Eur J Clin Pharmacol (2017) 73:1287-1295
DOI 10.1007/500228-017-2278-3

@ CrossMark

PHARMACOEPIDEMIOLOGY AND PRESCRIPTION

Adverse cardiac events associated with incident opioid drug use

among older adults with COPD

Nicholas T. Vozoris"** - Xuesong Wang* - Peter C. Austin*" - Douglas S. Lee>*" .
Anne L. Stephenson '~ « Denis E. O’Donnell ® - Sudeep S. Gill*® - Paula A. Rochon**>’

Received: 20 April 2017 /Accepted: 2 June 2017 /Published online: 29 June 2017

© Springer-Verlag GmbH Germany 2017

Abstract

Purpose We evaluated whether incident opioid drug use was
associated with adverse cardiac events among older adults
with chronic obstructive pulmonary disease (COPD).
Methods This was an exploratory, retrospective cohort study
using health administrative data from Ontario, Canada, from
2008 to 2013. Using a validated algorithm, we identified
adults aged 66 years and older with non-palliative COPD.
Hazard ratios (HR) were estimated for adverse cardiac events
within 30 days of incident opioid receipt compared to controls
using inverse probability of treatment weighting using the
propensity score.

Results There were 134,408 community-dwelling individuals
and 14,685 long-term care residents with COPD identified,
67.0 and 60.6% of whom received an incident opioid.
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Incident use of any opioid was associated with significantly
decreased rates of emergency room (ER) visits and hospitali-
zations for congestive heart failure (CHF) among community-
dwelling older adults (HR 0.84; 95% CI 0.73-0.97), but sig-
nificantly increased rates of ischemic heart disease (IHD)-re-
lated mortality among long-term care residents (HR 2.15; 95%
CI 1.50-3.09). In the community-dwelling group, users of
more potent opioid-only agents without aspirin or acetamino-
phen combined had significantly increased rates of ER visits
and hospitalizations for IHD (HR 1.38; 95% CI 1.08-1.77)
and THD-related mortality (HR 1.83; 95% CI 1.32-2.53).
Conclusions New opioid use was associated with elevated
rates of IHD-related morbidity and mortality among older
adults with COPD. Adverse cardiac events may need to be
considered when administering new opioids to older adults
with COPD, but further studies are required to establish if
the observed associations are causal or related to residual
confounding.

Keywords Opioids - COPD - Cardiac -
Pharmacoepidemiology - Drug safety

Introduction

Prescription opioid drugs are commonly used by individuals
with chronic obstructive pulmonary disease (COPD) [1, 2],
and there is evidence suggesting that their use is rising in this
population [1]. Cardiac disease is also frequent in COPD [3,
4], and about one third of all COPD deaths are estimated to be
cardiac-related [5]. The potential influence of opioid drugs on
cardiac health is somewhat controversial. Some studies have
shown that activation of opioid receptors facilitates the cardio-
protective process of ischemic pre-conditioning [6—8].
However, there are potential mechanisms by which opioid
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drugs may contribute to cardiac harm: reducing venous return
and right ventricular output through the blunting of inspiratory
neural drive, intrathoracic pressure and tidal volume [9]; sub-
stantially reducing myocardial oxygen delivery [10]; hypox-
emia and hypercapnia-mediated decreases in cardiac contrac-
tility [11]; increasing cardiovascular inflammatory factors
(such as fibrinogen and apolipoprotein-B) [12]; and masking
warning anginal symptoms [13]. Previous observational stud-
ies have reported that prescription opioid use in the general
population is associated with increased risk of myocardial
infarction [14, 15] and cardiovascular-related mortality [16].
While previous clinical trials evaluating the efficacy of
opioids for refractory breathlessness in advanced COPD
did not report increased risk of adverse cardiac events
[17-20], these studies were characterized by small sample
sizes [17-20], exclusion of individuals at-risk for drug-
related adverse events (e.g. individuals with certain co-
morbid illnesses [17-20] or those with a history of previ-
ous opioid-related negative effects [18, 19]) and limited
opioid dosing [17-20]. No population-level drug safety
data is available relating to the potential influence of opi-
oid drugs on cardiac health among individuals with
COPD. It is important for the medical community to be
aware of possible opioid-related cardiac adverse events
among individuals with COPD because both opioid drug
use [1, 2] and cardiovascular comorbidity [3, 4] occur
more frequently in COPD compared to the general popu-
lation and individuals with COPD may be more vulnera-
ble to potential opioid-related influences on gas exchange
given pre-existing impairment in oxygenation and venti-
lation. The purpose of this study was to explore the asso-
ciation of new opioid use with risk of adverse cardiac
events among older adults with COPD.

Methods

Study design A retrospective cohort design was used with
population-level health administrative data from Ontario,
Canada, from 1 April 2008 to 30 April 2013. Ontario is a
culturally diverse province, containing about 13.5 million
people (approximately 40% of Canada’s total population).
This study was approved by the review ethics board at
Sunnybrook Health Sciences Centre.

Data sources Using unique encoded identifiers, we linked 13
health administrative databases housed at the Institute for
Clinical Evaluative Sciences (ICES) in Toronto, Ontario,
Canada. A population-based database containing Ontarians
with validated physician-diagnosed COPD was used. The
methods used to validate COPD health administrative codes
have been previously described [21]. We used a highly spe-
cific algorithm to identify individuals with COPD, based on
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three or more ambulatory claims for COPD within any 2-year
period or one or more hospitalization(s) for COPD (specificity
95.4% [95% confidence interval (CI) 92.6-97.4%]; sensitivity
57.5% [95% C147.9-66.8%]) [21]. The Ontario Drug Benefit
(ODB) database was also used, which contains information on
all publicly funded outpatient medication dispensings to
Ontarians ages 65 years and older. Drug claim coding error
is very low in the ODB at 0.7% (95% CI 0.5-0.9%) [22].
Other health administrative databases used are outlined in
the Online Supplement section 1.

Study population Criteria for inclusion in this study were
having validated physician-diagnosed COPD, being an
Ontario resident and being 66 years of age or older, all be-
tween 1 April 2008 to 31 March 2013. Although individuals
younger than 66 years old were not included in this study (as
drug dispensing data were not available for them in ODB),
COPD is generally a disease of older adults and the majority
of affected individuals are older than age 65 years [23].
Individuals receiving palliative care (based on physician ser-
vice codes) in the year prior to the index date (defined below)
were excluded, since opioids may be appropriately used in this
group and since these individuals are anticipated to have poor
health outcomes. Instead, our purpose was to evaluate for
possible opioid-related adverse cardiac events in the broader,
non-palliative, older adult COPD population. Community-
dwelling older adults and those living in long-term care resi-
dence were examined separately, as access to healthcare pro-
viders (and hence opioid drugs) may differ between these two
groups and since individuals living in long-term care resi-
dence tend to be sicker and are more likely to have poor health
outcomes.

Opioid drug exposure and index date definition Table 1
lists the oral and transdermal formulation opioid drugs that
we considered. Partial agonist-partial antagonist opioid agents
(i.e. suboxone) and combination opioid and glutamate recep-
tor agonists (i.e. methadone) were not included, since these are
distinct classes of opioid drugs. Opioid drug users were de-
fined by incident use of any opioid listed in Table 1 between 1
April 2008 and 31 March 2013. Similar to previous [24, 25],
we defined incident use as any opioid dispensing without
having received any opioid drug listed in Table 1 in the year
prior to the incident date. Incident (and not prevalent) opioid
use was selected, since incident use is less likely to be associ-
ated with ‘healthy user’ bias and since our purpose was to
examine acute-onset drug-related adverse cardiac events. We
counted incident use only once per individual (specifically, the
first dispensing was considered, in the event criteria for inci-
dent use were met more than once during the study), and an
exposed individual was not allowed to cross-over to the un-
exposed comparison group at any time. The index date for
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Table 1  Opioid drugs available through the ODB program
Oral tablet/capsule agents Oral liquid agents® Transdermal
agentsb
Opioid-only agonists Opioid/non-opioid combination
agents
Shorter-acting Longer-acting agents
agents
Anileridine Codeine sulphate Acetaminophen-caffeine-codeine  Acetaminophen-codeine Fentanyl
phosphate transdermal
Codeine phosphate Hydromorphone HCL ER/SR Acetaminophen-codeine Codeine phosphate
Hydromorphone  Levorphanol Acetylsalicylic Morphine HCL
HCL acid-codeine-caffeine

Morphine HCL Morphine sulphate ER/SR Acetylsalicylic acid-codeine Morphine sulphate
Meperidine Oxycodone HCL ER/SR Oxycodone HCL-acetaminophen
Oxycodone HCL ~ Propoxyphene HCL; Oxycodone HCL-acetylsalicylic

dextro-propoxyphene HCL acid

Rectal and intravenous opioid formulations were not considered
ER extended release, HCL hydrochloride, SR slow release
 All oral liquid opioid formulations are shorter-acting

® Transdermal fentanyl is a longer-acting opioid agent

exposed individuals was the date the incident opioid was
dispensed.

Control group Controls did not receive any opioid listed in
Table 1 between 1 April 2008 and 31 March 2013. Since the
index date for the exposed group involved a drug exposure,
the index date for the control group similarly involved a drug
exposure, in order to help minimize bias. We defined cohort
entry for controls as the most recent incident non-opioid drug
dispensing on or before a date chosen randomly from the
accrual period, with the index date being the date the most
recent incident non-opioid medication was received. Incident
non-opioid drug use was defined as no receipt of a drug within
the same class as the index non-opioid drug in the year prior to
index. If the most recent non-opioid drug dispensing took
place more than 6 months before that date, or if it took place
before the start of the 2008-2013 period, then the individual
was excluded. This approach to define controls has been used
previously [24, 25].

Study outcomes Adverse cardiac events that we examined
within 30 days after the index date included emergency room
(ER) visits, hospitalizations and mortality associated with is-
chemic heart disease (IHD) or congestive heart failure (CHF).
When an ER visit directly leads to a hospitalization, only a
hospitalization event was counted. ER visits and hospitaliza-
tions for IHD and CHF were identified based on one discharge
code for IHD and CHF, respectively. This algorithm of health
administrative codes to identify IHD and CHF has been pre-
viously validated for diagnostic purposes and is highly specif-
ic: one discharge code for IHD has a specificity of 99.4%

[95% CI 98.9-99.9%] and a sensitivity of 62.1% [95% CI
51.9-72.3%] [26], and one discharge code for CHF has a
specificity of 98.6% [95% CI 98.1-99.1%] and a sensitivity
0f 60.6% [95% CI 50.8-70.4%] [27]). We selected a 30-day
follow-up period to evaluate for possible adverse cardiac
events since we expected these events to occur soon following
opioid initiation. Furthermore, about 90% of all incident opi-
oid dispensings were previously found to have a duration of
30 days or less [1].

Propensity score weighting Among individuals with COPD,
opioid users are known to differ from non-users on a variety of
characteristics that may influence risk of subsequent cardiac
outcomes [1]. Therefore, we used inverse probability of treat-
ment weighting (IPTW) using the propensity score [28, 29] to
create weighted samples of exposed and control individuals
where measured baseline covariates were balanced between
the two groups. We estimated a propensity score for new opi-
oid receipt by developing a logistic regression model with 51
covariates that included multiple markers of COPD severity
(including duration of COPD, receipt of respiratory-related
medications and COPD exacerbation frequency), healthcare
system use, pre-existing comorbidities (including ER visit or
hospitalization for IHD or CHF in the past year, as a marker of
recent cardiac status stability) and other prescription medica-
tion receipt (Tables 1 and 2 in section 3 of the Online
Supplement).

Sensitivity analyses First, we evaluated for adverse cardiac
events by opioid type received (i.e. opioid-only agents versus
combination opioid/non-opioid agents [Table 1]), since
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opioid-only agents generally contain more potent opioids (like
hydromorphone and fentanyl) than combination agents (most
of which contain less-potent codeine) and since some combi-
nation agents contain cardio-protective aspirin as the non-
opioid component [30]. Second, among users of opioid-only
agents, we examined our outcomes by drug half-life type (i.e.
shorter-acting versus longer-acting agents [Table 1]) to see if
adverse cardiac events would be observed even among users
of shorter-acting agents. Third, we evaluated our outcomes
among users of opioid-only agents stratifying by COPD exac-
erbation history in the year prior to the index date (i.e. no
exacerbation versus one or more outpatient exacerbation with
no exacerbation requiring presentation to hospital versus one
or more exacerbation requiring presentation to hospital).
COPD exacerbation history is associated with severity of un-
derlying airflow obstruction [31], decreased quality of life
[32], risk of future exacerbations [33] and mortality [34],
and Canadian [35] and newer global [36] COPD guidelines
use COPD exacerbation frequency to distinguish COPD se-
verity. Evaluating for outcomes in the subgroup of individuals
with least severe disease (in this study, those experiencing no
exacerbation in the year prior to index) is an established meth-
od for minimizing confounding by indication in non-
randomized studies [37]. The Online Supplement section 2
describes methods relating to additional sensitivity analyses.

Statistical analysis Pre- and post-propensity score weighting,
we calculated descriptive statistics and standardized differ-
ences for the exposed and control groups on all baseline

covariates [29]. Using Cox proportional hazard regression
models with a robust variance estimator, a hazard ratio (HR)
with associated 95% confidence interval (CI) was estimated
for each outcome in the propensity score weighted samples
[38]. The control group was used as the reference in all anal-
yses. All statistical analyses were conducted using SAS
Enterprise Guide 6.1 (SAS Institute Inc., Cary, NC, USA).
Two-sided tests of significance at the p < 0.05 level were used.

Results
Overall cohort results

There were a total of 134,408 community-dwelling individ-
uals and 14,685 long-term care residents aged 66 years and
older with COPD identified between 1 April 2008 and 31
March 2013. Incident opioid receipt occurred in 67.0 and
60.6%, respectively (Online Supplement section 3). Baseline
sociodemographic and health characteristics were well-
balanced between new users and controls following propensi-
ty score weighting in the both community-dwelling and long-
term care resident cohorts, with standardized differences be-
low 10% for all variables (Online Supplement section 3).

In the community-dwelling cohort, compared to controls,
incident use of any opioid was associated with significantly
decreased rates of ER visits or hospitalizations for CHF (HR
0.84; 95% CI 0.73-0.97) (Table 2). No significant associa-
tions were found between incident opioid use and ER visits

Table2 Hazard ratios (HR) and confidence intervals (CI) for adverse cardiac events for the propensity score weighted community-dwelling and long-

term care resident cohorts

Outcomes Opioid use status Number of HR (95% CI) p value
events (%)
Community-dwelling cohort
ER visit or hospital admission for IHD New opioid users 591 (0.7) 1.04 (0.89, 1.22) 0.64
Non-opioid users 283 (0.6)
ER visit or hospital admission for CHF New opioid users 798 (0.9) 0.84 (0.73, 0.97) 0.01
Non-opioid users 473 (1.1)
IHD-related mortality New opioid users 227 (0.3) 0.99 (0.77, 1.29) 0.96
Non-opioid users 114 (0.3)
CHF-related mortality New opioid users 31 (0.0) 0.74 (0.31, 1.79) 0.51
Non-opioid users 21 (0.0)
Long-term care resident cohort
ER visit or hospital admission for IHD New opioid users 67 (0.7) 1.76 (1.00, 3.09) 0.05
Non-opioid users 26 (0.5)
ER visit or hospital admission for CHF New opioid users 92 (1.0) 1.14 (0.78, 1.67) 0.49
Non-opioid users 55(0.9)
IHD-related mortality New opioid users 174 (2.0) 2.15 (1.50, 3.09) <0.0001
Non-opioid users 56 (1.0)
CHF-related mortality New opioid users 24 (0.3) 1.52(0.73, 3.17) 0.27
Non-opioid users 11 (0.2)

CHF congestive heart failure, ER emergency room, /HD ischemic heart disease
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or hospitalizations for IHD or cardiac-related mortality. In the
long-term resident cohort, incident use of any opioid relative
to controls was associated with significantly increased rates of
[HD-related mortality (HR 2.15;95% CI 1.50-3.09). No other
significant associations were observed.

Sensitivity analyses for community-dwelling cohort

By opioid-type Users of opioid-only agents relative to con-
trols had increased rates of ER visits or hospitalizations for
IHD (HR 1.38; 95% CI 1.08-1.77) and IHD-related mortality
(HR 1.83; 95% CI 1.32-2.53) (Table 3). However, users of
combination opioid/non-opioid agents versus controls had de-
creased rates of ER visits or hospitalizations for CHF (HR
0.81; 95% CI 0.71-0.94). Lower risk for ER visits or hospi-
talizations for CHF remained among combination opioid/non-
opioid users versus controls, even after eliminating users of
combination agents containing aspirin (data not shown).

By opioid half-life type Compared to controls, recipients of
opioid-only formulations that were shorter- and longer-acting
had higher rates of ER visits or hospitalizations for IHD
(shorter-acting agents HR 1.33; 95% CI 1.01-1.74; longer-
acting agents HR 1.70; 95% CI 1.01-2.89) and IHD-related
mortality (shorter-acting agents HR 1.81; 95% CI 1.29-2.54;
longer-acting agents HR 2.41; 95% CI 1.05-5.53) (Table 4).

By COPD exacerbation frequency Relative to controls,
users of opioid-only agents with no exacerbation in the year
prior to the index date had increased rates of ER visits or
hospitalizations for IHD (HR 1.53; 95% CI 1.07-2.20) and
IHD-related mortality (HR 1.92;95% CI 1.18-3.12) (Table 5).
Greater rates of IHD-related mortality were also observed
among opioid-only agent users with >1 exacerbation requiring

presentation to hospital (HR 1.81, 95% CI 1.08-3.02).
Additional sensitivity analyses for the community-dwelling
cohort are contained in the Online Supplement section 4.

Sensitivity analyses long-term care resident cohort

Refer to the Online Supplement section 5 for these analyses.

Discussion

After propensity score weighting using 51 covariates, our
large, population-based cohort study demonstrated signifi-
cantly increased rates of I[HD-related morbidity and mortality
in association with incident opioid-only formulation use
among community-dwelling older adults with COPD, as well
as among older adults with COPD living in long-term care
residence who received any incident opioid (regardless of
whether or not the opioid was combined with a non-opioid
agent). Increased rates of IHD-related morbidity and mortality
were also observed with opioid-only agent use among the
healthiest subgroup of individuals with COPD, further
strengthening our overall findings.

In the overall community-dwelling cohort, no significant
positive associations were found between any incident opioid
use and adverse cardiac events and there were significantly
decreased rates of ER visits or hospitalizations for CHF
among opioid users. These results may be explained by the
fact that combination opioid/non-opioid drug formulations
were included in the overall cohort analysis and these combi-
nation agents account for close to 90% of new opioid use
among older adults with COPD [1]. Unlike opioid-only
agents, combination opioid/non-opioid drug formulations
generally contain less potent opioids (like codeine), lower

Table 3  Hazard ratios (HR) and confidence intervals (CI) for adverse cardiac events for the propensity score weighted community-dwelling cohort,

distinguishing by opioid type received

Opioid formulation ~ Opioid use ER visit or hospital

ER visit or hospital

IHD-related mortality CHF-related mortality

received status admission for IHD admission for CHF
N (%) HR95% p N (%) HR95% p N (%) HR 5% p N (%) HR©O5% p
CI) value CI) value Cl) value CI) value
Opioid-only 121 1.38 0.01 165 1.05 0.69 68 1.83 0.0003 10 1.49 0.39
formulation 0.9) (1.08, (1.2)  (0.84, 0.5)  (1.32, 0.1)  (0.60,
1.77) 1.30) 2.53) 3.72)
288 518 122 23
(0.6) (1.2) (0.3) 0.1)

Combination 468 1.00 0.99 628 0.81 0.004 155 0.84 020 21 0.65 0.34
opioid/non-opioid 0.6)  (0.85, 0.8)  (0.71, 0.2)  (0.63, 0.0)  (0.26,
formulation 1.18) 0.94) 1.10) 1.59)

276 453 109 19
(0.6) (1.0) 0.2) (0.0)

CHF congestive heart failure, ER emergency room, /HD ischemic heart disease
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Table 4 Hazard ratios (HR) and confidence intervals (CI) for adverse cardiac events for the propensity score weighted community-dwelling cohort,
distinguishing by opioid half-life type received

Opioid half-life ~ Opioid ER visit or hospital ER visit or hospital IHD-related mortality CHF-related mortality
formulation use status  admission for IHD admission for CHF
N (%) of HR (95% p N (%) of HR (95% p N (%) of HR (95% p N (%) of HR (95% p
event CI) value event CI) value event CI) value event CI) value
Shorter-acting ~ New users 97 (0.8) 1.33 0.04 147 1.12 0.33  56(0.5) 1.81 0.0006 11 (0.1) 1.95 0.14
opioid-only (1.01, (1.3) (0.89, (1.29, (0.79,
formulation 1.74) 1.41) 2.54) 4.80)
Non-users 285 511 120 22 (0.0)
0.6) (1.2) 0.3)
Longer-acting ~ New users 22 (1.0) 1.70 0.05 16(0.7) 0.69 0.17 13 (0.6) 241 0.04 <6° a a
opioid-only (1.01, 0.41, (1.05,
formulation 2.89) 1.18) 5.53)
Non-users 274 489 115 18 (0.0)
0.6) (1.1) 0.3)

CHF congestive heart failure, ER emergency room, /HD ischemic heart

disease

#Data are not presented, according to Institute of Clinical Evaluative Sciences reporting rules, because of small cell size

opioid doses are generally achievable and some contain
cardio-protective aspirin as the non-opioid component.
When we evaluated the generally more potent and non-
aspirin-containing opioid-only agents among community-
dwelling individuals, significantly increased risks for IHD-
related morbidity and mortality were observed. Although the
absolute risk increases for IHD-related morbidity and mortal-
ity were relatively small, they may be important at the popu-
lation level, where upwards of 10% of Ontario’s population
over the age of 35 years old are estimated to have COPD [23].

Table 5 Hazard ratios (HR) and confidence intervals (CI) for adverse
stratified by COPD exacerbation frequency history

Users of combination opioid/non-opioid agents accounted for
the decreased rates of ER visits or hospitalizations for CHF
observed among opioid recipients in the overall community-
dwelling cohort, and the association between combination
agent use and decreased CHF-related morbidity persisted even
after eliminating users of aspirin-containing formulations.
This finding may be explained by the lower opioid potency
and dose that generally characterize combination agents,
which may have been sufficient to facilitate cardio-
protective ischemic pre-conditioning, but insufficient to

cardiac events for the community-dwelling propensity score weighted cohort,

COPD exacerbation frequency Opioid ER visit or hospital ER visit or hospital IHD-related mortality CHF-related mortality
history status use status admission for IHD admission for CHF
N (%) HR N (%) HR p N (%) HR p N(@®») HR p
of (95% value of (95% value of (95% value of (95% value
event CI) event CI) event CI) event CI)
0 exacerbations in the year New 64 1.53 0.02 65 1.12 051 27 1.92 0.009 <6* 2 a
prior to index users (0.8) (1.07, 0.8)  (0.80, 0.3) (1.18,
2.20) 1.55) 3.12)
Non-users 149 207 49 <6°
0.5) 0.8) 0.2)
>1 outpatient respiratory New 24 1.46 0.18 21 0.99 097 9(0.4) 2.13 0.08 <6 a a
exacerbations in the year users (0.9) (0.84, 0.8) (0.52, 0.91,
prior to index 2.56) 1.86) 5.01)
Non-users 53 70 15 <6”
0.7) 0.9) 0.2)
>1 exacerbations requiring New 37 1.15 0.51 85 0.99 093 37 1.81 0.02 <6* a a
presentation to hospital in users (1.1) (0.76, (2.5) (0.72, (1.1) (1.08,
the year prior to index 1.73) 1.36) 3.02)
Non-users 85 228 54 15
(1.0) (2.6) (0.6) 0.2)

CHF congestive heart failure, ER emergency room, /HD ischemic heart disease

? Data are not presented, according to Institute of Clinical Evaluative Sciences reporting rules, because of small cell size
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contribute to negative physiologic effects, like decreasing
right ventricular output and cardiac contractility or substan-
tially reducing myocardial oxygen delivery. In previous work
relating to adverse respiratory outcomes, we similarly found
that combination opioid/non-opioid agents were less harmful
than opioid-only agents among community-dwelling older
adults with COPD [25].

In the long-term care resident cohort analysis, any opioid
use was associated with increased rates of IHD-related mor-
tality and the association with IHD-related mortality remained
significantly elevated even when considering the subgroup of
combination opioid/non-opioid agent users (Online
Supplement section 5). The discrepant role of combination
opioid/non-opioid drugs on cardiac health in the community-
dwelling cohort versus the long-term care resident cohort may
be due to the fact that long-term care residents are likely a less
healthy group, and therefore potentially more sensitive to the
adverse influences of opioid drugs, including those formula-
tions of lower potency or dose. The increased and competing
risk of IHD-related death among opioid users in the overall
long-term care resident cohort analysis may explain why in-
creased rates of cardiac morbidity events were not observed.

Compared to controls, increased cardiac harm was found
among users of shorter- and longer-acting opioid-only formu-
lations. We have previously reported that incident use of
shorter-acting opioid-only agents is associated with increased
respiratory-related morbidity and mortality among older
adults with non-palliative COPD [25]. More variable drug
blood levels and greater drug level peaks are known to be
associated with use of shorter- versus longer-acting opioids
[39], which may explain why we observed adverse cardiac
events with the shorter-acting subclass. We also observed in-
creased adverse cardiac events in association with opioid-only
agent use among the healthiest COPD subgroup, that is, indi-
viduals having no exacerbation in the year prior to the index
date. This result strengthens our overall finding of an associ-
ation between opioid-only agent use and cardiac events, as
such individuals would be the least likely to have received
opioids for cardio-respiratory symptoms, and therefore are
less likely to be influenced by confounding by indication.

Several limitations need to be acknowledged. First, causa-
tion cannot be inferred in this observational study. Second,
residual confounding by unmeasured covariates and con-
founding by indication could be still influencing our results.
Certain clinical markers of COPD severity, such as respiratory
symptoms and lung function measures, were not available in
our databases for incorporation in our propensity score model.
However, we adjusted our analyses for multiple other indica-
tors of COPD severity, including duration of COPD, receipt of
respiratory-related medications, comorbidities and, most im-
portantly, we stratified our analyses by COPD exacerbation
frequency, which is the single best independent predictor of
future exacerbation risk [33]. Information on indication for

opioid receipt was also not captured in our databases, and it
is possible that sicker patients were prescribed opioids to treat
symptoms, and their underlying illness, and not the opioid
receipt, leads to subsequent cardiac events. However, we ad-
justed our analyses for a total of 51 covariates (including pre-
existing relevant comorbidities, like IHD, CHF and diabetes,
which may increase risk for both opioid receipt and negative
cardiac outcomes) and we also showed that opioid-only agent
use was associated with adverse cardiac events even in the
healthiest subgroup of individuals with COPD (i.e. those with
no previous exacerbation). Third, we may not have excluded
all individuals receiving palliative care in the year prior to the
index date using physician service codes. If some individuals
receiving palliative care remained, confounding by indication
may have contributed to the finding of increased cardiac-
related death among opioid users. However, the possible re-
sidual inclusion of individuals receiving palliative care would
unlikely explain the greater cardiac-related ER visits and hos-
pitalizations among opioid recipients. Fourth, our results may
not be generalizable to the entire older adult, non-palliative
COPD population, since our COPD definition, while highly
specific, had modest sensitivity [21]. Fifth, we may have
under-estimated the number of IHD- and CHF-related ER
visits and hospitalizations occurring, since these outcome def-
initions were associated with high specificity, but modest sen-
sitivity [26, 27]. Finally, we were unable to estimate the effect
of COPD on the risk of adverse cardiac events due to the study
design, as both those exposed and those not exposed to opi-
oids were required to have pre-existing COPD. This design
decision was made because our primary objective was to ex-
amine the effect of opioids on adverse cardiac events in the
COPD population, and thus, we wanted the exposed and un-
exposed subjects to be similar in every way, except in their
exposure to opioids. However, it well-known and previously
described [3, 4] that COPD is risk factor for cardiac disease.
In conclusion, incident opioid use among older adults with
non-palliative COPD was associated with elevated rates for
IHD-related morbidity and mortality, specifically among
opioid-only formulation recipients and among long-term care
residents. Therefore, decisions to use opioid drugs in the older
adult non-palliative COPD population may need to take into
consideration potential risk for adverse cardiac events.
However, further studies are needed to determine if the ob-
served associations between incident opioid use and adverse
cardiac events are causal or due to unresolved confounding.
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