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Relation between opioid-related harms and socioeconomic
inequalities in Ontario: a population-based descriptive study
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Background: Negative health outcomes associated with the use of both prescribed and nonprescribed opioids are increasingly prev-
alent. We examined long-term trends in opioid-related harms in Ontario across a set of 6 indicators and the relation between harms
and neighbourhood income in 2016.

Methods: We examined rates of neonatal abstinence syndrome, opioid poisoning (fatal and nonfatal) and nonpoisoning opioid-
related events from 2003 to 2016 in Ontario using population-based health administrative databases. We conducted descriptive
analyses for harm indicators across neighbourhood income quintiles in 2016 (2015 for death). We examined social inequalities in
opioid-related harms on both relative (prevalence ratio) and absolute (potential rate reduction) scales.

Results: Rates of opioid-related harms increased dramatically between 2003 and 2016. In 2016, neonatal abstinence syndrome and
opioid poisoning and nonpoisoning events showed a strong social gradient, with harm rates being lowest in higher-income neighbour-
hoods and highest in lower-income neighbourhoods. Prevalence ratios for the lowest-income neighbourhoods compared to the
highest-income neighbourhoods ranged from 2.36 (95% confidence interval [Cl] 2.15-2.58) for emergency department visits for opi-
oid poisoning to 3.70 (95% CIl 2.62-5.23) for neonatal abstinence syndrome. Potential rate reductions for opioid-related harms
ranged from 34.8% (95% Cl 29.1-40.1) to 49.9% (95% CIl 36.7—60.5), which suggests that at least one-third of all harmful events
could be prevented if all neighbourhoods had the same socioeconomic profile as the highest-income neighbourhoods.

Interpretation: Rates of opioid-related harms increased in Ontario between 2003 and 2016, and people in lower-income neighbour-
hoods experienced substantially higher rates of opioid-related harms than those in higher-income neighbourhoods. This finding can
inform planning for opioid-related public health interventions with consideration of health equity.

n the past 25 years, rates of opioid-related death in

Ontario have increased by 285%, with 867 deaths in the

province in 2016 alone.! This increase, consistent with
those seen across Canada and internationally, has been asso-
ciated with the widespread dispensing of prescription opi-
oids.”” Globally, Canada is the second-largest consumer of
prescription opioids, with Ontario having the highest dis-
pensing rates of potent opioids in the country.®’ Adding to
the challenge of high rates of opioid exposure in the popula-
tion is the availability of fentanyl in the illicit drug supply,
which has led to a rapidly growing number of opioid-related
deaths in both the United States and Canada."%?

Previous analyses of opioid-related harms in Ontario have
focused almost exclusively on the burden of accidental and
intentional opioid poisoning, which provides an important but
limited assessment of the array of harms related to opioid use.
We aimed to expand on this by investigating trends in less
common indicators of opioid use, such as opioid dependence
and neonatal abstinence syndrome. Furthermore, unemployed
people and those living in poverty are especially at risk for
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opioid-related harms: studies have shown increased poison-
ings occurring after income assistance payments, and deaths
during economic downturns.'®!* Our objectives in the present
study were twofold. The first was to identify long-term trends
in the prevalence of multiple indicators of opioid-related
harms — neonatal abstinence syndrome, opioid poisoning
(emergency department visit, hospital admission and death)
and nonpoisoning opioid-related events (emergency depart-
ment visit and hospital admission) — in Ontario from 2003 to
2016. Our second objective was to conduct a descriptive
analysis of these indicators and their relation with neighbour-
hood income in 2016.
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Data sources and case identification

To complete our first objective, we conducted a population-
based assessment including all cases of opioid-related illness
and death identified in population-based health administrative
data sets in Ontario from 2003 to 2016. We extracted age, sex,
date of hospital admission, postal code of residence and all diag-
nosis codes for all cases. We used the following databases to
capture morbidity: the Canadian Institute for Health Informa-
ton Discharge Abstract Database, which captures administra-
tive and demographic information on Canadian hospital dis-
charges," the National Ambulatory Care Reporting System,
which contains clinical information for all hospital-based ambu-
latory care,'® and the Ontario Mental Health Reporting Sys-
tem, which contains administrative data on adult acute care
mental health beds.!” Data from these sources have been shown
to be valid and reliable.'® We retrieved data on opioid-related
deaths from the Ontario Opioid-Related Death Database, the
methods for which have been described previously.!” The data-
base now contains detailed information on all opioid-related
deaths that occurred in Ontario between 1991 and 2016, as
determined by the Office of the Chief Coroner of Ontario.
Case counts can shift slightly over time as confirmed cases from
the Office of the Chief Coroner are entered. At the time of data
extraction for this study, death data were available only to 2015.

Neonatal abstinence syndrome is defined by withdrawal
symptoms an infant may experience after birth if the mother
used certain medications or other substances during preg-
nancy.”’ We identified cases of neonatal abstinence syndrome
in the Discharge Abstract Database by International Statistical
Classification of Diseases and Related Health Problems, 10th
revision, enhanced Canadian version (ICD-10-CA) code P96.1.
Cases were excluded if the infant was older than 28 days. One
case was counted per infant regardless of how many times the
infant was admitted to hospital in the first 28 days of life.

Opioid poisoning includes any therapeutic, intentional,
accidental or unknown use of opioids resulting in poisoning.
We identified opioid poisoning resulting in an emergency
department visit, hospital admission or death from the
National Ambulatory Care Reporting System, Discharge
Abstract Database and Ontario Opioid-Related Death Data-
base, respectively. We identified unique cases by ICD-10-CA
codes for poisoning by drugs, medicaments and biological
substances (140.0-40.4, 'T40.6).

Nonpoisoning opioid-related events include any harmful
effect of opioid use that does not result in poisoning, such as
opioid use disorder or opioid withdrawal. We identified nonpoi-
soning emergency department visits from the National Ambula-
tory Care Reporting System, and hospital admissions from the
Discharge Abstract Database and Ontario Mental Health
Reporting System. We identified unique cases of nonpoisoning
opioid-related events resulting in an emergency department visit
or hospital admission by ICD-10-CA codes for mental and
behavioural disorders due to use of opioids (F11.0-F11.9). We
identified nonpoisoning opioid-related admissions to a mental

health hospital by Diagnostic and Statistical Manual of Mental Dis-
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orders, fourth edition, text revision®' codes 305.50 and 304.00, and
Diagnostic and Statistical Manual of Mental Disorders, fifth edition™
codes 305.50 and 304.00. For all indicators, cases were excluded
if they had a query or suspect diagnosis.

Quantifying neighbourhood income

To complete our second objective, we quantified neighbour-
hood income in Ontario using the 2011 Statistics Canada
Annual Estimates for Census Families and Individuals (T'1
Family File) after-tax low-income measure.”? The low-income
measure is defined as 50% of the median census family income
for a given family type and size. We used tax filer data from
2011 on the basis of availability and because Statistics Canada
data showed that the proportion of low-income residents in
Ontario did not change substantially from 2011 to 2015.%

For the purposes of this investigation, we ranked Ontario
dissemination areas by the proportion of census families in the
area earning less than the after-tax low-income measure. Dis-
semination areas are made up of about 400-700 people living in
1 or more adjacent city blocks, as defined by the Statistics Can-
ada Census Program; there were 19 688 dissemination areas in
Ontario in 2011. We categorized dissemination areas into
quintiles, with quintile 1 comprising areas with the lowest
income and quintile 5 comprising areas with the highest
income. We excluded 327 dissemination areas from the quintile
calculation as they had a population of 0 or tax information was
suppressed in the data because fewer than 100 people in the
area filed tax returns. Descriptive characteristics of each income
quintile are given in Supplementary Table Al, Appendix 1,
available at www.cmajopen.ca/content/6/4/E478/suppl/DCI1.

Geocoding of cases to income quintiles

Postal code boundaries in Canada do not directly align with
dissemination area boundaries. To mitigate this, we geocoded
cases of neonatal abstinence syndrome and opioid poisoning
and nonpoisoning events to their corresponding census dis-
semination areas by joining the postal code of residence with
the Statistics Canada Postal Code®™ Conversion File.6 We
used the single-link indicator if the postal code of a case corre-
sponded to more than 1 dissemination area. The single-link
indicator determines the postal code to which a dissemination
area corresponds by determining where the majority of dwell-
ings in a given postal code are located.

Rate calculations

We obtained annual counts of live births in Ontario hospitals
from 2003 to 2016 from the Discharge Abstract Database and
used them as the denominator to calculate yearly rates of neonatal
abstinence syndrome. We obtained Ontario population estimates
for 2003 to 2015 and projections for 2016 from IntelliHealth
Ontario and used them as the denominator to calculate yearly
rates of opioid-related poisoning and nonpoisoning events.”’**

To calculate quintile-specific rates for neonatal abstinence
syndrome and opioid poisoning and nonpoisoning events, we
first created our quintiles as determined by the 2011 Statistics
Canada T'1 Family File. However, because the Ontario popu-
lation grew by about 700 000 between 2011 and 2016, the
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total population estimated by the T1 Family File is markedly
smaller than the current Ontario population. Therefore, if we
were to create quintile-specific rates of neonatal abstinence
syndrome and opioid poisoning and nonpoisoning events
using this measure of population, they would be overestimates
of the true incidence. To account for this, we calculated the
proportion of the population in each income quintile as esti-
mated by the T1 Family File and applied it to the total
Ontario 2016 population used in our yearly rates to create a
more accurate denominator. We were then able to compare
our annual rates for neonatal abstinence syndrome and opioid
poisoning and nonpoisoning events to our quintile-specific
rates. Owing to a lack of data on opioid-related deaths for
2016, we calculated quintile-specific rates for deaths for 2015.

Statistical analysis

We calculated crude rates and 95% confidence intervals (Cls)
of neonatal abstinence syndrome, opioid poisoning and non-
poisoning opioid-related events in the population and across
income quintiles. We calculated prevalence ratios (PRs) and
corresponding 95% Cls by comparing rates of neonatal absti-
nence syndrome and opioid poisoning and nonpoisoning
events in the lowest quintile to those in the highest quintile.

We calculated potential rate reductions (PRRs) and corre-
sponding 95% Cls for each opioid-related indicator.?” The
PRR represents the potential reduction in rates of a health
outcome if all groups had the same income profile as the
highest income quintile. A higher PRR represents greater
inequality in the population. We calculated attributable cases
and corresponding 95% Cls by multiplying each PRR by the
total number of cases in the population for a given indicator.
The attributable cases represent the absolute number of cases
in a population that could be prevented if all groups experi-
enced the same rate of opioid-related harms as the highest
income quintile. All statistical analyses were conducted with
the use of SAS version 9.3 statistical software (SAS Institute).

Ethics approval
"This project was approved by the Public Health Ontario Eth-
ics Review Board.

Descriptive statistics
Table 1 presents the distribution of neonatal abstinence syn-
drome, emergency department visits and hospital admissions

Table 1: Descriptive characteristics of neonatal abstinence syndrome and opioid poisoning and nonpoisoning events in 2016, and
opioid-related death in 2015
Indicator; no. (%) of cases
Opioid poisoning Nonpoisoning event
Neonatal
abstinence Emergency Hospital Emergency Hospital
syndrome department visit admission Death department visit admission

Characteristic n =882 n = 4420 n=1893 n =730 n=7575 n = 3886
Age, yr

<14 - 89 (2.0) 42 (2.2) 1(0.1) 11 (0.1) 33(0.8)

15-24 - 701 (15.8) 164 (8.7) 71 (9.7) 1226 (16.2) 445 (11.4)

25-44 - 1898 (42.9) 533 (28.2) 303 (41.5) 4307 (56.8) 1804 (46.4)

45-64 - 1257 (28.4) 721 (38.1) 318 (43.6) 1701 (22.4) 1140 (29.3)

> 65 - 475 (10.7) 432 (22.8) 34 (4.6) 325 (4.3) 464 (11.9)

Missing - 0 (0.0) 1(0.05) 3(0.4) 5(0.1) 0 (0.0)
Sex

Male - 2461 (55.7) 910 (48.1) 474 (64.9) 4610 (60.8) 1881 (48.4)

Female - 1958 (44.3) 982 (51.9) 256 (35.1) 2965 (39.1) 2005 (51.6)

Not identified - 1(0.02) 1 (0.05) 0 (0.0) 0 (0.0) 0 (0.0)
Income quintile

1 (lowest) 384 (43.5) 1283 (29.0) 562 (29.7) 251 (34.4) 2214 (29.2) 1456 (37.5)

2 176 (20.0) 806 (18.2) 364 (19.2) 148 (20.3) 1381 (18.2) 692 (17.8)

3 135 (15.3) 790 (17.9) 350 (18.5) 109 (14.9) 1653 (21.8) 634 (16.3)

4 103 (11.7) 728 (16.5) 335 (17.7) 102 (14.0) 1021 (13.5) 572 (14.7)

5 (highest) 64 (7.2) 480 (10.8) 208 (11.0) 74 (10.1) 638 (8.4) 384 (9.9)

Undetermined* 20 (2.3) 333 (7.5) 74 (3.9) 46 (6.3) 668 (8.8) 148 (3.8)
*Owing to missing postal code, invalid postal code or suppressed dissemination area information.
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for opioid poisonings and nonpoisoning events (2016) and
for opioid-related deaths (2015) by age, sex and income quin-
tile related to the most recent available data. Opioid poison-
ing and nonpoisoning events occurred primarily in people
aged 25-64 years. Hospital admission for both opioid poi-
soning and nonpoisoning events was relatively evenly distrib-
uted between the sexes, whereas the proportions of deaths
and poisoning and nonpoisoning emergency department vis-
its were higher among males than among females. People
from lower income quintiles, particularly the lowest quintile,
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were more likely to experience opioid-related events across
all indicators than those from higher income quintiles.

Long-term trends in the prevalence of opioid-related
harms

Figure 1 presents crude rates of neonatal abstinence syn-
drome, opioid poisoning and nonpoisoning opioid-related
events in Ontario from 2003 to 2016. Annual rates and corre-
sponding 95% Cls for neonatal abstinence syndrome and opi-
oid poisoning and nonpoisoning events can be found in
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Figure 1: Crude rates of neonatal abstinence syndrome (A) and opioid poisoning and nonpoisoning events (B) in Ontario,

2003-2016. Note: ED = emergency department.
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Supplementary Table A2, Appendix 1. Over the study period,
the percent change in indicator rates ranged from an increase
of 39.8% in opioid poisoning hospital admissions to an
increase of 499.9% in neonatal abstinence syndrome. From
2014 to 2016, however, rates of neonatal abstinence syndrome
held relatively constant, around 6.5 cases per 1000 live births.
Rates of emergency department visits for nonpoisoning events
increased by 286.0%, from 14.06 per 100 000 in 2003 (z =

1721) to 54.26 per 100 000 in 2016 (z = 7575). Despite a large
absolute decrease in nonpoisoning emergency department vis-
its between 2011 (#z = 7046) and 2014 (» = 5659), rates
returned to their previous levels in 2016.

Rates of opioid-related harms by income quintile
Figure 2 presents crude rates of each outcome in 2016 (2015
for death) by income quintile. All indicators showed a social
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Figure 2: Crude rates of emergency department visits (A) and hospital admission (B) for opioid poisoning, nonpoisoning opioid-related
emergency department visits (E) and hospital admission (F), and neonatal abstinence syndrome (D) by neighbourhood income quintile in
Ontario in 2016, and of opioid-related death by neighbourhood income quintile in Ontario in 2015 (C). Note: Q1 = lowest-income neighbour-

hood, Q5 = highest-income neighbourhood.
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gradient, with rates of opioid-related harms increasing from
the highest to the lowest income quintile. The rates of
opioid-related harms differed most between the highest and
lowest income quintiles for neonatal abstinence syndrome
(3.23 v. 11.95 per 1000 live births), nonpoisoning hospital
admissions (15.27 v. 51.03 per 100 000 people) and nonpoi-
soning emergency department visits (25.36 v. 74.36 per
100 000 people).

Prevalence of opioid-related harms and cases
attributable to income inequality

Table 2 presents the PR, PRR and absolute number of
cases attributable to socioeconomic inequalities in the pop-
ulation for neonatal abstinence syndrome and opioid poi-
soning and nonpoisoning events. Significant social inequali-
ties were observed on both absolute and relative scales.
Compared to living in the highest-income neighbourhoods,
living in the lowest-income neighbourhoods was associated
with at least double the prevalence of opioid-related harms
for neonatal abstinence syndrome (PR 3.70, 95% CI 2.62—
5.23), hospital admission (PR 2.38, 95% CI 2.07-2.73) and
emergency department visits (PR 2.36, 95% CI 2.15-2.58)
for opioid poisoning, death (PR 2.99, 95% CI 2.25-3.97),
and nonpoisoning hospital admission (PR 3.34, 95% CI
2.92-3.83) and emergency department visits (PR 3.06, 95%
CI2.77-3.38).

Rates of opioid-related harms would decrease markedly if
all income groups were to experience the same rates as the
highest-income neighbourhoods, ranging from a PRR of
34.8% for poisoning emergency department visits to 49.9%
for neonatal abstinence syndrome. In absolute terms, this
would mean a substantial annual reduction in the number of
emergency department visits, hospital admissions and deaths
due to neonatal abstinence syndrome, opioid poisoning and
nonpoisoning opioid-related events.
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Rates of opioid-related harms increased markedly from 2003
to 2016 in Ontario. In 2016, rates of neonatal abstinence syn-
drome and opioid poisoning and nonpoisoning events were
all higher with lower neighbourhood income. The lowest
income quintile was particularly at risk for opioid-related
harms, with rates at least double those of the highest income
quintile. Potential rate reduction calculations indicated that
at least 30% of the cases of opioid poisoning, nonpoisoning
opioid-related events and neonatal abstinence syndrome
could be prevented if all income groups experienced the same
rates as the highest-income group. Together, these results
suggest that there may be substantial disparities in opioid-
related illness and death between low- and high-income areas
in Ontario. Notably, because people who use opioids may
not pursue medical help at a hospital, for a variety of reasons,
reported values are likely to be an underestimate of the true
rates and income inequalities in opioid-related harms in the
province.

Our results expand on a well-established pattern in the lit-
erature showing increases in rates of neonatal abstinence syn-
drome over time*** by demonstrating that, in Ontario, the
syndrome is disproportionately experienced by infants from
low-income neighbourhoods. This finding is consistent with
findings from other jurisdictions outside of Canada.’*** The
observed rates of other opioid poisoning and nonpoisoning
events also fit with what is known on opioid-related harms in
Ontario and the United States.'?** One particular trend of
interest is that of the large decrease in nonpoisoning opioid-
related emergency department visits around 2011, with a sub-
sequent rise in 2014. Although it could not be causally con-
nected, we speculate that this may be related to the
introduction in February 2012 of tamper-resistant oxycodone
in Ontario, as this trend maps with the decrease in oxycodone-

2015

Table 2: Prevalence ratios, potential rate reductions and cases attributable to socioeconomic
inequality of neonatal abstinence syndrome and opioid poisoning and nonpoisoning
emergency department visits and hospital admissions in 2016, and opioid-related deaths in

PR

Indicator (95% Cl)

PRR, %
(95% Cl)

Attributable cases
(95% ClI)

Neonatal abstinence 3.70 (2.62-5.23)

syndrome
Opioid poisoning

Emergency 2.36 (2.15-2.58)

department visit
2.38 (2.07-2.73)
2.99 (2.25-3.97)

Hospital admission
Death
Nonpoisoning events

Emergency 3.06 (2.77-3.38)

department visit

Hospital admission 3.34 (2.92-3.83)

49.9 (36.7-60.5) 440.1 (324.0-533.7)

34.8 (29.1-40.1) 1538.9 (1287.8-1772.4)

36.5 (28.0-44.2)
40.0 (25.8-51.7)

691.6 (529.2-836.9)
2917 (188.1-3775)

48.7 (44.8-52.4) 3691.6 (3394.9-3969.3)

43.0 (37.4-48.2) 1670.4 (1451.5-1871.7)

Note: Cl = confidence interval, PR = prevalence ratio, PRR = potential rate reduction.
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related deaths in Ontario and the rise in deaths related to fen-
tanyl and hydromorphone soon after.* It may also be related
to the change in opioid-prescribing guidelines in 2010 and the
expansion of methadone and buprenorphine programs.*#
The lack of a concomitant decrease in other indicators sug-
gests that the change in oxycodone formulation did not affect
opioid use in poisoning events.

Limitations

The use of administrative databases presents several limita-
tions to our study: we captured only Ontario residents who
visited an emergency department, were admitted to hospital
or died in the province over our study period, and 6.6% (n =
1289) of all cases were excluded because the postal code of
residence was not recorded, was invalid or was geocoded to a
suppressed dissemination area. We were not able to deter-
mine whether people identified in the databases used opioids
acquired by prescription, obtained them through diversion of
prescription medication or used an illicit opioid. Although
this limits the specificity of our analysis, it captures the overall
burden in the entire population rather than only those who
were prescribed opioids. Finally, the set of indicators used in
this analysis does not represent a comprehensive list of all
opioid-related harms; rather, the indicators are those that
could be adequately captured with available data. To our
knowledge, there have been no validation studies for the
ICD-10-CA codes used to capture cases of the indicators;
however, these codes have been consistently used in similar
studies of opioid-related harms in which administrative data-
bases were used.>*¥!

Our analysis also makes some important assumptions. We
used neighbourhood income as a proxy for individual income;
however, although the two often reflect similar trends, they
are not always equivalent. In addition, assigning 2011 income
levels to 2015 and 2016 health data may have introduced mis-
classification errors if neighbourhood income had changed
substantially over that time. However, misclassification in
neighbourhood income over time is likely to be nondifferen-
tial, which would serve only to decrease the strength of the
relation between income and opioid-related harms. Maternal
opioid use is not the only cause of neonatal abstinence syn-
drome, but it has been widely used as an indicator of opioid
use in previous research.¥=* In a study of infants with neona-
tal abstinence syndrome born in Ontario between 2006 and
2011, 67% of mothers had received an opioid prescription
within 100 days of delivery.*” We could not calculate age-
standardized rates owing to methodological limitations in
using tax filer data for creating income quintiles; this presents
an important next step in future analyses of this topic. How-
ever, because age-specific rates of opioid-related illness and
death over time have neither been constant nor held a consis-
tent relation between age groups, the use of crude rates
remains appropriate.*3% Last, because this study evaluated
the effect of income inequality, the relative and absolute cal-
culations presented are notably high and are likely representa-
tive of the many risks for opioid-related harms associated with
income disparities.!!*
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Conclusion

We observed steady increases in rates of neonatal abstinence
syndrome, emergency department visits and hospital admis-
sions for opioid poisoning, and nonpoisoning opioid-related
emergency department visits and hospital admissions from
2003 to 2016 in Ontario. Our results suggest that people liv-
ing in lower-income neighbourhoods experienced higher rates
of opioid-related harms in 2016 (2015 for death) than those in
higher-income neighbourhoods. The results affirm a long-
established pattern wherein social and structural root causes
such as income inequality often go unaddressed, to the detri-
ment of those most at risk. These findings can be used not
only to inform opioid-related public health interventions as
they relate to high-risk populations and neighbourhoods but
also to encourage further discussion about health inequities
and their underlying causes.
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