario.”?

Our findings align with those of the 2010 GBD study, which demonstrated an
increasing burden of drug dependence over the last two decades, and suggested
that this burden is largely driven by years of life lost due to premature mortality.”®
The consistency between these two studies highlights the global relevance of
drug-related disorders, and opioid-related death in particular.

A key strength of our study is the use of data abstracted directly coronial
records to determine the prevalence of opioid-related deaths. All unexpected and
unnatural deaths in Ontario are investigated by a coroner, and their determination
of opioid-related death is typically based on postmortem toxicologic analyses.
Therefore, our estimates are likely to provide a more accurate assessment of the
burden of opioid-related death, with very little misclassification. In contrast, pre-
vious studies in this area have relied on ICD codes and multiple data sources (e.g.
vital registration, verbal autopsies, surveillance data) to diagnose drug depen-
dence’®24, a method which has questionable validity.”® Indeed, the authors of the
GBD study discuss this as a key limitation of their analysis and suggest that their
results likely underestimate the true burden of drug use disorders for this reason.™
However, several limitations of our study also merit emphasis. First, we focused our
analysis on years of potential life lost, and were unable to estimate the impacts of
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reduced functioning from living with opioid dependence or addiction. As a result,
our findings underestimate the true burden of opioid use, abuse and overdose.
Second, we were unable to account for potential quality of life improvements that
may be associated with treatment of chronic pain, and so could not measure the
downstream economic and societal implications of pain management. Third, people
prescribed opioids may have other comorbid conditions that could contribute to
lower life expectancies than the general population, or may become addicted to
other harmful substances in the absence of prescription opioids. As a result we may
have overestimated the YLL due to premature mortality in our analyses. However,
given the young age at which most opioid-related deaths occur®', widespread pre-
scribing of opioids™?2, as well as the high prevalence of non-medical use of these
drugs™, it is likely that this had minimal impact on our findings. Finally, although we
excluded deaths related to heroin using toxicologic analysis and police records,
it is possible that a small number of heroin-related deaths were misclassified as
morphine-related.

Conclusion

This study demonstrates the high burden of opioid-related deaths that results from
the concentration of these deaths in younger populations. The finding that 1in 8
deaths among young adults were attributable to opioids underlines the urgent need
for a change in perception regarding the safety of these medications.
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