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Abstract

Background

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:Injury, prevalent and potentially associated with prescription opioid use among older adults,

has been implicated as a warning sign of serious opioid-related adverse events (ORAEs)

including opioid misuse, dependence, and poisoning, but this association has not been

empirically tested. The study aims to examine the association between incident injury after

prescription opioid initiation and subsequent risk of ORAEs and to assess whether the asso-

ciation differs by recency of injury among older patients.

Methods and findings

This nested case-control study was conducted within a cohort of 126,752 individuals aged

65 years or older selected from a 5% sample of Medicare beneficiaries in the United States

between 2011 and 2018. Cohort participants were newly prescribed opioid users with

chronic noncancer pain who had no injury or ORAEs in the year before opioid initiation, had

30 days or more of observation, and had at least 1 additional opioid prescription dispensed

during follow-up. We identified ORAE cases as patients who had an inpatient or outpatient

encounter with diagnosis codes for opioid misuse, dependence, or poisoning. During a

mean follow-up of 1.8 years, we identified 2,734 patients who were newly diagnosed with

ORAEs and 10,936 controls matched on the year of cohort entry date and a disease risk

score (DRS), a summary score derived from the probability of an ORAE outcome based on

covariates measured prior to cohort entry and in the absence of injury. Multivariate
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conditional logistic regression was used to estimate ORAE risk associated with any and

recency of injury, defined based on the primary diagnosis code of inpatient and outpatient

encounters. Among the cases and controls, 68.0% (n = 1,859 for cases and n = 7,436 for

controls) were women and the mean (SD) age was 74.5 (6.9) years. Overall, 54.0% (n =

1,475) of cases and 46.0% (n = 1,259) of controls experienced incident injury after opioid ini-

tiation. Patients with (versus without) injury after opioid therapy had higher risk of ORAEs

after adjustment for time-varying confounders, including diagnosis of tobacco or alcohol use

disorder, drug use disorder, chronic pain diagnosis, mental health disorder, pain-related

comorbidities, frailty index, emergency department visit, skilled nursing facility stay, anticon-

vulsant use, and patterns of prescription opioid use (adjusted odds ratio [aOR] = 1.4; 95%

confidence interval (CI) 1.2 to 1.5; P < 0.001). Increased risk of ORAEs was associated with

current (�30 days) injury (aOR = 2.8; 95% CI 2.3 to 3.4; P < 0.001), whereas risk of ORAEs

was not significantly associated with recent (31 to 90 days; aOR = 0.93; 95% CI 0.73 to

1.17; P = 0.48), past (91 to 180 days; aOR = 1.08; 95% CI 0.88 to 1.33; P = 0.51), and

remote (181 to 365 days; aOR = 0.88; 95% CI 0.73 to 1.1; P = 0.18) injury preceding the inci-

dent diagnosis of ORAE or matched date. Patients with injury and prescription opioid use

versus those with neither in the month before the ORAE or matched date were at greater

risk of ORAEs (aOR = 5.0; 95% CI 4.1 to 6.1; P < 0.001). Major limitations are that the study

findings can only be generalized to older Medicare fee-for-service beneficiaries and that

unknown or unmeasured confounders have the potential to bias the observed association

toward or away from the null.

Conclusions

In this study, we observed that incident diagnosis of injury following opioid initiation was

associated with subsequent increased risk of ORAEs, and the risk was only significant

among patients with injury in the month before the index date. Regular monitoring for injury

may help identify older opioid users at high risk for ORAEs.

Author summary

Why was this study done?

• Injury has been hypothesized as a warning sign of serious opioid-related adverse events

(ORAEs) including opioid misuse, dependence, and poisoning, which has increased

over the past decade among older adults.

• Yet, the hypothesis that injury after opioid therapy among older adults may act as an

important warning sign of ORAEs remains untested.

What did the researchers do and find?

• The primary analysis assessed the occurrence of incident injury at any time after pre-

scription opioid initiation and before an incident ORAE for 2,734 cases and over the

same period for their 10,936 matched controls who did not experience an ORAE,

selected from a cohort of Medicare older patients diagnosed with chronic noncancer
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pain who were new users of prescription opioids. The secondary analysis assessed

whether recency of injury was associated with risk for ORAEs.

• We found that patients with (versus without) injury after opioid therapy had higher risk

of ORAEs after adjustment for time-varying confounders.

• We also found that increased risk of ORAEs was associated with current (�30 days)

injury, whereas risk was not significantly associated with recent (31 to 90 days), past (91

to 180 days), and remote (181 to 365 days) injury preceding the incident diagnosis of

ORAE for cases or equivalent matched date for controls.

What do these findings mean?

• An incident diagnosis of injury following opioid initiation was associated with subse-

quent increased risk of ORAEs, and the risk was only significant among patients with

injury in the month before the diagnosis of ORAE or matched date.

• Regular monitoring for injury may help identify older opioid users at high risk for

ORAEs.

Introduction

Older adults in the United States have experienced substantial increases in opioid-related

adverse events (ORAEs), including opioid use disorder (OUD), opioid overdose (OD), and

opioid misuse in the last 15 years despite a decrease in opioid prescribing. While the overall

rates of ORAE are relatively low in older versus younger populations, between 2006 and 2016,

adults aged 65 years or older had the largest increase of all age groups in incident diagnosis of

OUD or OD (14.2-fold versus 3.5-fold for adults 18 to 64 years of age) [1]. This finding paral-

lels a federal study showing that hospitalizations and emergency department (ED) visits associ-

ated with OUD and OD among older adults increased by 34.3% (from 199.3 to 267.6 per

100,000 population) and 74.2% (from 44.7 to 77.9 per 100,000 population), respectively, from

2010 to 2015 [2]. Opioid misuse, defined as the use of opioids without a prescription or for rea-

sons or in ways other than as prescribed, doubled from 484,000 persons (1.1%) in 2002 to

880,000 persons (2.0%) in 2014 among older adults [3]. The majority (98%) of opioid misuse

episodes among older adults involves prescription opioids, with only 2% involving non-pre-

scribed opioids (i.e., diverted or illicit sources) [4]. The increase in OUD, OD, and opioid mis-

use contrasts with the decrease in opioid prescribing [5] and signals an urgent need to identify

factors beyond opioid prescribing that may contribute to ORAEs to inform interventions for

older populations [6].

Injury is prevalent and potentially associated with prescription opioid use among older

adults and has been postulated to be an early warning sign of ORAEs. Injury is considered an

event that potentially reflects opioid misuse and user disorder and emerges between opioid ini-

tiation and opioid-related harms [7]. This presumption is supported by a 217% increase in the

population-adjusted rate of ED visits with a diagnosis of opioid misuse among older adults

(from 37.8 per 100,000 in 2006 to 119.9 per 100,000 in 2014), with injuries being more preva-

lent among older adults with an opioid misuse-related ED visit compared with the older
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population in general (30.3% versus 20.0%, P< 0.001) [8]. Furthermore, patients with (versus

without) injuries were 1.4 times as likely to report persistent opioid use [9], which increases

the risk for opioid dependence and overdose [10,11].

To date, the hypothesis that injury after opioid therapy among older adults may act as an

important warning sign of ORAEs remains untested. Thus, this study aimed (1) to examine

whether injury after initial use of prescription opioids was associated with subsequent risk of

an ORAE; and (2) to assess whether the association differed by the recency of injury preceding

an ORAE among US older adults. This second aim allowed for understanding whether the

timing of injury matters in estimating future risk of ORAEs among older adults.

Methods

Study design and data sources

We conducted a nested case-control study in a cohort of beneficiaries with chronic noncancer

pain who were at least 65 years of age and had initiated prescription opioids, assembled from a

5% random Medicare sample from January 1, 2011 to December 31, 2018. Medicare is a fed-

eral health insurance program for Americans who are 65 or older, those under 65 who have a

disability, or those with end-stage renal disease. In 2018, a total of 61.5 million Americans

were enrolled in Medicare, with 86% of them due to age [12,13]. Medicare provides coverage

for Part A (inpatient service), Part B (office-based visits), and Part D (prescription drugs) for

its fee-for-service beneficiaries [12]. In this study, we used a 5% sample of Medicare beneficia-

ries provided by the Centers for Medicare and Medicare Services (CMS), and the 5% sample is

randomly selected based on the last 2 digits of the beneficiary’s claim account number accord-

ing to standard CMS processes [14]. Medicare claims data have been widely used for observa-

tional studies, with good agreement in various disease conditions (e.g., 89% for hip fracture)

[15], procedures (e.g., 92.2% for pacemaker implantation) [16], and prescription drugs

(between 95% and 99%) [17], in comparison with medical records.

As depicted in Fig 1, a nested case-control design allowed for (1) including all identified

ORAE cases, which are relatively rare among older adults compared with younger populations

[1]; and (2) studying the association between recency of injury exposure and risk for ORAEs

by flexibly modeling the exposure at varying proximities to the event date [18]. The study was

approved by the University of Florida Institutional Review Board and followed the Strengthen-

ing the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline

(S1 STROBE Checklist). Data analyses were performed as per a prespecified protocol between

January and December 2021 (S1 Text).

Identification of the study cohort

We identified individuals 65 years of age or older who were naïve to prescription opioids

defined as having no opioid prescription fill within 1 year before the date of their first dis-

pensed opioid prescription (excluding buprenorphine sublingual tablets and buprenorphine-

naloxone combinations indicated for treatment of OUD or OD; S1 Table), which was set as

the cohort entry. During the 1-year pre-cohort entry, patients were required to have the fol-

lowing: (1) a primary or secondary diagnosis of a chronic pain condition (S2 Table) to ensure

a relatively homogeneous cohort regarding pain conditions; (2) continuous enrollment in

Medicare Parts A (inpatient), B (outpatient provider), and D (prescription drug) without

insurance coverage from health maintenance organizations or employer-sponsored plans; and

(3) no cancer diagnosis, hospice care, or palliative care because of the different pain manage-

ment and treatment goals considered for these patients. We excluded patients who had

received a diagnosis of an injury of interest (defined in the exposure measurement) or ORAE
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outcome (defined in the outcome measurement) in any diagnostic position during the year

before cohort entry. We then followed eligible patients until the earliest date of ORAE out-

come, a cancer diagnosis, receipt of palliative or hospice care, death, Medicare disenrollment,

or study end (December 31, 2018). We further restricted the study cohort to individuals who

had 30 or more days of follow-up, a minimum time window required to detect potential injury

after prescription opioid initiation, and who had at least 1 opioid prescription refill within the

year before the end of the follow-up. We implemented the second criterion to (1) target older

individuals who continued to receive prescription opioids in medical settings at which inter-

ventions could be implemented; and (2) reduce confounding by illicit opioid use, which likely

occurs among ORAE cases who had no prescription opioid use before the event [19].

Fig 1. Cohort inclusion flowchart for the nested case-control study sample. ORAE, opioid-related advance event.

https://doi.org/10.1371/journal.pmed.1004101.g001
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Case identification

We identified ORAE cases as patients who had an inpatient or outpatient encounter with a

diagnosis as defined by International Classification of Diseases, Ninth or Tenth Revision, Clini-
cal Modification (ICD-9-CM or ICD-10-CM) codes for opioid misuse, dependence, or poison-

ing (S2 Table) [2,20]. Those codes have been used by US government agencies to define

ORAEs [2,20]. Consistent with prior studies [1,19], when identifying patients with incident

ORAE during follow-up, we only considered the first encounter with qualifying ICD-10-CM
diagnosis codes. Any incident ORAE event that concurred with an injury on the same encoun-

ter was excluded to ensure temporality, that is, the injury exposure preceded an ORAE out-

come. We set the date of the first eligible ORAE as the index date, and the same date was

assigned as the index date to the respective matched controls.

We matched each case to 4 controls because this ratio provides optimal statistical power

[21] while maintaining all eligible ORAE cases identified in Medicare data. Controls were ran-

domly selected using incidence density sampling [22], with matching criteria including the

year of cohort entry date and a disease risk score (DRS) (±0.1) for estimating future occurrence

of an ORAE outcome in the absence of injury exposure during the follow-up. Incidence den-

sity sampling identifies matched controls from risk sets of patients in the cohort who were at

risk but had not yet experienced an ORAE outcome at the index date of the case and who had

similar matching criteria, which ensures the same length of follow-up time between cases and

selected controls [22].

We used the DRS-based matching in a nested case-control setting because it allows for bal-

ancing all baseline covariates before cohort entry, increasing comparability between cases and

controls, as well as yields better statistical precision than does exact matching on multiple dis-

crete factors [23]. We calculated the DRS as the probability of predicting 2-year risk for devel-

oping an ORAE encounter during the follow-up based on prespecified risk factors (i.e.,

covariates measured during the 1-year pre-cohort period) via a Cox proportional hazards

regression model [23,24]. The 2-year risk was predicted because the time interval is the mean

follow-up of the study cohort. We utilized the “SAS macro for calculating disease risk score”

created by Desia RJ [25] and computed the DRS of the ORAE outcome as the fitted values

from the Cox model for each of the cohort samples (n = 126,752), with the exposure status set

to zero (no injury).

Measurement of injury

We examined all inpatient or outpatient medical encounters with a primary diagnosis code of

injury (S2 Table) between prescription initiation and the index date for both cases and con-

trols [26–28]. The validity of injury-related algorithm based on diagnosis codes for injuries in

Medicare inpatient or outpatient settings is high (83.2%) [26]. Many of those types of injuries

(e.g., fractures, relocation, sprains and strains, and intracranial injury) are related to falls and

have been shown to be associated with opioid use [6,29–32]. When identifying patients with

incident injury, we excluded ICD-10-CM codes that indicated a subsequent or sequela encoun-

ter. The primary exposure was the presence of incident injury at any time after opioid initia-

tion and before the index date. The secondary exposure was recency of injury in the year pre-

index period, classified into 4 categories: current (�30 days), recent (31 to 90 days), past (91 to

180 days), and remote (181 to 365 days) injury based on the most recent diagnosis date preced-

ing the index date. Current injury was further classified into an incident injury if there were

no other diagnostic records of injury in the 31 to 365 days before the index date, otherwise, as

recurrent injury. In the analysis of recency of injury, we included only case patients and con-

trols who had at least 1 year of follow-up before the index date so that injury exposure could be
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assessed for a complete 1-year period for each individual. In the secondary analysis, we

assessed a relationship between the cumulative number of incident injury episodes (classified

as 0, 1, 2, and�3) in the year pre-index period and risk for ORAEs.

Measurement of covariates

Important covariates included demographic characteristics (age, sex, and race and ethnicity),

low-income subsidy status (yes versus no), US region (Northeast, Midwest, South, and West),

diagnosis of alcohol or tobacco use disorder, type of chronic pain condition (musculoskeletal,

neuropathic, and idiopathic), polypharmacy (having�5 different medications, excluding opi-

oids), claims-based frailty index [33,34], and overall health care use (including any inpatient

admission, any ED visit, and any skilled nursing facility stay). Race and ethnicity were defined

based on Research Triangle Institute race code available in the Medicare claims database and

were grouped into 3 groups: white, black, and other (including Hispanic, Asian, Pacific

Islander, and Native American individuals), each with a sample size sufficient enough to

ensure statistically reliable estimates. We also included select comorbid clinical conditions (S2

Table), central nervous system medications (including antipsychotics, antidepressants, anti-

convulsants, benzodiazepines, non-benzodiazepines, and anxiolytics), and concurrent use of

prescription opioids and benzodiazepines, all of which are strong risk factors associated with

injury [35] or ORAE outcome in older adults [36]. We first measured these factors in the year

before cohort entry and included them in a Cox proportional hazards regression model to esti-

mate the DRS of developing the outcome during the follow-up, which was used for matching

cases and controls. Second, clinical conditions and use of prescription opioids and central ner-

vous system medications were treated as potential time-varying covariates, with the factors

associated with the clinical condition being measured in the year pre-index period and factors

associated with medication measured in the 6 months pre-index period.

Statistical analysis

We assessed both baseline and follow-up covariate balance between cases and controls after

DRS matching, with a standardized mean difference greater than 0.1 indicating covariate

imbalance [37]. We used conditional logistic regression to estimate the odds ratios (ORs) and

95% confidence intervals (CIs) of ORAE risk for the main and secondary analyses, adjusting

for imbalanced covariates at baseline or follow-up after matching.

We performed 3 additional analyses. First, we assessed the occurrence of injury associated

with specific types of opioid encounters (i.e., opioid misuse or dependence and opioid poison-

ing). Second, we examined the interaction of injury and prescription opioid use within 30 days

before the index date and its association with risk of ORAE. Third, we performed a sensitivity

analysis using a case-crossover design to assess the association between intermittent exposure

to injury events and risk of ORAEs [38]. A case-crossover study is unique in that it includes

patients with ORAE only (n = 2,734 identified in our nested case-control study), with each

patient serving as his or her own control to avoid control selection bias and measured and

unmeasured time-invariant confounders. As indicated in S1 Fig, our exposure to injury (yes

versus no) was compared between the case period (day 1 to 30) and control window (day 91 to

120) before the ORAE outcome at individual case levels. To ensure each eligible sample had

complete observation of injury exposure in both risk and control windows, we included

patients to those who had at least 120 days of follow-up before their ORAEs. This criterion

resulted in a sample of 2,436 ORAE cases included in the case-crossover study. We used condi-

tional logistic regression to estimate the OR of injury occurrence in the risk versus control

periods, adjusting for measured covariates that differed between these 2 periods (S6 Table).
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All analyses were performed from January 1 to December 31, 2021, using SAS, version 9.4

(SAS Institute), and all tests were 2-sided with statistical significance set as P< 0.05.

Results

The study cohort consisted of 126,752 older Medicare beneficiaries with chronic noncancer

pain who were new users of prescription opioids and free of injury and ORAEs in the year

before cohort entry (Fig 1). During a mean follow-up of 1.8 years, we identified 2,734 older

patients who had an incident ORAE diagnosed in inpatient or outpatient settings, yielding a

rate of 12.7 per 1,000 person-years, and 10,936 matched controls for the main analysis. Among

the cases and controls, 68.0% (n = 1,859 for cases and n = 7,436 for controls) were women and

the mean (SD) age was 74.5 (6.9) years (Table 1).

All demographic and clinical characteristics assessed were balanced before cohort entry

between cases and matched controls (Table 1). During follow-up, some of the covariates

remained balanced between cases and controls, whereas other covariates and patterns of pre-

scription opioid use differed in that they had a standardized difference >0.100 between cases

and controls, for which statistical adjustment was performed.

Overall, 54.0% (n = 1,475) of 2,734 cases and 43.1% (n = 4,718) of 10,936 controls experi-

enced injuries between opioid initiation and the index date (Table 2). The adjusted odds of

incident ORAE was 1.4-fold higher in patients with versus without an injury (adjusted OR

[aOR] = 1.4; 95% CI 1.2 to 1.5; P< 0.001). Stratification analysis by specific type of opioid

encounter showed higher risk of OD (aOR = 1.7; 95% CI 1.5 to 1.9; P< 0.001) but no differ-

ence in risk of OUD (aOR = 1.08; 95% CI 0.95 to 1.22; P = 0.23) among patients with versus

without injury (S3 Table).

In the recency analysis, increased risk of ORAEs was observed for patients with current

(�30 days) injury (aOR = 2.8; 95% CI 2.3 to 3.4; P< 0.001) preceding the index date, whereas

risk was not significant for patients with recent (31 to 90 days; aOR = 0.93; 95% CI 0.73 to

1.17; P = 0.48), past (91 to 180 days; aOR = 1.08; 95% CI 0.88 to 1.33; P = 0.51), or remote

injury (181 to 365 days; aOR = 0.88; 95% CI 0.73 to 1.06; P = 0.18), compared with patients

with no injury in the year pre-index period (Table 3). Of patients with current injury, those

with an incident injury had a 3.8-fold risk of ORAEs (95% CI 2.9 to 4.9; P< 0.001) and those

with recurrent injury had a 2.3-fold risk of ORAEs (95% CI 1.8 to 2.9; P< 0.001), compared

with patients without injury. Stratification analysis by specific type of opioid encounter

showed similar results, with higher risk of ORAEs detected among patients with current injury

only (for OD: aOR = 4.1; 95% CI 3.2 to 5.2; P< 0.001; for OUD: aOR = 1.3; 95% CI 1.02 to

1.71; P = 0.04) (S4 and S5 Tables). The finding of increased risk of ORAEs with current injury

but not with past injury persisted in the case-crossover design (aOR = 2.3; 95% CI 1.8 to 3.0;

P< 0.001) (S7 Table). There were significant associations between cumulative injury episodes

in the year pre-index period and risk of ORAEs in unadjusted models (OR = 1.5; 95% CI 1.3 to

1.7; P< 0.001 for 1 injury episode; OR = 1.6; 95% CI 1.3 to 2.0; P< 0.001 for 2 injury episodes;

OR = 1.8; 95% CI 1.6 to 2.2; P< 0.001 for 3 or more injury episodes versus none). In adjusted

models, the associations were attenuated but remained significant (aOR = 1.2; 95% CI 1.1 to

1.4; P = 0.01 for 1 injury episode; aOR = 1.3; 95% CI 1.1 to 1.6; P< 0.001 for 2 injury episodes;

aOR = 1.3; 95% CI 1.1 to 1.5; P = 0.01 for 3 or more injury episodes versus none).

The interaction of injury and prescription opioid use within the 30 days before the index

date was significantly associated with the risk of ORAEs (P< 0.001 for interaction) (Table 4).

Increased risk of ORAEs was observed among older patients with both injury and prescription

opioid use (aOR = 5.0; 95% CI 4.1 to 6.1; P< 0.001) and among older patients with injury but
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Table 1. Clinical and demographic characteristics of case patients and matched controls.

At baseline No. (%)a Follow-up No. (%)b

Characteristic Cases (n = 2,734) Controls (n = 10,936) SDiff c Cases (n = 2,734) Controls (n = 10,936) SDiffc

Age, y

Mean (SD) 74.5 (6.9) 74.5 (6.9) <0.001 74.5 (6.9) 74.5 (6.9) <0.001

65–74 1,449 (53.0) 5,807 (53.1) 1,449 (53.0) 5,807 (53.1)

75–84 807 (29.5) 3,095 (28.3) 807 (29.5) 3,095 (28.3)

�85 478 (17.5) 1,958 (17.9) 478 (17.5) 1,958 (17.9)

Female 1,856 (67.9) 7,436 (68.0) 0.004 1,856 (67.9) 7,436 (68.0) 0.004

Race and ethnicity 0.004 0.004

Black 284 (10.4) 1,181 (10.8) 284 (10.4) 1,181 (10.8)

White 2,179 (79.7) 8,683 (79.4) 2,179 (79.7) 8,683 (79.4)

Otherd 271 (9.9) 1,072 (9.8) 271 (9.9) 1,072 (9.8)

Receiving low-income subsidy 820 (30.0) 3,193 (29.2) 0.018 820 (30.0) 3,193 (29.2) 0.018

US region 0.020 0.020

South 1,239 (45.3) 5,063 (46.3) 1,239 (45.3) 5,063 (46.3)

Northeast 377 (13.8) 1,378 (12.6) 377 (13.8) 1,378 (12.6)

Midwest 571 (20.9) 2,395 (21.9) 571 (20.9) 2,395 (21.9)

West 547 (20.0) 2,100 (19.2) 547 (20.0) 2,100 (19.2)

Tobacco or alcohol use disorder 314 (11.5) 1,334 (12.2) 0.020 528 (19.3) 1,673 (15.3) 0.106

Drug use disorder 60 (2.2) 241 (2.2) 0.003 130 (4.8) 163 (1.5) 0.170

Chronic pain diagnosis

Musculoskeletal 2,463 (90.1) 9,875 (90.3) 0.008 2,668 (97.6) 10,214 (93.4) 0.200

Neuropathic 380 (13.9) 1,553 (14.2) 0.002 1,783 (65.2) 5,654 (51.7) 0.277

Idiopathic 1,228 (44.9) 4,899 (44.8) 0.011 1,321 (48.3) 2,953 (27.0) 0.463

Clinical condition

Mental health disorder 954 (34.9) 3,806 (34.8) 0.001 1,318 (48.2) 4,396 (40.2) 0.162

Diabetes 1,233 (45.1) 4,976 (45.5) 0.007 1,389 (50.8) 5,348 (48.9) 0.040

Cardiovascular disease 1,602 (58.6) 6,343 (58.0) 0.013 1,994 (71.1) 7,087 (64.8) 0.137

Hypertension 2,217 (81.1) 8,869 (81.1) <0.001 2,392 (87.5) 9,317 (85.2) 0.068

Pulmonary condition 1,783 (65.2) 7,076 (64.7) 0.010 2,042 (74.7) 7,601 (69.5) 0.116

Kidney disease 637 (23.3) 2,570 (23.5) 0.004 1,001 (36.6) 3,445 (31.5) 0.107

Gastrointestinal tract disorder 853 (31.2) 3,292 (30.1) 0.006 1,296 (47.4) 4,035 (36.9) 0.215

Liver disease 241 (8.8) 962 (8.8) 0.023 372 (13.6) 1,126 (10.3) 0.103

Respiratory infection 927 (33.9) 3,642 (33.3) 0.013 1,110 (40.6) 3,926 (35.9) 0.096

Infection due to nonsterile opioid injection 282 (10.3) 1,115 (10.2) 0.005 448 (16.4) 1,433 (13.1) 0.094

Cognitive impairment 186 (6.8) 766 (7.0) 0.007 405 (14.8) 1,323 (12.1) 0.077

Frailty index

Mean (SD) 0.17 (0.05) 0.17 (0.06) 0.039 0.21 (0.07) 0.19 (0.07) 0.224

Polypharmacy 2,338 (85.5) 9,427 (86.2) 0.018 2,649 (96.9) 10,499 (96.0) 0.019

Health care use

Any hospital stay 470 (17.2) 1,837 (16.8) 0.010 1,055 (38.6) 3,204 (29.3) 0.079

Any ED visit 719 (26.3) 2,767 (25.3) 0.022 1,326 (48.5) 4,145 (37.9) 0.197

Any SNF stay 96 (3.5) 394 (3.6) 0.005 328 (12.0) 853 (7.8) 0.138

Use of CNS medications

Benzodiazepine 525 (19.2) 2,242 (20.5) 0.031 681 (24.9) 2,264 (20.7) 0.100

Non-benzodiazepine 287 (10.5) 1,148 (10.5) <0.001 213 (7.8) 744 (6.8) 0.040

Anticonvulsants 662 (24.2) 2,668 (24.4) 0.005 940 (34.4) 2,953 (27.0) 0.160

Antidepressants 1,074 (39.3) 4,331 (39.6) 0.008 1,148 (42.0) 4,145 (37.9) 0.085

(Continued)
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no prescription opioid use (aOR = 4.6; 95% CI 3.7 to 5.7; P< 0.001), compared with older

patients with neither injury nor prescription opioid use in the month pre-index period.

Discussion

In this sample of older Medicare beneficiaries with chronic noncancer pain, we found that

injury occurring after prescription opioid initiation was independently associated with a

1.4-fold increased risk for ORAEs after adjusting for time-varying confounders. Timing of

injury also mattered in estimating future ORAEs. Injuries occurring in the month preceding

the index date for both cases and controls were associated with a 2.8-fold increased risk for

ORAEs, whereas risk was not significantly associated with recent, past, and remote injury pre-

ceding the index date. Consistent results were found in an alternative case-crossover design

and across subgroup analyses. Our findings indicated that the presence of injury after initial

use of prescription opioid therapy may be a warning signal suggestive of future incident

ORAEs among older opioid users.

Our findings add to the existing research by supporting the previously raised hypothesis

[8,9,39] that injury may be an indicator that emerges between prescription opioid initiation

and ORAEs among older adults. Although prior studies have shown an increased risk for inju-

ries (including falls, fractures, car crashes, head, and traumatic injuries) associated with opioid

use [6,29–31], none have explored a prognostic role of injury associated with ORAEs among

Table 1. (Continued)

At baseline No. (%)a Follow-up No. (%)b

Antipsychotics 148 (5.4) 580 (5.3) 0.003 170 (6.2) 558 (5.1) 0.047

Anxiolytics 768 (28.1) 3,193 (29.2) 0.022 842 (30.8) 2,854 (26.1) 0.100

Prescription opioid

Chronic opioid use (�90 days) - - - 839 (30.7) 2,187 (20.0) 0.324

High dose (�50 MME/daily) - - - 1,042 (38.1) 2,253 (20.6) 0.451

Long-acting opioid - - - 306 (11.2) 317 (2.9) 0.331

Opioid plus benzodiazepine - - - 632 (23.1) 2,187 (20.0) 0.170

aAll characteristics were measured in the year before cohort entry (i.e., opioid initiation).
bDiagnosis of diseases was measured in the year and use of medications was measured in the 6 months before the index date.
cCovariates with SDiff >0.100 represent meaningful differences between case and control groups.
dIncluded Asian, Hispanic, Native American, and Pacific Islander individuals.

CNS, central nervous system; ED, emergency department; MME, morphine milligram equivalent; SDiff, standardized difference; SNF, skilled nursing facility.

https://doi.org/10.1371/journal.pmed.1004101.t001

Table 2. Association between incident injury after prescription opioid initiation and subsequent risk of ORAEAU : AbbreviationlistshavebeencompiledforthoseusedinTables2 � 4:Pleaseverifythatallentriesarecorrect:.

Exposure Cases n = 2,734 (100%) Controls n = 10,936 (100%) Crude OR (95% CI) P value Adjusted ORa (95% CI) P value

Incident injury
No 1,259 (46.0) 6,218 (56.9) Reference Reference

Yes 1,475 (54.0) 4,718 (43.1) 1.72 (1.57–1.89) <0.001 1.35 (1.21–1.51) <0.001

aAlso adjusted for imbalanced covariates at follow-up, including diagnosis of tobacco or alcohol use disorder, drug use disorder, chronic pain diagnosis, mental health

disorder, cardiovascular disease, pulmonary condition, kidney disease, gastrointestinal tract disorder, liver disease, frailty index, ED visit, skilled nursing facility stay,

and anticonvulsant use as well as for patterns of prescription opioid use (including use of chronic opioid use, use of high opioid dose, use of long-acting opioids, and

concurrent use of opioids and benzodiazepines).

CI, confidence interval; ED, emergency department; OR, odds ratio; ORAE, opioid-related adverse event.

https://doi.org/10.1371/journal.pmed.1004101.t002
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older opioid users. Injury may reflect potential opioid misuse and use disorder developed over

time prior to the injury [7,39], which is especially challenging to identify among older adults

because many opioid misuse symptoms (e.g., sudden memory loss and confusion) mimic com-

mon geriatric symptoms [30]. Yet, aberrant opioid use behaviors, early precursors of ORAEs,

have been shown to impair older individuals’ cognitive and psychomotor functions, leading to

increased risk for unintentional injury [8]. Opioid-related injuries without timely interven-

tions may increase chronic opioid use, further heightening the chance of another injury and

leading to the downstream consequence of ORAEs [40].

Table 3. Risk of ORAEs by recency and cumulative number of injurious episodes in the year before the index datea.

Injury Cases, No (%) n = 1,725 Controls, No. (%) n = 6,900 Crude OR (95% CI) P value Adjusted ORb (95% CI) P value

Recency of Injury
None 933 (54.1) 4,505 (65.3) Reference Reference

Current (�30 days) 298 (17.3) 407 (5.9) 3.52 (2.98–4.16) <0.001 2.81 (2.32–3.39) <0.001

New event 127 (7.4) 150 (2.2) 4.06 (3.17–5.20) <0.001 3.76 (2.86–4.94) <0.001

Recurrent event 171 (9.9) 257 (3.7) 3.20 (2.60–3.94) <0.001 2.30 (1.82–2.90) <0.001

Recent (31–90 days) 128 (7.4) 495 (7.2) 1.26 (1.02–1.55) 0.03 0.93 (0.73–1.17) 0.48

Past (91–180 days) 163 (9.5) 565 (8.2) 1.41 (1.17–1.71) <0.001 1.08 (0.88–1.33) 0.51

Remote (181–365 days) 203 (11.8) 928 (13.5) 1.05 (0.88–1.24) 0.60 0.88 (0.73–1.06) 0.18

Cumulative No. of injury episodes
None 933 (54.1) 4,505 (65.3) Reference Reference

1 356 (20.6) 1,187 (17.2) 1.45 (1.26–1.66) <0.001 1.22 (1.05–1.42) 0.01

2 175 (10.1) 522 (7.6) 1.62 (1.34–1.95) <0.001 1.31 (1.07–1.61) <0.001

�3 261 (15.1) 686 (9.9) 1.84 (1.57–2.16) <0.001 1.28 (1.06–1.54) 0.01

aStudy sample included older patients with�1 year of follow-up.
bAlso adjusted for imbalanced covariates at follow-up, including diagnosis of tobacco or alcohol use disorder, drug use disorder, chronic pain diagnosis, mental health

disorder, cardiovascular disease, pulmonary condition, kidney disease, gastrointestinal tract disorder, liver disease, frailty index, ED visit, skilled nursing facility stay,

and anticonvulsant use as well as for patterns of prescription opioid use (including use of chronic opioid use, use of high opioid dose, use of long-acting opioids, and

concurrent use of opioids and benzodiazepines).

CI, confidence interval; ED, emergency department; OR, odds ratio; ORAE, opioid-related adverse event.

https://doi.org/10.1371/journal.pmed.1004101.t003

Table 4. Interaction of injury and prescription opioid use within the 30 days before the index date and risk of ORAEs.

Cases, No (%) Controls, No, (%) Crude OR (95% CI) P value Adjusted ORb (95% CI) P value

Interaction of injury with opioid usea n = 2,734 n = 10,936

No injury and no opioid use 861 (31.5) 6,934 (63.4) Reference Reference

No injury and opioid use 1,395 (51.0) 3,425 (31.3) 3.43 (3.11–3.79) <0.001 2.32 (2.06–2.62) <0.001

Injury and no opioid use 179 (6.6) 272 (2.5) 5.34 (4.35–6.56) <0.001 4.55 (3.65–5.67) <0.001

Injury and opioid use 299 (10.9) 305 (2.8) 8.28 (6.92–9.92) <0.001 5.00 (4.06–6.14) <0.001

P for interaction 0.001

aMeasured in the 30 days before the index date.
bAlso adjusted for imbalanced covariates at follow-up, including diagnosis of tobacco or alcohol use disorder, drug use disorder, chronic pain diagnosis, mental health

disorder, cardiovascular disease, pulmonary condition, kidney disease, gastrointestinal tract disorder, liver disease, frailty index, ED visit, skilled nursing facility stay,

and anticonvulsant use as well as for patterns of prescription opioid use (including use of chronic opioid use, use of high opioid dose, use of long-acting opioids, and

concurrent use of opioids and benzodiazepines).

CI, confidence interval; ED, emergency department; OR, odds ratio; ORAE, opioid-related adverse event.

https://doi.org/10.1371/journal.pmed.1004101.t004
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Our finding also adds to the existing research by showing a high OR (5.0) for ORAE in

older individuals with both injury and prescription opioid use versus patients with neither in

the month pre-index period deserves attention. This observation highlights the potential

importance of both factors when simultaneously occurring in the month pre-index period

may have a synergistic association with an increased risk of ORAE among older patients. We

also observed a significantly increased risk of ORAEs (4.6-fold) in the subgroup of older

patients who had an injury but had no prescription opioid use (versus those with neither) in

the month pre-index period. Increased risk in this subgroup may be attributable to improper

use of opioids prescribed prior to the last month before the index date or to an OUD that has

developed over time. Alternatively, this subgroup with an injury but no prescription opioids

might have proper use of their previously prescribed opioids and the increased subsequent

ORAE risk could be reflective of potential illicit opioid use before or during the last month.

A notable strength of our study is the use of a nationally representative sample of older

adults in a Medicare sample of recent years. Those national data provided a sufficient number

of older adults with incident ORAEs, allowing for adequate power to detect the association

between injury and risk for ORAEs. The study also had limitations. First, residual confounding

caused by unknown or unmeasured confounders is possible. For example, illicit opioid use,

which cannot be captured in Medicare data, is a confounder associated with injury and contrib-

utes to ORAEs among older adults. As well, Medicare data have no information on alcohol and

smoking behavior, and we mitigated this limitation to some extent by using the diagnosis of

alcohol and tobacco use disorder as a proxy. Second, we are unable to determine whether injury

was caused by opioid misuse or other reasons (e.g., uncontrolled pain). Third, not all fatal inju-

ries would be present in inpatient or outpatient care, and we included only injuries that received

medical attention. Thus, we could not rule out the possibility of exposure misclassification (i.e.,

patients were misclassified as having no injury because their events did not present in medical

settings). Fourth, while OD defined in inpatient claims data has been validated against chart

review, with a high positive predictive value (81%) [41], the validity of ORAEs, which includes

both OD and OUD defined in inpatient and outpatient claims, is unclear and warrants further

research. A suboptimal accuracy of the administrative data in detecting OUD cases is observed

largely due to the underdiagnosis of the condition [42]. The underdiagnosis of OUD, if differen-

tial by injury status, may potentially bias our estimated association. Fifth, our findings can be

generalized only to Medicare fee-for-service beneficiaries. Finally, our findings derived from

2011 to 2018 data may not be reflective of clinical practices after 2018, during which patterns of

opioid prescribing and its relevance to ORAEs may have been changed.

Our findings have important clinical implications for older adults who are prescribed opi-

oids for pain. Identification of injuries that emerge between opioid initiation and ORAEs may

assist health care professionals in the early detection of older opioid users at high risk for OUD

or OD. Such prevention can be implemented within the existing clinical protocol for opioid

prescribing by retrospectively reviewing patient electronic health records for inpatient or out-

patient encounters of injuries that occurred before their clinical visits. These injury events may

serve as a warning to alert clinicians that older patients may have already engaged in opioid

misuse, promoting further risk assessment and caution in prescribing opioids to prevent older

opioid users from progressing toward more severe opioid-related harms, such as opioid over-

dose and death.

Conclusion

In this sample of older patients who are Medicare beneficiaries, incident injury after prescrip-

tion opioid therapy was associated with subsequent increased risk of ORAEs, and the risk was
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only significant among patients with injury in the month before the index date. Our findings

suggest that regular monitoring of injury events after initiating prescription opioids may help

identify older opioid users at risk for ORAEs.
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