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BACKGROUND: Chronic non-cancer pain (CNCP) is high-
ly prevalent in older adults and long-term opioid therapy
(LTOT) has been used to manage chronic pain. However,
the safety of LTOT among older adults with CNCP is not
well-established and there is a need to identify therapy-
related risk factors of opioid-related adverse events among
older adults.

OBJECTIVE: To evaluate the relationship between opioid
dose and formulation and the risk of opioid-related ad-
verse events among Medicare-eligible older adults on
LTOT.

DESIGN: Nested case-control study.

PARTICIPANTS: Older Medicare beneficiaries (N=35,189)
who received > 3 opioid prescriptions with a total days-
supply of >45 days within a 90-day period for CNCP be-
tween 2012 and 2016.

MAIN MEASURES: This study utilized Medicare 5% med-
ical and prescription claims data. Outcome measures in-
cluded opioid-induced respiratory depression (OIRD), opi-
oid overdose, all-cause mortality, and a composite out-
come, defined as the first occurrence of any of the previ-
ous three events. Key independent variables were opioid
formulation and opioid dose (measured in morphine mil-
ligram equivalents (MME)) prescribed during LTOT.

KEY RESULTS: Seventy-four OIRD, 133 overdose, 982
all-cause mortality, and 1122 composite outcome events
were observed during follow-up. In unadjusted analyses,
the use of combination opioids (OR: 4.52 [95%CI: 1.51-
13.47]) was significantly associated with OIRD compared
to short-acting (SA) opioids. In adjusted analyses, opioid-
related adverse events were significantly associated with
the use of LA (overdose OR: 13.00 [95%CI: 1.30-130.16]
and combination opioids (overdose OR: 6.27 [95%CI:
1.91-20.55]; mortality OR: 2.75 [95%CI: 1.87-4.04]; com-
posite OR: 2.82 [95%CI: 2.01-3.96]) when compared to SA
opioids. When compared to an average dose of less than
20 MME, outcomes were significantly associated with
doses of 20-50 MME (mortality OR: 1.61 [95%CI: 1.24—
2.10]; composite OR: 1.59 [95%CI: 1.26-2.01]) and >50
MME (mortality OR: 1.99 [95%CI: 1.28-3.10]; composite
OR: 2.09 [95%CI: 1.43-3.04]).
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CONCLUSIONS: Older adults receiving medically pre-
scribed opioids at higher doses and those using LA and
combination of LA and SA opioids are at increased risks
for opioid-related adverse events, highlighting the need for
close patient supervision.

KEY WORDS: opioid analgesics; chronic pain; aged; drug overdose;
respiratory depression.
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INTRODUCTION

Chronic non-cancer pain (CNCP) is highly prevalent and often
disabling in the older population.'® Research has shown that
more than 3—4% of adults in the USA receive long-term opioid
therapy (LTOT) for chronic pain.'® Patients taking high daily
doses are more likely to have an overdose event'' and about
3% of the older adults were reported to receive high daily
doses (>120 mg morphine equivalents (MME) per day).'
Research has also shown that opioid use in adults of any age
is associated with potentially dangerous overdose and other
adverse events,'"'*™15 and the risks can be even higher for
older adults.'®'® Recent studies among adults treated for
chronic pain have shown a dose-dependent association be-
tween opioid use and adverse outcomes, including opioid
overdose and opioid-induced respiratory depression (OIRD),
which may result in opioid-related mortality.'"'”'* Older
adults often have reduced renal or hepatic function and re-
duced respiratory function leading to altered metabolism of
opioid drugs, increasing the likelihood of opioid-related ad-
verse outcomes.'*132-2!

For individuals with chronic pain, the use of long-acting
(LA) opioids has increased steadily.*> Musich et al.'* reported
that 11.7% of all older adults who utilized LA opioids and
high dose opioid users (>120 MME/day) were more likely to
use LA opioids compared to lower dose users (<120 MME/
day) (81% vs. 10%). Long-acting opioids are useful in man-
aging chronic pain in patients with consistent pain levels;
however, opioid-related adverse outcomes, such as accidental
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overdoses, are twice as likely to occur in those initiating
therapy with LA formulations compared with those starting
with short-acting (SA) opioids, particularly in the first 2 weeks
of use.”® Because of their advanced age and reduced drug
clearance, the use of LA opioids in older adults is of particular
concern. However, little is known about the safety of LA
opioid use in older adults.**

Given the dearth of knowledge regarding the safety of
LTOT among older adults with CNCP, there is a need to
provide evidence regarding balancing the benefits and risks
of LTOT in older adults and in subpopulations who might be
at higher risk for adverse outcomes. The specific aims of this
study were to evaluate (1) the relationship between opioid
dose and the risk of opioid-related adverse events and (2) the
relationship between opioid/formulation and the risk of
opioid-related adverse events among Medicare-eligible older
adults on LTOT.

METHODS
Study Design and Data Source

This study employed a nested case-control design using a
Medicare 5% National Sample data for 2012-2016. The data-
base includes inpatient, outpatient, and pharmacy claims from
a random 5% of all Medicare beneficiaries in the USA. The
data includes individual demographic characteristics, diagno-
sis codes, procedure codes, and medication fill claims—all
linked by an encrypted beneficiary ID. The study was ap-
proved by the Institutional Review Board (protocol #18-069)
and the data were licensed for use from the Centers for
Medicare and Medicaid Services (DUA #RSCH-2018-
52319).

Cohort Definition

Individuals were considered eligible for cohort entry if they
were identified as having a new LTOT use episode between
July 1, 2012, and December 31, 2016. A new LTOT use
episode was operationalized, based on previous literature,' '
as the presence of at least three prescription fills for opioid
medications totaling 45 cumulative days of supply or more
within a 90-day period, immediately preceded by a 6-month
period with no history of opioid fills. Individuals were defined
to have entered the study cohort on the 91% day after the
initiation of the long-term opioid use episode if they met the
following inclusion criteria: 65 years or older on the first date
of the opioid use; continuously eligible for Medicare parts A,
B, and D from 12 months prior to cohort entry until the end of
follow-up; have no history of cancer; and have at least two
claims for a CNCP condition within a 30-day window in the
12 months before the initiation of the long-term opioid use
episode.”®*® Please refer to Appendix A (eTable 1) for eligi-
ble CNCP conditions used in the study. Individuals entering
the study cohort remained in the cohort until the occurrence of

an outcome of interest, mortality, first occurrence of cancer,
loss of Medicare eligibility, or the end of the study period,
whichever was earlier.

Case Definition

This study examined multiple opioid-related adverse
events—opioid-induced respiratory depression (OIRD),
opioid overdose, mortality, and a composite outcome,
which was defined as the first occurrence of any of the
previous three events.'''*!%:2% Separate cases and
matching controls were defined for each of the events:
individuals from the eligible cohort who had a confirmed
episode of either OIRD, opioid overdose, or death before
the end of the study period were defined as cases. The
date of the first occurrence of an event was defined as the
index date. OIRD was operationalized, from existing lit-
erature, as a listed International Classification of Diseases
(ICD) code for prescription opioid-related poisoning along
with a Current Procedure Code (CPT) for at least one of
the following event occurring within + 1 day of the
opioid-related poisoning: (1) life-threatening respiratory
or central nervous system depression; (2) mechanical ven-
tilation; or (3) critical care.'*?’ Opioid-related overdose
was also operationalized based on existing literature as
follows: (1) ICD code for opioid-related poisoning; or (2)
ICD code for an opioid-related adverse event plus an ICD
code for opioid overdose on the same day of the opioid-
related adverse event.'' This study measured all-cause
mortality as Medicare claims data do not include informa-
tion regarding causes of death. All ICD and/or CPT codes
(see Appendix eTables 2 and 3) '""'*?° were identified
from Medicare Provider and Analysis Review, Outpatient
Standard Analytical file, and Medicare Carrier files, and
all primary and non-primary codes were considered. All-
cause mortality was identified from Medicare Master Ben-
eficiary Summary File (MBSF).

Control Selection

Controls were defined as individuals from the study cohort
who had not been identified to have an opioid-related adverse
event as of the index date. One control was selected for each
case using incidence-density sampling®® (Fig. 1). This method
allows for random sampling from the pool of eligible controls,
such that each control subject had an equal or greater time at
risk of an adverse event (i.e., time from the 91% day after
opioid initiation until adverse event or end of follow-up) than
the matched case. This technique allows for controls to serve
as a future case and allows for one individual to serve as a
control for more than one case. Matching was conducted on
age (1 year) and time of cohort entry (+30 days). Each control
was assigned the index date of their matched case. In addition
to previously mentioned eligibility criteria, cases and controls
were also required to be on LTOT in the 90 days prior to index
date.
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Figure 1 Depiction of hypothetical case and characteristics of eligible matched controls.
Opioid Variables medications belonging to any of the following classes during

The key independent variables were dose and formulation of
opioids prescribed during LTOT. Both independent variables
were measured during the 90 days prior to index date. Opioid
dose was defined as the average daily dose of opioids pre-
scribed, measured in MME, and captured using prescription
records present in the Medicare prescription drug event file.
MME was calculated as per established CMS criteria®' and
categorized into three groups: less than 20 MME; 20 to 50
MME; and at least 50 MME. These thresholds were chosen
based on CDC guidance and previous research.>? The formu-
lation of opioids was defined as the presence of prescription
fills for SA opioids only, LA opioids only, or both SA and LA
opioids (combination opioid) during the prior 90 days.>* Opi-
oid formulation was identified using the dosage form code and
generic names.

Confounding Variables

Potential confounders included demographic variables, co-
morbidities, and use of other medications. The demographic
variables included in the model, identified from the MBSF,
were race, sex, region of residence, and Medicare low-income
subsidy (LIS) status. Comorbidities of interest included the
presence of multiple CNCP conditions, Parkinson’s disease,
renal insufficiency, hepatic insufficiency, mental illnesses,
hypnotic medication dependence, substance use disorder, his-
tory of overdose, history of respiratory depression, COPD,
sleep apnea, or other sleep disorders at any time prior to index
date. Comorbidities were identified using ICD codes
(Appendix eTable 4) from any Medicare claims files.
Medication-related covariates were defined as present if the
individual was found to have at least 30 days of supply for

the 90-day hazard period: adjuvant analgesics (such as
NSAIDs), anti-convulsants, antidepressants, sedative-
hypnotics (non-benzodiazepine receptor agonists, short-
acting benzodiazepine receptor agonists, intermediate-acting
benzodiazepine receptor agonists and selective melatonin ag-
onists) benzodiazepines, muscle relaxants, or gabapentin. The
Deyo-Charlson comorbidity index (CCI) score®* was also
calculated based on all available claims prior to the index date.

Statistical Analysis

Data management and analysis were conducted using SAS
version 9.4 (Cary, NC). Four different analytic datasets were
constructed for each of the four outcomes in the study (OIRD,
opioid overdose, mortality, and a composite outcome). For
each outcome, individual characteristics of cases and controls
were compared using paired samples #-tests, McNemar’s test
and Cochran-Mantel-Haenszel test, as appropriate. The rela-
tionship between the key independent variables and the out-
comes was tested using conditional logistic regression to
account for the case-control matching. Both adjusted and
unadjusted models were tested where the adjusted models
included all the proposed covariates.

RESULTS
Study Cohort

A total of 35,189 Medicare beneficiaries were identified as
new LTOT users. Of these beneficiaries 24,342 (69%) were
female, 29,321 (83%) were whites, and 15,054 (43%) had a
low-income status. The mean age of the cohort was 77 years;
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within the cohort, we observed 74 OIRD, 133 overdose, and
982 all-cause mortality events during follow-up. The compos-
ite outcome of OIRD, opioid overdose, or mortality was
experienced by 1122 patients. Detailed patient demographic
and clinical characteristics by outcome measures are presented
in Table 1. After the selection of matched cases and controls,
the median duration of time between cohort entry and the
index date for study subjects who experienced an OIRD,
overdose, mortality, and the composite outcome was 272.5
days (IQR: 48.5-497.5), 368.5 days (IQR: 136-647), 241
days (IQR: 76—498.5), and 254.5 days (IQR: 77-519),
respectively.

Outcomes

Unadjusted Analysis. Table 2 provides unadjusted results of
the conditional logistic regression models. We found that
opioid use of average MME > 50 (OR = 3.59 [95%CI: 1.01-
12.83]) was positively associated with OIRD relative to opioid
dosage of <20 MME. The use of combination opioids (OR =
4.52 [95%CI: 1.51-13.47]) was also found to be positively
associated with OIRD relative to SA opioids. Opioid dose of
average 2050 MME (OR = 2.60 [95%CI: 1.25-5.41]) and
combination opioid formulation (OR = 3.39 [95%CI: 1.59—
7.22]) were significantly associated with opioid overdose rel-
ative to opioid dosage of <20 MME and SA opioids, respec-
tively. Using opioids with an average dose > 50 MME (OR =
1.60 [95%CI: 1.13-2.27]), use of LA opioid (OR = 1.65
[95%CI: 1.01-2.68]), and use of combination opioid formu-
lation (OR = 3.26 [95%CI: 2.38-4.47]) were significantly
associated with all-cause mortality opioid use of 20-50 aver-
age MME (OR = 1.46 [95%CI: 1.20-1.78]) and > 50 average
MME (OR = 1.83 [95%CI: 1.33-2.50]), and combination
opioid formulation (OR = 2.90 [95%CI: 2.19-3.83]) were all
significantly associated with the composite outcome com-
pared to opioid dosage of <20 MME and SA opioids,
respectively.

Adjusted Analysis. Table 3 presents the adjusted results of the
conditional logistic regression models. After adjusting for all
control variables, the use of LA opioids (OR = 13.00 [95%CI:
1.30-130.16]) and combination opioids (OR = 6.27 [95% CI:
1.91-20.55]) were found to be significantly associated with

opioid overdose compared to SA opioids. We also found that
opioid dosage of 20-50 MME and > 50 MME had 61% (OR =
1.61 [95%CI: 1.24 -2.10]) and 99% (OR = 1.99 [95%CI:
1.28-3.10]) higher odds of all-cause mortality, respectively
relative to opioid dosage of <20 MME. Combination opioid
formulation (OR = 2.75 [95%CI: 1.87—4.04]) was also found
to be significantly associated with mortality compared to SA
opioids. Regarding the composite outcome, we found that
opioid dosage of 20-50 MME had 1.59 times higher odds
(OR = 1.59 [95% CI 1.26-2.01]) and > 50 MME had 2.09
times higher odds (OR = 2.09 [95%CI: 1.43-3.04]) of the
composite outcome relative to opioid dosage of <20 MME.
The use of combination opioids (OR = 2.82 [95%CI: 2.01-
3.96]) was also significantly associated with the composite
outcome compared to SA opioids. Because the small sample
size of the OIRD outcome prohibited multivariable adjustment
of the relationship of interest, results of the adjusted model for
OIRD were not reported.

DISCUSSION

This nested case-control study examined associations between
opioid dose and opioid formulation and the risk of opioid-
related adverse events among older adults with CNCP on
LTOT using the 5% national sample of Medicare administra-
tive claims data. After adjusting for all control variables,
opioid formulation, i.e., the use of LA opioids alone, was a
significant risk factor for opioid overdose and use of LA and
SA opioids was a significant risk factor for overdose, all-cause
mortality and the composite outcome when compared to using
SA opioids alone. Additionally, opioid dose of 20-50 MME
and > 50 MME were significant risk factors for all-cause
mortality and the composite outcome of OIRD, opioid over-
dose, and all-cause mortality compared to opioid dose < 20
MME. These results are consistent with the findings from
previous studies.'"'”**3> For example, Dunn et al.'" report
that overdose risk is higher in patients receiving medically
prescribed LTOT at higher doses. Zedler et al.*® reported that
patients receiving LA opioids had significantly higher odds of
OIRD compared to those not receiving LA opioids. They also
report that patients with daily MME >100 had significantly

Table 2 Conditional Logistic Regression Model Results (Unadjusted)

Patient characteristics =~ OIRD Overdose Mortality Composite outcome

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Avg MME
<20 Reference Reference Reference Reference
20-50 2.54 (0.86-7.49) 0.09 2.60 (1.25-5.41) 0.01* 1.19 (0.97-1.47) 0.10 146 (1.20-1.78) <0.001*
> 50 3.59 (1.01-12.83)  0.05*  2.17 (0.92-5.10) 0.08 1.60 (1.13-2.27)  0.01* 1.83 (1.33-2.50) <0.001*
Opioid formulation
SA Reference Reference Reference Reference
Combo 4.52 (1.51-13.47) 0.01*  3.39 (1.59-7.22) 0.001* 326 (2.384.47) <0.001* 290 (2.19-3.83) <0.001*
LA 1.87 (0.18-19.77)  0.60 3.97 (0.61-25.92)  0.15 1.65 (1.01-2.68)  0.045* 1.38 (0.86-2.20) 0.18

*Significant at o=0.05 level. SA, short acting; LA, long acting; MME, morphine milligram equivalents;, OIRD, opioid-induced respiratory depression,

Avg, average; Combo, combination
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Table 3 Conditional Logistic Regression Model Results (Adjusted)
Patient characteristics Overdose Mortality Composite outcome
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Average MME

<20 Ref Ref Ref

20-50 2.39 (0.89-6.46) 0.09 1.61 (1.24-2.10) <0.001* 1.59 (1.26-2.01) <0.001*
> 50 1.01 (0.30-3.46) 0.98 1.99 (1.28-3.10) <0.001* 2.09 (1.43-3.04) <0.001*
Opioid formulation

SA Ref Ref Ref

Combination 6.27 (1.91-20.55) <0.001* 2.75 (1.874.04) <0.001* 2.82 (2.01-3.96) <0.001*

13.00 (1.30-130.16) 0.03* 1.61 (0.89-2.89) 0.11 1.29 (0.73-2.28) 0.38

Sex (Ref=male)

Female 1.44 (0.56-3.69) 0.45 0.81 (0.60-1.08) 0.15 0.88 (0.67-1.16) 0.35
Race

White Ref Ref Ref

Black 0.61 (0.13-2.83) 0.53 0.80 (0.54-1.18) 0.26 0.38 (0.92-2.06) 0.12
Other 1.45 (0.32-6.70) 0.63 0.39 (0.21-0.72) <0.001* 0.30 (0.17-0.51) <0.001*
Region

Northeast Ref Ref Ref

Midwest 1.14 (0.31-4.24) 0.85 1.24 (0.83-1.86) 0.30 1.27 (0.89-1.80) 0.19
South 1.08 (0.34-3.46) 0.90 0.95 (0.65-1.38) 0.79 1.02 (0.74-1.41) 091
West 1.51 (0.35-6.61) 0.58 1.40 (0.88-2.22) 0.16 1.20 (0.81-1.79) 0.36
LIS (Ref=no)

Yes 1.01 (0.41-2.50) 0.99 1.94 (1.51-2.49) <0.001* 2.06 (1.64-2.60) <0.001*
Mental illness (Ref=no)

Yes 1.60 (0.68-3.76) 0.28 1.78 (1.36-2.32) <0.001* 1.16 (0.91-1.48) 0.23
Renal insufficiency (Ref=no)

Yes 1.34 (0.52-3.43) 0.54 1.42 (1.11-1.83) 0.01* 1.46 (1.16-1.84) <0.001*
Hypnotic medication dependence (Ref=no)

Yes 1.91 (0.10-37.02) 0.67 0.36 (0.07-1.75) 0.20 0.98 (0.20-4.76) 0.98
Substance abuse (Ref=no)

Yes 7.02 (0.54-90.58) 0.14 1.08 (0.51-2.29) 0.85 0.75 (0.40-1.41) 0.37
Sleep apnea (Ref=no)

Yes 0.36 (0.12-1.08) 0.07 0.69 (0.47-1.02) 0.07 0.88 (0.62-1.25) 0.48
Other sleep disorders (Ref=no)

Yes 2.20 (0.93-5.19) 0.07 2.01 (1.56-2.59) <0.001* 2.01 (1.59-2.54) <0.001*
Hepatic insufficiency (Ref=no)

Yes 0.79 (0.20-3.02) 0.73 1.21 (0.78-1.86) 0.40 1.02 (0.69-1.50) 0.94
Parkinson (Ref=no)

Yes 1.58 (0.18-13.93) 0.68 1.03 (0.65-1.62) 091 1.19 (0.77-1.83) 0.43
COPD (Ref=no)

Yes 0.65 (0.28-1.54) 0.33 1.16 (0.89-1.51) 0.21 1.09 (0.86-1.39) 0.49
Anti-convulsants (Ref=no)

Yes 1.77 (0.86-3.67) 0.12 1.08 (0.85-1.36) 0.54 1.11 (0.89-1.38) 0.37
Antidepressants (Ref=no)

Yes 2.81 (1.26-6.27) 0.01* 1.06 (0.82-1.36) 0.68 1.37 (1.07-1.74) 0.01%*
NSAIDs (Ref=no)

Yes 0.97 (0.41-2.29) 0.94 0.47 (0.34-0.64) <0.001* 0.66 (0.49-0.88) 0.01*
Sedative hypnotics (Ref=no)

Yes 4.32 (1.24-15.03) 0.02* 0.76 (0.49-1.18) 023 0.69 (0.47-1.01) 0.06
Benzodiazepines (Ref=no)

Yes 0.85 (0.33-2.21) 0.74 0.74 (0.52-1.05) 0.09 1.14 (0.84-1.56) 0.40
Muscle relaxants (Ref=no)

Yes 4.02 (1.35-12.00) 0.01* 0.88 (0.55-1.42) 0.60 0.98 (0.66-1.46) 0.92
Multiple CNCP (Ref=no)

Yes 1.49 (0.23-9.74) 0.68 0.74 (0.49-1.11) 0.15 0.75 (0.51-1.11) 0.15
History of OIRD (Ref=no)

Yes 0.41 (0.04-4.48) 0.46 5.60 (1.03-30.63) 0.05* 0.71 (0.23-2.25) 0.57
History of overdose (Ref=no)

Yes 1.79 (0.23-14.20) 0.58 1.04(0.27-3.96) 0.95 1.01 (0.30-3.36) 0.99

*Significant at a=0.05 level. Ref, reference category; SA, short acting; LA, long acting; MME, morphine milligram equivalents; LIS, low-income status,
COPD, chronic obstructive pulmonary disease; OIRD, opioid-induced respiratory depression; NSAIDs, non-steroidal anti-inflammatory drugs;, CNCP,

chronic non-cancer pain

higher odds of OIRD compared to patients with <100 daily
MME. The current study adds to the literature of opioid safety,
by examining these relationships in older adults receiving
LTOT. Improper use of any opioid can cause serious adverse
effects including overdose and mortality, and this risk can be
significantly higher with the use of extended release or LA
opioids. Although LA opioids may be able to provide more
consistent and prolonged pain relief,?” their unique

pharmacokinetic profiles make them riskier than short-acting
opioids.*® Therefore, the CDC recommends that extended
release and LA opioids be reserved for patients with severe
and continuous pain only."° In addition, older adults may be at
higher risk for opioid overdose, OIRD and other adverse
effects when prescribed LA opioids because their reduced
renal or hepatic function can lead to decreased drug clearance
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from the body.'®'®?" On the other hand, SA opioids are
generally indicated for the management of acute and break-
through pain. When LA opioids are used concomitantly with
SA opioids, it is possible that the sudden increase in plasma
opioid concentrations may increase the risk of opioid-related
adverse events,?’ as shown in the current study.

This study also finds that compared to opioid dosage of less
than 20 MME, higher daily dosage is a significant predictor of
all-cause mortality and the composite outcome among older
adults with CNCP. Although there is no absolutely safe dose
for LTOT, previous research shows that regardless of patient
age, the risk of opioid-related adverse outcomes increases with
increasing doses.'""'*!” The CDC guideline for prescribing
opioids for chronic pain also recommends that clinicians
should start patients with the lowest effective opioid dose,
great caution has to be exercised when considering increasing
opioid dosage to >50 MME/day, and opioid dosage of >90
MME/day should be generally avoided.'® Therefore, the
choice of opioid formulations and dose should be individual-
ized, balancing the patient’s need for continued pain relief and
the risk of opioid-related adverse events.?” Finally, this study
examined a variety of outcomes—two opioid-related events
and all-cause mortality—and found that the effect of the key
independent variables was largely consistent with hypotheses
and robust to covariate adjustment. Even though we were
unable to compute adjusted estimates for OIRD, the adjusted
results compared to the unadjusted results for the other out-
comes provide reasonable confidence in our findings.

This study has several limitations. First, as in all analy-
ses using insurance claims databases, we had restricted
capacity to adjust for the severity of diseases including
substance use disorders, physical illnesses, and psychiatric
illnesses, which may possibly place patients at increased
risk of opioid-related adverse events regardless of the opi-
oid regimen. Second, our reported opioid-related adverse
event rates may be an underestimate of the actual event
rates as some opioid-related adverse events may go unre-
ported if patients die without seeking medical attention or
receive medical attention that is not reimbursed by Medi-
care. As we do not have a priori reason to believe that the
ascertainment of outcomes would be biased with respect to
opioid dose or formulation, the relative risks that we report
are not likely to be affected by this limitation. Third,
administrative claims data do not capture all known pre-
dictors, such as behavioral and social characteristics, fam-
ily history and genotype, opioids obtained from other
sources, illicit substance use, and other details regarding
opioid indications (e.g., analgesia vs medication-assisted
treatment of opioid use disorder) or nonopioid medication.
Although we adjusted for all potential confounders, the
possibility of residual confounding cannot be excluded.
Fourth, due to the low event rates for outcomes of OIRD
and opioid overdose, the estimates for these outcomes
should be interpreted with caution. Finally, this study only
evaluated the impact of LTOT as operationalized through

the 90-day window. However, the risk of adverse outcomes
is probably also influenced by short-term changes in dose
and formulation or by the total duration of LTOT. Future
studies should investigate the impact of these factors.

CONCLUSION

We observed increased risk for opioid-related adverse events
in older adults receiving LTOT at higher doses, and those
using LA and the combination of LA and SA opioids relative
to those using only SA opioids. Because of inadequate evi-
dence regarding benefits and risks, LTOT should be pre-
scribed to older adults with caution, and a plan of close
monitoring and periodic reassessing of the benefits and risks
of opioid therapy should be in place.
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