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Abstract

Objective: To examine the association between initial patterns of prescription opioid supply
(POS) and risk of all-cause mortality among an insured opioid-naive patient population in the
United States (US).

Methods: This retrospective observational cohort study used de-identified, administrative health
care claims data from a large national insurer (Optum Clinformatics® Data Mart) from 2010 to
2015. Participants included insured, cancer-free adults prescribed opioid analgesics. Prescription
opioids received during the first 6 months of therapy were used to categorize initial patterns of
POS as daily or non-daily. Cox regression was used to estimate the association of initial patterns
of POS with all-cause mortality within one year of follow-up, adjusting for baseline covariates to
control for confounding.

Results: A total of 4,054,417 patients were included, of which 2.75% had incident daily POS;
54.8% were female; median age was 50 years; mean Charlson comorbidity index (CCI) was 0.21
(standard deviation [SD] = 0.77); and mean daily morphine milligram equivalent (MME) was
34.61 (95% CI: 34.59, 34.63). There were 2,068 more deaths per 100,000 person-years among
patients who were prescribed opioids daily than non-daily. After adjusting for baseline covariates,
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the hazard of all-cause mortality among patients with incident daily POS was nearly twice that
among those prescribed nondaily (hazard ratio [HR] = 1.94; 95% ClI: 1.84, 2.04).

Conclusion: Among insured adult patients with noncancer pain, incident chronic POS was
associated with a significantly increased risk of all-cause mortality over at most one year of
follow-up. Because these results may be susceptible to bias, more research is needed to establish
causality.
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INTRODUCTION

Several studies have reported a connection between opioid prescribing practices and opioid-
related adverse health outcomes, including opioid use disorder (OUD), overdose, and death.
1-3 Death from opioid-related overdose is usually due to respiratory depression induced by
opioids, especially at doses that the individual cannot tolerate. Compared with the general
population, increased mortality among patients with OUD has been attributed to opioid
overdose and traumatic injury.*® In addition, higher rates of hospitalization for localized and
systemic infections due to injection drug use have been reported among patients with OUD.
6.7 Other studies have linked long-term opioid therapy with adverse effects on the immune
system, leading to increased risk of certain serious infections.8-11 Indeed, over the last
decade, deaths due to opioid overdose have tripled in the US. In 2016, opioid overdoses
accounted for more than 42,000 deaths with about 40% of cases involving prescription
opioids.12 Recent studies suggest that there may be an association between receipt of
prescription opioids and mortality.113:14 Among patients ages 50 and older who visited
participating general practices in the United Kingdom with osteoarthritis, initial prescription
of opioid analgesics was associated with increased mortality within one year of follow-up
compared with some commonly prescribed non-steroidal anti-inflammatory drugs.13

The initial pattern of prescription opioid supply (POS) and utilization varies among patients
depending on the indications, severity of pain, comorbidities and local prescribing norms.
Often initial opioid prescriptions intended for short term use may result in long-term or
incident chronic use with possible adverse health outcomes.1>16 Studies have found that the
likelihood of persistent opioid exposure may be associated with the dose and/or duration of
the first opioid prescription.1718 However, one case-control study of US veterans that
examined the relationship between patterns of POS and health outcomes found that
receiving as-needed opioids in addition to regularly scheduled opioid therapy was not
associated with an increased risk of overdose.!

To date, most state and federal efforts aimed at curbing the opioid crisis have primarily
focused on restricting the supply of prescription opioids through policies such as
prescription drug monitoring programs, opioid prescribing guidelines, quantity-limit
regulations, and law enforcement activities. Current opioid prescribing guidelines
recommend weighing likely risks and benefits of prescription opioids prior to initiating
opioid therapy; and reassessing this risk-benefit balance frequently during therapy.19 Despite
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these guidelines, initial opioid prescriptions intended for short term use often lead to
incident chronic POS and little is known about the effects of initial patterns of POS on
mortality. A recent analysis of changes in opioid prescribing after the CDC guidelines were
released suggests some effects of duration of opioid therapy on mortality.2® However, no
studies have examined the role of initial patterns of POS in all-cause mortality among
opioid-naive patients. In this study, we sought to define clinically meaningful and relevant
types of initial patterns of POS and to determine how these initial patterns are associated
with all-cause mortality among commercially insured opioid naive adult patients in the US.
Assessing the mortality risks associated with incident patterns of POS may inform efforts to
address the current opioid crisis in the US.

METHODS

Study design and data source:

This was a retrospective cohort study using de-identified administrative claims data (Optum
Clinformatics® Data Mart) from 2010 to 2015. The database contains only enrollees with
both medical and prescription coverage and provides information on member demographics
and eligibility history, inpatient and outpatient medical services, and outpatient pharmacy
claims. Clinical procedures and professional services are recorded using the Current
Procedural Terminology (CPT) codes while associated diagnoses are recorded using the
International Classification of Diseases, 9™ and 10t Revisions, Clinical Modification
(ICD-9 and ICD-10) codes. The dataset was linked to mortality information on all enrollees
before it was made available for research. The study protocol was approved by the
University of Rhode Island Institutional Review Board.,

Study population:

The American Hospital Formulary Service classification codes were used to identify records
of all patients in the database who filled at least one opioid prescription (Figure 1). Akin to
the design of a randomized trial,2! we focused on opioid-naive patients, defined as having no
opioid prescription or OUD claim during the first observed 6 months of continuous
enrollment prior to the index date.22 The index date was defined as the date of the first
dispensed opioid prescription during the study period (eFigure 1). To allow for adequate
ascertainment of baseline characteristics and initial patterns of POS, we required patients to
be continuously enrolled (allowing gaps in enroliment of up to 90 days) for at least 6 months
before (i.e., baseline period) and 6 months after the index date. Like the design of a
randomized trial, we applied inclusion and exclusion criteria (eTable 1). Patients were
excluded if they were younger than 18 years old as of the index date, or if their first opioid
prescription was for a medication for OUD, implying prior exposure to prescription opioids
was more likely.23 The study sample was further restricted to patients with no claims for any
cancer diagnosis, or use of palliative or hospice care during the index or baseline period.24
Hospice and palliative care services were identified with ICD-9 and CPT codes. We
excluded individuals who were unlikely to have enough data to establish sufficient follow-
up, specifically those with less than 6 months of enrolment after the index date. The final
study sample consisted of 4,054,417 patients.
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Exposure definition:

Exposure was defined as receipt of a prescription opioid analgesic between 2010 and 2015.
Based on the Consortium to Study Opioid Use and Trends criteria,2>26 we summed all the
days’ supply for all opioid prescriptions filled by each patient during the first 6 months of
opioid therapy (i.e., index period). This information was used to assign each patient to a
treatment strategy categorized either as daily POS (i.e., long-term or chronic use) if a patient
had more than 90 days’ supply of prescription opioids during the index period or as non-
daily POS (i.e., short term use) otherwise.2” This strategy assumed that overlapping opioid
prescriptions were taken sequentially until all opioid medications were consumed. We
disregarded treatment changes that occurred during the follow-up period as patients were
assumed to remain on their defined treatment strategy. We computed the average daily
MME, and the number of providers and pharmacies used during the index period to fulfill
opioid prescription requirements. Opioid prescription dosing information was converted to
daily morphine milligram equivalent (MME) by multiplying the quantity of each
prescription by the strength of the prescription, divided by the days’ supply received, and
multiplying this total by published conversion factors.28 For patients who received more
than one opioid prescription on any given day, the MME of all prescriptions were added
together. Although there is no known ceiling effect for most opioid analgesics, based on
recent studies and CDC prescribing guidelines, the average daily MME was categorized as <
50, 50-90, or >90 MME daily for descriptive purposes.®19.29

Covariate information:

Confounding factors needed to ensure comparability of exposure groups were specified a
priori. The dataset contained information on the patient’s sex, type of insurance, type of
health plan, and US states grouped into five census regions. Age in years, was calculated as
of the index opioid prescription date. Clinical characteristics that may influence both the
initial pattern of POS and mortality, such as Charlson comorbidity index, common pain
conditions, mental health disorders, pregnancy-related conditions and surgical procedures;
occurrence of sprains and fractures, and substance use disorders including alcohol, tobacco,
opioids and other substances were identified during the baseline and index periods using
ICD-9 and ICD-10 codes.30 All clinical diagnosis variables were used to indicate if the
patient had been diagnosed with or treated for the condition during the baseline period. Use
of psychiatric medications such as benzodiazepines, antidepressants, antipsychotics, and
gabapentin was defined as having one or more prescription claims during the index period,
irrespective of whether that use overlapped with use of an opioid prescription.26 We used
prescription information to identify psychiatric conditions on the assumption that this
approach is likely to define the presence of clinically significant psychiatric comorbidity
with greater specificity than diagnostic codes. A listing of ICD-9, ICD-10 and CPT codes
used to identify various conditions is provided in the Online Appendix (eTable 2-7).

Outcome measurement:

The study outcome was all-cause mortality independently ascertained by the data vendor
through linkage of the database with the Social Security Administration Death Master file.3!
The specificity of this master file for detecting mortality status has been estimated to range
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from 97% to 100%.32-35 Our database contained no information on the underlying causes of
death and since only the month and year of death are recorded, the date of death was
imputed to be the last calendar day of each month. For each patient, person-time of follow-
up was measured from the end of index period to death, disenrollment, the end of a 1-year
follow-up period or end of the study (i.e., December 31, 2015), whichever came first.
Because mortality was captured in the master file and not measured, individuals were
censored 12 months after the last medical encounter.36

Statistical Analysis:

Descriptive statistics were computed for demographic, clinical, and prescription
characteristics at baseline and presented by initial pattern of POS. We estimated overall
median follow-up time and crude death rate for the study sample. Overall survival among
the two exposure groups (daily versus non-daily) was compared using unadjusted and
inverse-probability-weighted (IPW) Kaplan-Meier survival curves.3” We assumed that
conditional on measured baseline covariates, those exposed to daily and nondaily POS are
exchangeable. We fit unadjusted and adjusted multivariable Cox regression model to
estimate hazard ratios (HR) with 95% confidence intervals (Cl) used to determine the
association of initial pattern of POS with the rate of all-cause mortality, adjusting for patient-
level baseline covariates to control for confounding. Restricted quadratic splines were used
to finely control for continuous confounders (age and average MME) allowing for a non-
linear relationship with time-to-death.38 Based on the graphical visual inspection of the log-
log survival curves the assumption of proportional hazards for initial pattern of POS was
satisfied (Appendix eFigure 2).

We performed two additional analyses to assess effect modification by opioid dose and age.
To assess whether the effect of the initial patterns of POS on all-cause mortality was
modified by MME, we added a cross-product term between initial patterns of POS and a
binary MME variable (low dose, <90 versus high dose, >90). The definition of high daily
opioid dose was based on the Department of Veterans’ Affairs (VA) and CDC opioid
prescribing guidelines.19:39 These opioid prescribing guidelines recommend weighing likely
risks and benefits of prescription opioids prior to initiating opioid therapy; reassessing the
risk-benefit balance when exceeding 50 MME daily, and avoiding daily doses in excess of
90 MME daily. Because the interaction term was significant (p < 0.0001), a stratified
analysis was performed. Effect modification by age was evaluated similarly and a stratified
analysis conducted. Furthermore, in a subgroup analysis restricted to a full sample of 15,630
patients who died during follow-up, we described health conditions with claims in the
primary or secondary position and use of health services during a 6-month period preceding
death stratified by the initial pattern of POS.

All data manipulations and statistical analyses were performed with SAS version 9.4 (SAS
Institute, Cary, NC) or R statistical software, version 3.2.3 (R Core Team 2016).40 All tests
of statistical significance were two-sided and performed at the 0.05 significance level.
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RESULTS

A total of 4,054,417 patients were included in the study, of which 2.75% were patients who
were prescribed opioids daily; 54.8% were female; median age was 50 years; mean Charlson
comorbidity index (CCI) was 0.21 (standard deviation [SD] = 0.77); and mean daily MME
was 34.61 (95% confidence interval [C1]: 34.59, 34.63). Table 1 shows baseline
characteristics of patients included in the study; overall and by incident POS during the
index period. The average age of patients who were prescribed daily opioids was 62.2 years
(SD = 15.9) compared with 49.7 (18.2) years among patients who were prescribed non-daily.
Overall, the proportion of patients who were prescribed opioids daily increased
progressively with age while the proportion of patients who were prescribed non-daily
appeared to plateau after age 25 years. Almost 57% of patients prescribed opioids daily
received Medicare coverage compared to only 23% of patients who were prescribed non-
daily opioid supply.

Tobacco and alcohol were the most commonly used substances and were observed in 2.2%
and 0.36% of the study cohort, respectively. Joint and arthritis pain (15%) were the most
common pain syndromes with medical claims during the index period followed by back pain
(7.4%). Almost 9% of patients had a surgery-related claim during the baseline period and
6% had a claim for sprains and fractures. The proportion of patients who filled at least one
antidepressant (13.2%) or a benzodiazepine (7.2%) during the index period was much higher
than the proportion of patients with claims for mental health disorders during the baseline
period (6%). Overall, almost 90% of patients had no comorbid physical condition. However,
20% of patients on incident daily POS had one or more comorbid physical conditions
compared to 10% among patients who were prescribed opioids non-daily. During the index
period 1,608 (0.04%) patients were diagnosed with OUD. The incidence of OUD during the
index period was 0.27% among patients with daily POS compared with only 0.03% among
patients with non-daily POS. Similarly, on average, the number of opioid prescriptions,
number of different opioid types used, mean daily MME, and number of providers and
pharmacies involved were higher among patients who were prescribed opioids daily than
non-daily.

Patients were followed for up to one year (mean of 9.7 months) with a total of 3,289,758
person-years during which 15,630 (0.39%) died (Table 2). Overall crude death rate was 475
deaths per 100,000 person-years. Among patients on incident daily POS, the crude incidence
rate of all-cause mortality was 2,486 per 100,000 person-years compared to 418 per 100,000
person-years among patients with non-daily POS. The incidence rate difference (IRD) of
2,068 per 100,000 person-years represents the mortality rate among patients who were
prescribed opioids that is attributable to a pattern of incident daily use, assuming patients
who were prescribed opioids daily (i.e., exposed) would have had a mortality rate equal to
patients who were prescribed opioids non-daily (i.e., unexposed) had they not been given
prescription opioids daily. The crude rate of mortality among patients on incident daily POS
was almost six times that of the rate among patients with non-daily POS (crude incident rate
ratio [IRR] = 5.95; 95% CI: 5.69, 6.22). The survival probabilities of patients with incident
daily and non-daily exposure to prescription opioids are shown in Figure 2 and 3. Overall,
survival was associated with initial pattern of POS (p-value < 0.0001). For the duration of

J Addict Med. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aroke et al.

Page 7

follow-up, patients with incident daily POS had lower survival rates than patients with non-
daily POS with this difference becoming attenuated over time. The differences persisted
even after adjusting for potential confounders (i.e., age, average MME/day, gender, calendar
year, region, insurance type, health plan type, use of tobacco and alcohol, opioid overdose,
pain conditions, surgery, pregnancy-related conditions, and CCI) using inverse probability of
exposure weights.

Table 3 shows the results from the unadjusted and covariate adjusted Cox regression models.
In the unadjusted model, the hazard of all-cause mortality among patients on incident daily
POS was almost six times the hazard among patients who were prescribed opioids non-daily
(Hazard ratio [HR] = 5.95; 95% CI: 5.69, 6.22). After adjusting for baseline demographic
and clinical variables, the hazard of death among patients with incident daily POS was
almost two times the hazard of all-cause mortality among patients with non-daily POS (HR
=1.94; 95% ClI: 1.84, 2.04).

About 54,981 (1.36%) received high dose during the first 6 months of therapy. The
estimated association between incident daily POS and all-cause mortality was stronger
among patients receiving a high dose compared to low dose opioid prescriptions, while
among patients aged 65 and younger, the estimated association was slightly stronger than
among patients 65 years and older.

Among 15,630 decedents during follow-up, there were 13,377 (85.6%) patients who had a
medical diagnosis claim during the 6 months prior to death. There were more claims for
drug use (p=0.0288), opioid overdose (p < 0.0001) and cancer (p=0.0156) among patients on
incident daily POS compared with patients who used prescription opioids non-daily but
there was no difference in the use of medications for OUD and hospice care services (eTable
8). We examined 212 distinct diagnosis codes with frequencies of = 10 among 8,840
(56.6%) decedents; 17.4% were for cardiovascular disorders, 17.2% for cancer-related
diagnoses, 16.4% for respiratory disorders, 12.9% for septicemia and other infections, and
11.2% for cerebrovascular accidents and other CNS conditions. About 4.2% had a claim for
fractures and other noncancer-related pain conditions (eTable 9).

DISCUSSION

We found that the initial patterns of incident chronic POS was associated with increased
hazard of all-cause mortality, even after adjusting for confounding factors measured at
baseline. A stratified analysis suggests that the association may be modified, at least in part,
by the dose of the opioid prescription. The association was slightly stronger among patients
younger than 65 years old than among patients aged 65 years and older. Almost 3% of our
study population was exposed to incident chronic POS which was comparable to rates
reported in previous studies.#! The likelihood of chronic opioid exposure has been
associated with the dose and duration of initial opioid prescription.1”-18 Qverall, about 28%
of insured individuals were exposed to at least one opioid prescription during a six-year
period for which data was available. This is remarkably similar to findings of a 2015 study
which estimated that 92 million US adults used at least one opioid prescription,
corresponding to about 30% of the adult population.#2 Although incident chronic POS
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accounted for a relatively small proportion of the study population, it was associated with a
significantly increased risk of all-cause mortality within one year of follow-up.

All observational studies using claims data face several challenges, including residual and/or
unmeasured confounding because patients are not randomly assigned to treatment and
several confounders may not be well-captured, and our study is no exception. We
acknowledge that patients who received daily prescription opioids were, on average, older
and had poorer health status and more comorbidities than those who received non-daily
prescription opioids. However, among patients younger than 65 years old, the association
between the receipt of incident chronic opioid therapy and all-cause mortality was slightly
stronger than that observed among older patients, but the difference was not statistically
significant. Given our inability to adequately measure disease burden and severity of medical
conditions including frailty, debility and severity of pain using claims data, our findings
should be interpreted with these limitations in mind. In addition, POS was based on
prescription fills and adherence was not measured. We attempted to minimize exposure
misclassification by defining the exposure window over a 6-month period. Because we did
not account for the use of multiple types of opioids, it is possible that the observed
association may be related to the type of opioid utilized. For example, use of long-acting
prescription opioids for chronic noncancer pain has been associated with an increased risk of
mortality compared with anticonvulsants and cyclic antidepressants.14 We also attempted to
reduce imbalance between the exposure groups by including several potential confounders,
specified a priori and measured at baseline and during the index period, in our multivariable
Cox regression model. Restricted quadratic splines were used to finely control for
continuous confounders.38

Because analgesic medications, including prescription opioids, are often used to alleviate
pain and discomfort during terminal care,*3 we excluded patients with any cancer diagnoses
or hospice care services claims during the baseline or index periods. However, this
restriction may not have eliminated all confounding by indication. A subgroup analysis of
patients who died within one year of follow-up showed that cardiac conditions, cancer,
respiratory disorders and infections were the most common terminal medical diagnoses
recorded and patients who were given daily opioids had significantly higher rates of
substance use, overdose and cancer diagnosis within 6 months of death, although use of
hospice care services was remarkably similar. Both overdose and cancer diagnoses have
been associated with an increased risk of death.

Of over 70,000 drug overdose deaths in 2017 in the US, about two-thirds were related to
opioid exposure.** In most cases, patients who die from overdose do not live long enough to
benefit from hospice care. While it is possible that respiratory disorders are not necessarily
due to opioid-related overdose, several studies have found a relationship between POS and
serious human infections including pneumonia.1045:46 |t is possible that some patients may
have initiated prescription opioids in response to early signs and symptoms of undiagnosed
cancer. Although we excluded patients diagnosed with cancer during the baseline and index
periods, this, or other forms of protopathic bias cannot be excluded as a likely explanation
for our findings.4”48 Such patients may have died from an unrelated condition such as
myocardial infarction, opioid overdose or the underlying cancer - the second leading cause
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of death in the US overall, after heart disease.*? Furthermore, the risk of developing OUD
during the index period was 9 times higher among patients with daily POS compared with
non-daily use suggesting that some of the patients who were prescribed opioids as chronic
therapy may have developed OUD early with subsequent death from opioid-related
overdose.26 OUD has been associated with a 20-fold higher risk of premature death due to
overdose, infectious diseases, trauma, and suicide.>? Prior studies have found that
individuals, especially older ones, with an OUD are also more likely to die from chronic
diseases than drug-related causes such as overdose, suicide and other unnatural death.51:52
However, during the last 6 months of observation before death, claims for opioid-related
overdose were significantly more common among patient who received incident chronic
therapy (p < 0.0001). For many of the observed causes of death (e.g., cancer), there may be
no plausible causal link between the initial pattern of opioid exposure and the outcome,
whereas other causes of mortality may be related directly or indirectly to opioid exposure or
consequences of OUD (e.g., overdose death, infections).

Our findings are consistent with several prior studies that have reported significant risks
associated with chronic opioid therapy.>3 Prescription opioid-related deaths have been
associated with the use of long-acting agents,14:54 high daily dose therapy,>® concurrent use
of benzodiazepines,2-5%:56 sedatives, antidepressants and/or gabapentin,®” and use of opioids
in high risk patients such as those with sleep disorder,%® chronic obstructive pulmonary
disease, renal and hepatic failure,5% and patients 65 years of age and older.60.61 These studies
suggest that there may be several pathways to increased risk of mortality among patients on
prescription opioids, especially incident chronic POS. We did not find a statistically
significant higher risk of all-cause mortality associated with POS among patients older than
65 years compared to younger patients in this study.

LIMITATIONS

Our study had some important limitations. First, we could not rule out unmeasured
confounding by indication and protopathic bias as a likely explanation of the association
between incident chronic receipt of prescription opioids and increased risk of all-cause
mortality within the first year of follow-up. Patients with cancer and hospice claims at
baseline and index period were excluded from our analysis, and several potential
confounders, identified a priori, were included in the adjusted model. Second, we assumed
that patients were opioid-naive if they had not filled any opioid prescription for six months
although this may not imply that they were never exposed to opioids previously. Patients
were assumed to take overlapping opioid prescriptions sequentially until all medications
were consumed,26 and we were unable to determine the specific dosing instructions
provided to the patient by the provider. Although outpatient pharmacy data reflect POS, we
could not account for prescriptions paid for in cash that may not be captured in the database.
Lack of information on POS at other health plans or prior to start of the database may have
led to misclassification of some patients who were already receiving prescription opioids as
opioid-naive. Such misclassification was minimized by requiring at least 6 months of
enrollment with medical and pharmacy benefits prior to the index date and use of the index
period to estimate initial patterns of POS. Third, using ICD-9 and ICD-10 codes in
administrative data may underestimate certain medical and lifestyle conditions such as
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OUD, tobacco and alcohol use disorders leading to potential confounder misclassification.
We also lacked access to data on socioeconomic status likely limiting our ability to include a
sufficient set of covariates to adjust for confounding.52 Finally, we could not rule out
unmeasured confounding by indication and protopathic bias as a likely explanation of the
association between incident chronic receipt of prescription opioids and increased risk of all-
cause mortality within the first year of follow-up.

CONCLUSIONS

This study is a large longitudinal observational study of the association between initial
patterns of POS and all-cause mortality analyzed with an intent-to-treat analytical approach.
Incident chronic POS was associated with a 1.9-fold increased risk of all-cause mortality
over one year of follow-up. The greatest impact was seen among patients who received high
daily dose of prescription opioids. These findings are consistent with current CDC treatment
guidelines that recommend the use the lowest effective prescription opioid dose for the
shortest duration of treatment possible, especially among opioid-naive patients. Because the
results of this study may be susceptible to bias more research is needed to establish
causality. Such analyses may use structural models to replicate and extend our findings by
accounting for time-varying confounding and possible informative loss to follow-up as POS
is inherently time-varying.
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N = 9,904,282 patients claimed 2 1 opioid prescriptions between 1/1/2010 and 12/31/2015*

(Total number of opioid prescriptions (Rx) = 60,579,588

f

9,731,678 patients & 60,014,643 Rx

)

.

Exclude for irregular prescription information (n=172,604)
Quantity dispensed < 0 or > 1000
Days supplied € 0 or > 180

Ratio of quantity dispensed to days supplied > 20

l { Exclude bulk agents (n=1,607 patients)
9,730,071 patients & 59,995,326 Rx ]
l ! Exclude for age < 18 or > 90 years (n=420,265 patients)

9,309,806 patients & 59,342,622 Rx

[ 9,261,188 patients & 58,612,011 Rx

Excluded if index opioid Rx is for OUD
(n=48,618 patients)

4,145,819 patients & 14,721,438 Rx

Continuous enrollment for 6 months before & after

index Rx date (n=5,075,369 patients)

4,144,878 patients & 14,454,073 Rx

OUD diagnosis before index date (n=941 patients)

4,136,949 patients & 14,474,533 Rx

Cancer diagnosis at baseline (n=7,929 patients)

4,078,318 patients & 14,436,940 Rx

—_ e

Hospice/palliative care claim at baseline
(n=58,631 patients)

— s )

L |

4,077,799 patients & 14,434,493 Rx

——

Missing sex (n=519 patients)

—

4,057,871 patients & 14,345,071 Rx

Missing US census region (n=19,928 patients)

1 !

4,054,417 patients & 14,336,907 Rx

)
)
|
J

Figurel.

Study population and sample selection from all patients who received at least one opioid
prescription in the database, 2010-2015
aAmerican Hospital Formulary Service class code was used to identify opioid prescription

claims

L

[ Deaths before start of follow-up (n=3,454 patients)

)
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Figure2.
Unweighted (left panel) and inverse probability of exposure weighted? (right panel) Kaplan-

Meier curves showing the survival experience of patients with receipt of daily and non-daily
prescription opioids, 2010-2015.

a1P-weighted curve was adjusted for baseline covariates: age, sex, US census region, index
year, Charlson comorbidity index, substance use disorders (alcohol, smoking, opioid
overdose), surgical procedure, fracture and strains, pain conditions (headache, neck and jaw
pain, back pain, abdominal pain, fibromyalgia), measured at baseline and index periods, and
opioid use disorder diagnosis, psychiatric medications (benzodiazepines, antidepressants,
gabapentin), number of opioid providers and average daily prescription opioid dose during
the index period.
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Figure 3.

4 6 8 10

Survival Time in Months

Unweighted (left panel) and IP-weighted? (right panel) cumulative incidence of mortality for
patients with receipt of daily and non-daily prescription opioid, 2010-2015.

a1P-weighted curve was adjusted for baseline covariates: age, sex, US census region, index
year, Charlson comorbidity index, substance use disorders (alcohol, smoking, opioid
overdose), surgical procedure, fracture and strains, pain conditions (headache, neck and jaw
pain, back pain, abdominal pain, fibromyalgia), measured at baseline and index periods, and
opioid use disorder diagnosis, psychiatric medications (benzodiazepines, antidepressants,
gabapentin), number of opioid providers and average daily prescription opioid dose during

the index period.
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Characteristics of patients exposed to prescription opioid analgesics by initial pattern of prescription opioid

supply for non-cancer pain and non-palliative care among insured adults in the United States, 2010-2015

(N=4,054,417)

Initial pattern of prescription opioid supply

Patients characteristics
Observation time in months, mean (SD)

Charlson comorbidity index, mean (SD)

Female, n (%)

Age in years, mean (SD)
Age group in years, n (%)

18-24
25-34
35-44
45-54
55-64
65+

Insurance type, n (%)

Commercial
Medicare

Health plan type

Exclusive provider organization

Health maintenance organization

Indemnity
Others

Point of service
Preferred-provider organization

US census region, n (%)

Midwest
Northeast
South
West

Substance use and misuse, n (%)

Drug use
oub

Overdose

Opioid overdose

Alcohol use
Tobacco use

Cocaine

Overall Non-daily supply  Daily supply
n = 4,054,417 n=3,943,034 n=111,383
9.74 (3.66) 9.74 (3.66) 9.76 (3.67)
0.21 (0.77) 0.20 (0.75) 0.467(1.22)
2,221,906 (54.80) 2,160,536 (54.79) 61.370 (55_10)a
50.01 (18.26) 49.67 (18.20) 62.15 (15.92)
393,954 (9.72) 392,228 (9.95) 1,726 (1.55)
573,268 (14.14) 567,892 (14.40) 5,376 (4.83)
666,217 (16.43) 656,876 (16.66) 9,341 (8.39)
744309 (18.36) 726,993 (18.44) 17,316 (15.55)
664,687 (16.39) 642,355 (16.29) 22,332 (20.05)
1,011,982 (24.96) 956,690 (24.26) 55,292 (49.64)
3,078,129 (75.92) 3,029,814 (76.84) 48,315 (43.38)
976,288 (24.08) 913,220 (23.16) 63,068 (56.62)
364,973 (9.00) 359,516 (9.12) 5,457 (4.90)
757,067 (18.67) 717,885 (18.21) 39,182 (35.18)
39,895 (0.98) 38,088 (0.97) 1,807 (1.62)
448,367 (11.06) 424,561 (10.77) 23,806 (21.37)
2,278,627 (56.20) 2,244,141 (56.91) 34,486 (30.96)
165,448 (4.08) 158,843 (4.03) 6,645 (5.97)

943,302 (23.27)
461,554 (11.38)
1,722,371 (42.48)
927,190 (22.87)

3,143 (0.08)
1,608 (0.04)
1,799 (0.04)
317 (0.01)
14,411 (0.36)
88,338 (2.18)
750 (0.02)

922,117 (23.39)
449,788 (11.41)
1,676,020 (42.51)
895,109 (22.70)

2,637 (0.07)
1,306 (0.03)
1,633 (0.04)
270 (0.01)
13,585 (0.34)
84,405 (2.14)
699 (0.02)

21,185 (19.02)
11,766 (10.56)
46,351 (41.61)
32,081 (28.80)

506 (0.45)
302 (0.27)
166 (0.15)
47 (0.04)
826 (0.74)
3,933 (3.53)
51 (0.05)
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Initial pattern of prescription opioid supply

Overall Non-daily supply  Daily supply
Patients char acteristics n = 4,054,417 n=3,943,034 n=111,383
Marijuana 717 (0.02) 701 (0.02) 16 (0.0l)b
Other substance use® 1,669 (0.04) 1,534 (0.04) 135(0.12)
Pain-related diagnosis, n (%)
Headaches/migraines 119,534 (2.95) 115,654 (2.93) 3,880 (3.48)
Neck pain 134,293 (3.31) 128,314 (3.25) 5,979 (5.37)
Back pain 299,055 (7.38) 283,046 (7.18) 16,009 (14.37)
Abdominal pain 220,857 (5.45) 214,574 (5.44) 6,283 (5.64)
Joint pain/arthritis 609,390 (15.03) 583,732 (14.80) 25,658 (23.04)
Fibromyalgia/CFS 59,497 (1.47) 55,838 (1.42) 3,659 (3.29)
Chronic pain syndromes 171,277 (4.22) 158,164 (4.01) 13,113 (11.77)
Other pains 131,099 (3.23) 125,427 (3.18) 5,672 (5.09)
Comorbid conditions, n (%)
Fractures/strains 235,215 (5.80) 227,255 (5.76) 7,960 (7.15)
Surgical diagnosis 358,187 (8.83) 348,817 (9.85) 9,370 (8.41)
Mental health disorders” 253,245 (6.25) 241,244 (6.12) 12,001 (10.77)
Pregnancy-related claim 739,434 (18.24) 713,180 (18.09) 26,254 (23.57)
Use of Psychotropic medications, n (%)
Benzodiazepines 290,368 (7.16) 275,858 (7.00) 14,510 (13.03)
Antidepressant 536,975 (13.24) 505,982 (12.83) 30,993 (27.83)
Antipsychotics 45,521 (1.12) 41,542 (1.05) 3,979 (3.57)
Gabapentin 42,908 (1.06) 37,154 (0.94) 5,754 (5.17)
Characteristics of opioid Rx during index period, mean (SD)
Number of prescriptions 1.74 (1.63) 1.58 (1.18) 7.13 (4.14)
Number of prescription types 1.17 (0.44) 1.16 (0.41) 1.65 (0.84)
Number of providers involved 1.29 (0.65) 1.26 (0.60) 212 (1.41)
Number of pharmacies used 1.13 (0.42) 1.12 (0.38) 1.59 (0.99)
Average daily dose, MME 34.61 (20.42) 34.47 (18.74) 39.44 (52.13)
Average daily MME, n (%)
<50 3,365,583 (83.01) 3,275,993 (83.08) 89,590 (80.43)
50-90 633,853 (15.63) 619,626 (15.71) 14,227 (12.77)
>90 54,981 (1.36) 47,415 (1.29) 7,566 (6.79)
Charlson comorbidity index, n (%)
0 3,626,558 (89.45) 3,537,215 (89.71) 89,343 (80.21)
1+ 427,859 (10.55) 405,819 (10.29) 22,040 (19.79)

Abbreviations: OUD=0pioid use disorder, SD=standard deviation, Cl=confidence interval, MME=morphine milligram equivalents.
ap—value =0.03;

bp—value > 0.05; all other p-values < 0.0001.
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Clncludes anxiolytics, stimulants, hallucinogenic drugs, or use of unspecified drugs.

Includes adjustment disorders, anxiety disorders, conduct disorders, cognitive disorders, mood disorders, schizophrenia and psychotic disorders,
alcohol-related disorders, substance-related disorders, and miscellaneous mental health disorders.
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Table 2.

Number of deaths and person-years of observation among cohort of patients initially exposed to prescription
opioid daily and non-daily for non-cancer, non-palliative care conditions among insured adults in the United
States, 2010-2015 (N=4,054,417)

Initial pattern of prescription opioid exposure

Daily opioid supply ~ Non-daily opioid supply Total
Number of deaths, n (%) 2,253 (2.02) 13,377 (0.34) 15,630 (0.39)
Person-years of observation 90,624.40 3,199,133.00 3,289,758.00
2486.09 418.14 475.11

Crude mortality mate?
Crude IRR (95% ClI) 5.95 (5.69, 6.22)

Crude RD (95% Cl)a 2067.94 (1965.04, 2170.84)

Abbreviations: IRR=incidence rate ratio, IRD=incidence rate difference, Cl=confidence interval

aCases/lO0,000 person-years
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Table 3.

Unadjusted and adjusted hazard ratios for all-cause mortality associated with exposure to incident daily
prescription opioid supply versus non-daily incident prescription opioid supply among insured adults in the
United States, 2010-2015 (N=4,054,417)

Daily opioid supply  Non-daily opioid supply Overall

n=111,383 n=3,943,034 n=4,054,417
Deaths, n (%) 2,253 (2.02) 13,377 (0.34) 15,630 (0.39)
Person-years of observation 90,624.40 3,199,133.00 3,289,758.00
Unadjusted hazard ratio (95% CI) 5.95 (5.69, 6.22) Reference
Adjusted hazard ratio (95% Cl)a
Overall 1.94 (1.84, 2.04) Reference
MME category (mg/day)
Low dose (< 90) 1.88 (1.78,1.98) Reference
High dose (90+) 2.37(1.92,2.94) Reference
Age category (years)
< 65 years 1.86 (1.78, 1.96) Reference
65+ 1.70 (1.60, 1.80) Reference

Abbreviations: Cl=confidence interval; MME=morphine milligram equivalent

aModeI adjusted for differences in age, sex, US census region, index year, type of insurance, type of health plan, Charlson comorbidity index,
substance use disorders (alcohol, smoking, opioid overdose), surgical procedure, pregnancy-related conditions, fracture and strains, pain conditions
(headache, neck and jaw pain, back pain, abdominal pain, fibromyalgia), measured at baseline and index periods, and opioid use disorder diagnosis,
psychiatric medications (benzodiazepines, antidepressants, gabapentin), number of opioid providers and average daily prescription opioid dose
during the index period.
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