THE UNIVERSITY OF CHICAGO

HEALTH CARE UTILIZATION AND 12-MONTH MORTALITY FOLLOWING
A NONFATAL OPIOID OVERDOSE AMONG NONELDERLY INDIVIDUALS

DUALLY ENROLLED IN MEDICARE AND MEDICAID, 2014-2016

A DISSERTATION SUBMITTED TO
THE FACULTY OF THE CROWN FAMILY SCHOOL
OF SOCIAL WORK, POLICY, AND PRACTICE
IN CANDIDACY FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

BY

ALLISON L. PAULSON

CHICAGO, ILLINOIS

AUGUST 2023



This dissertation is dedicated to my sisters.



Table of Contents

I TS 0 B = o] [T RTR 1\
LEST OF FIQUIES. ...ttt b bbbkttt b bbbt bt et e e Vi
ACKNOWIEAGEMENTS ...ttt te e e re e te e beeneesreenneanee e vii
AADSTIACT. ...t b et bbb viii
INtroduction t0 DISSEITATION ..........coiiiiiiieieiee et 1
Paper 1. 12-Month Mortality among Nonelderly Duals Following Nonfatal Opioid
(@Y= 0 (01 RSSO TP 21
Appendix 1. A Flow Diagram of the Creation of the Study Cohort...........ccccceevveiiviieiiiieenns 42
Appendix 2. Supplemental Tables for PAper 1 .........coooviieiiiiiesee e 43
Paper 2. Medication for Opioid Use Disorder and 12-Month Mortality among Nonelderly
Dually Eligible Medicare and Medicaid BeNefiCIaries ............ccoorireriniiinieieie e 64
Appendix 3. Chronic Conditions Warehouse Codes for Identifying Receipt of Medication for
OPI0IH USE DISOIUEN ...ttt bbbt nb e bbb 85
Appendix 4. Characteristics and Comorbidities of Active MOUD, Inactive MOUD, and
Crossover MOUD Nonelderly Duals at the Time of Nonfatal Opioid Overdose..................... 87
Appendix 5. Differences in Characteristics and Comorbidities of Nonelderly Duals by MOUD
Status at the Time of Nonfatal Opioid Overdose, Stratified by Sex and Level of Health........ 92
Appendix 6. Sensitivity Analyses for Crossover Beneficiaries and Propensity Score Methods
................................................................................................................................................. 101
Paper 3. Health Care Utilization and 12-Month Mortality Following Nonfatal Opioid
Overdose among Nonelderly Duals by Sex and Diagnosis of Schizophrenia..................... 104
Appendix 7. ICD Codes for Mental Health and Substance Use Disorder Visits.................... 133
Appendix 8. Inpatient and Outpatient FaCility TYPES......ccccvveviriiiiieeieie e 134
Appendix 9. Characteristics of 20% Sample of Nonelderly Duals Who Survived Nonfatal
Opioid Overdose by Sex and Schizophrenia DiagnoSis ...........ccccvvveviiieiiene e 137
DisSertation CONCIUSION..........couiiiiiiiiiecieee et ettt reeneenes 139
=] (= (=] (o1 PSSR 149



List of Tables

Paper 1. 12-Month Mortality among Nonelderly Duals Following Nonfatal Opioid
Overdose
Table 1. Characteristics and Comorbidities of Nonelderly Dual Beneficiaries Who Survived an

(@] o To] [0 J@ V7T o 01T OSSR 28
Table 2. Characteristics Associated with 12-Month All-Cause Mortality............cccccoeevverieennnne. 32
Table 3. Characteristics of Nonelderly Duals Indicated to have Died from Opioid Overdoses and

ORI CAUSES ...ttt ettt et e st et et e e st e sbe e nbeene e eb e e beesbesbeenbeeneesbeebeeneenreennas 35

Appendix Tables for Paper 1
Table A2.1 Characteristics and Comorbidities of Nonelderly Dual Beneficiaries by Overdose

Status and Mortality OQULCOIME ........coviiiiiiiiee ettt sneesreeaeaneenres 43
Table A2.2 Complete Characteristics and Comorbidities of Nonelderly Dual Beneficiaries Who
Survived an OPIoid OVEIAOSE .........coiiieiiiiieiiesie ettt bbb e e 47
Table A2.3. Complete Characteristics Associated with 12-Month All-Cause Mortality among
Nonelderly Duals Following a Nonfatal Opioid OVErdoSe ..........ccccevverieiieieeniesie e 51
Table A2.4. Characteristics of Nonelderly Duals Who Died from Opioid Overdoses and Other

(O LU TP UR PRI 54
Table A2.5. Nonelderly Duals with Known vs. Unknown Causes of Death among Those Who
Died within 12 Months of Opioid OVEITUOSE ........cc.eieeiieieiieerie e 56

Table A2.6. Complete Characteristics Associated with 12-Month All-Cause Mortality among
Nonelderly Duals Following a Nonfatal Opioid Overdose, Fixed Effects of State vs. Clustered
Y= VLo Fo T = o] ST PR PRSPPI 60

Paper 2. Medication for Opioid Use Disorder and 12-Month Mortality among Nonelderly
Dually Eligible Medicare and Medicaid Beneficiaries

Table 4. Differences in Characteristics and Comorbidities of Nonelderly Duals by MOUD Status
at the Time of Nonfatal Opioid OVErdOSE..........cccueiuiiiiiicie et 73
Table 5. 12-Month Mortality Following Nonfatal Opioid Overdose by Active MOUD Status and
Stratified by Level of Health and SeX. ..o 77
Table 6. Propensity Score Adjusted Association between Use of MOUD prior to Nonfatal Opioid
Overdose and 12-Month MOTTAIITY ........coooiiiiiii e 78

Appendix Tables for Paper 2
Table A4.1. Characteristics and Comorbidities of Active MOUD and Crossover MOUD

Nonelderly Duals at the Time of Nonfatal Opioid OVerdose ...........cccocvevieiiiivie e 87
Table A4.2. Characteristics and Comorbidities of Inactive MOUD and Crossover MOUD
Nonelderly Duals at the Time of Nonfatal Opioid OVerdose ...........cccocvevieiiievie e 89
Table A5.1. Differences in Characteristics and Comorbidities of Female Nonelderly Duals by
MOUD Status at the Time of Nonfatal Opioid Overdose, 2014-2016 ..........ccccoeverinivrisienieeiiennn, 92

Table A5.2. Differences in Characteristics and Comorbidities of Male Nonelderly Duals by
MOUD Status at the Time of Nonfatal Opioid OVErdose ..........ccccovveiieeiiiiiiie i 94

iv



Table A5.3. Differences in Characteristics and Comorbidities of Nonelderly Duals with
Elixhauser scores below 1 by MOUD Status at the Time of Nonfatal Opioid Overdose ............. 96
Table A5.4. Differences in Characteristics and Comorbidities of Nonelderly Duals with
Elixhauser scores 1 or higher by MOUD Status at the Time of Nonfatal Opioid Overdose ........ 98
Table A6.1. Sensitivity analysis of unadjusted 12-month mortality rates comparing results
grouping 100% crossover beneficiaries with active MOUD group, grouping 50% crossover

beneficiaries with active MOUD, and excluding crossover beneficiaries ............cc.ccoovvviieinenn. 101
Table A6.2. 12-month mortality following nonfatal opioid overdose by Active MOUD status
adjusted for propensity score matching and stratified by level of health and sex. ..................... 102

Paper 3. Health Care Utilization and 12-Month Mortality Following Nonfatal Opioid
Overdose among Nonelderly Duals by Sex and Diagnosis of Schizophrenia

Table 7. Characteristics of Nonelderly Duals by Sex and Schizophrenia Diagnosis ................. 113
Table 8. Hospitalizations and Emergency Department Visits prior to Nonfatal Opioid OD (100%
of Study Cohort) by Sex and Schizophrenia DiagnosSiS..........cccviveiieieiieie e 116
Table 9. Hospitalizations and Emergency Department Visits Following Nonfatal Opioid OD
(100% of Study Cohort) by Sex and Schizophrenia DiagnosSiS ..........ccccvvveveeiieieereeie e 118
Table 10. Predicted Probabilities of 12-Month Mortality Following Nonfatal Opioid Overdose by
Sex and Schizophrenia DIAgNOSIS. .......ccviiiiieie ettt sre e e e enee s 120
Table 11. Characteristics Associated with 12-Month All-Cause Mortality by Sex and
SChiZOPNIENIA DIAGNOSIS. ... .veveeiicieeite ettt sre et esbe b e s aeesteeaesreesreentens 122
Table 12. Outpatient Utilization prior to Nonfatal Opioid OD (20% of Study Cohort) by Sex and
SCHIZOPNIENTA DIAGNOSIS. ... eevveatieeiteite ettt bbbttt nb b 125
Table 13. Outpatient Utilization Following Nonfatal Opioid OD (20% of Study Cohort) by Sex
and SChIZOPNIENTa DIAGNOSIS ........eiviitiiiiiiieiieie ettt bttt b b 126

Appendix Tables for Paper 3

Table A8.1 Inpatient FACIHITY TYPE ..c.ooiiiiiiiiiee s 134
Table A8.2 Outpatient FACIHlItY TYPE ....ooiiiiiiiiieiee s 134
Table A9.1. Characteristics of 20% Sample of Nonelderly Duals Who Survived Nonfatal Opioid

Overdose by Sex and Schizophrenia Diagnosis, 2014-2016 ..........ccccoooveienieereeiesieene e 137



List of Figures

Figure 1. Predicted probabilities of 12-month mortality among nonelderly duals by opioid
overdose status, age (10 years), mean characteristics, and selected conditions ...........c.ccccevveenee.
Figure 2. Days until Death among Beneficiaries Who Died from Causes Other Than Opioid

OVEIUOSE ...tttk b bt bbb bt h et e b bt bbbt bt e bt et et et e b et e b nneene s
Figure 3. Days until Death among Beneficiaries Who Died from Opioid Overdose....................

Vi



Acknowledgements

First and foremost, 1 would like to thank my dissertation committee: Drs. Harold Pollack,
Jeanne Marsh, and Prachi Sanghavi. | was incredibly fortunate to have brilliant, supportive
mentors with a wealth of knowledge about Medicare and Medicaid, the opioid epidemic, and
health services. Harold, | cannot overstate how much | appreciate the time and energy you
committed to my dissertation. | always knew | could count on you to ask the important questions,
remind me of my overarching focus, and provide invaluable feedback on drafts. There is no one |
would have rather had teach me. Jeanne, your belief in my ability and enthusiasm for my work
carried me through the hardest periods of the last few years. | left our meetings with buoyed spirits
and optimism about my progress, even when an hour previously | had felt | was getting nowhere.
Thank you for always being in my corner. Prachi, thank you for being my data and methods guru
these last few years. | feel like I got a second PhD in Medicare & Medicaid data management, and
| could not have done it without your guidance.

| would also like to thank Dr. Colleen Grogan for encouraging me to apply to the program
back when I was a public health student. I never would have thought a school of social work would
turn out to be the perfect fit for me! Thank you, Drs. Saria Awadalla, Kristin Rankin, and Ron
Hershow at the University of Illinois at Chicago, for teaching me the nuts and bolts of
epidemiology.

Thank you to my friends and family for supporting me all these years. | appreciate
everything you did to keep me laughing and living a well-rounded life when school threatened to
consume me. And finally, thank you to my husband, Adam. I could not have done this without

you.

vii



Abstract

Nearly 100,000 deaths every year in the United States are now wholly or in part attributed
to opioid overdose. Innumerable people have died from the indirect effects of opioids, such as
heart disease exacerbated by long-term opioid misuse, and the degradation of protective social
supports. Dual-eligible Medicare and Medicaid beneficiaries under the age of 65 (nonelderly
duals) comprise a population with serious risk factors for premature death following a nonfatal
overdose. By definition, they have disabling conditions but cannot afford their health care.
Nonelderly duals also may have beneficial relationships with health care providers as a result of
managing their comorbidities. These relationships may provide opportunities to initiate medication
for opioid use disorder outside emergency department encounters. The goal of this dissertation is
to describe the relationship between nonfatal opioid overdose, health care utilization, and 12-
month mortality in this population. | used Medicare and Medicaid claims data to examine these
associations among nonelderly duals who survived an opioid overdose between 2014-2016. Data
from 2013-2017 were used to capture health care utilization and diagnoses prior to and following
the index overdose.

Paper 1 describes the epidemiology of nonfatal opioid overdose and 12-month mortality
among nonelderly duals who overdosed in the study period. Nearly 1 in 9 nonelderly duals who
experience nonfatal opioid overdose died in the following year. Sex and some observed
comorbidities were predictive of post-overdose mortality. Medication for opioid use disorder
(MOUD) was associated with reduced mortality, but was rarely indicated in this population.
Among those who died, the average time to death was 5 months, and most beneficiaries visited
health care providers prior to death, suggesting there may be opportunities following the overdose

to prevent death.
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Paper 2 reports associations between MOUD and 12-month mortality among nonelderly
duals as assessed using propensity score methods. Associations were described for the overall
population as well as by sex and general level of health. Active MOUD at the time of the nonfatal
overdose was associated with lower rates of 12-month mortality among men and healthier
beneficiaries only. These findings underscore the importance of addressing differences in
subpopulations that may affect access to and effectiveness of MOUD.

Paper 3 describes health care utilization and its association with 12-month mortality by sex
and diagnosis of schizophrenia. Men without schizophrenia had higher mortality rates than other
groups in this study, despite having the highest rate of indicated MOUD use. Additionally, women
had more indicators of serious chronic illnesses. Emergency department visits were not associated
with death within 12 months, and inpatient visits were only associated with mortality among
beneficiaries with schizophrenia. Certain physical conditions, such as congestive heart failure,
were associated with 12-month mortality only among beneficiaries without schizophrenia,
suggesting that physical comorbidities have differential effects between groups. On average,
beneficiaries in all groups saw outpatient health care providers on 24 or more days in the year prior
to the OD. These visits to health care providers in familiar settings may provide opportunities to

initiate MOUD other than at the index overdose event.



Introduction to Dissertation

People with disabilities face unique challenges in the American health care system. They
must endure the particular stigmas associated with their conditions in addition to navigating an
administratively complex, expensive, and restrictive health insurance system. They suffer
disproportionately high levels of severe physical and mental comorbidities. Not surprisingly, they
also experience disproportionately high rates of premature mortality.

In any population, the risk of adverse health outcomes, including premature mortality, is
heightened by opioid misuse. The effects of opioid misuse among individuals with disabilities can
be catastrophic. For example, one potential side effect of opioid misuse is depressed function of
the heart muscle.! This is dangerous for all people, but more so for individuals who are disabled
by conditions such as chronic obstructive pulmonary disease, which also impairs the heart muscle.?
Alarmingly, individuals with disabilities misuse opioids more than their peers without disabilities.

Over 4 million disabled individuals under the age of 65 who are not able to afford their
health care are dually enrolled in Medicare and Medicaid each year.? Although these individuals
have relatively comprehensive health insurance, they also face unique challenges in coordinating
their complex medical care and financing between federal and state payers. These factors may
limit interactions with health care providers and increase their susceptibility to premature
mortality.* Despite this, less is known about these individuals than other Medicare and Medicaid
beneficiaries.

The government generates millions of health insurance claims for Medicare and Medicaid
beneficiaries. These claims tell stories of hospitalizations, emergency encounters, mental health
care, and day-to-day physical ailments. Of course, health insurance claims only reflect part of the

health care experience, as they cannot express patients’ subjective experiences or the needs for



which care was not sought. Nor do these data express clinical insights available through electronic
health records and related provider-generated data. Yet, despite its limitations, a large, rich,
longitudinal administrative dataset such as that provided by the Centers for Medicare and Medicaid
provides a unique opportunity to understand the health care needs of people who have complex,
multidimensional illnesses, but may be excluded from other studies.

Many premature deaths following a nonfatal opioid overdose may be prevented with proper
access to health care. Knowledge about when and where vulnerable individuals access health care,
and their health outcomes, can help social service providers better understand and advocate for the
needs of their clients. Understanding the epidemiology of health care utilization and premature
mortality among those dually enrolled Medicaid and Medicare may help physicians identify which
patients may be most in need of an intervention. This knowledge may provide key insight into the
best allocation of public health resources and points of intervention to improve health care
utilization and prevent premature death.

MEDICARE & MEDICAID

With the passage of the Social Security Amendments in 1965, the 89" United States
Congress officially committed the government to providing health insurance to a portion of the
American population. Originally, Medicare, which is designed and fully funded by the federal
government, provided hospital and medical insurance to individuals over the age of 65. The
program has expanded since 1965 to insure more people, including those under the age of 65 with
certain qualifying disabilities, and provide more benefits, such as prescription drug coverage. In
contrast, Medicaid programs are designed, implemented, and administered by each state. They are
jointly funded by the federal and state government, and as such there are general guidelines from

the federal government to which each state must adhere. Designed originally to provide health



insurance for people who receive cash assistance from the state, Medicaid now covers low-income
pregnant women, people of all ages with disabilities, and individuals who need long-term care. In
certain circumstances, people are eligible for dual Medicare and Medicaid coverage. Substance
use disorder (SUD) is not itself a qualifying disability for federal disability programs; however,
many people with SUD qualify for benefits based on other co-occurring conditions (such as serious
mental illness).

Dually Eligible Medicare & Medicaid Beneficiaries

Workers in the U.S. contribute a portion of each paycheck to Social Security Disability
Insurance (SSDI) and Medicare. Individuals under the age of 65 who have worked a specific
number of years (which is determined by age) may be eligible to receive SSDI and Medicare if
they become disabled or chronically ill and are unable to return to the work force. The amount of
SSDI a person is entitled to is determined by the amount the person has contributed to Social
Security (which reflects the number of years of employment and the wages or salary a person
earns). An individual who has not contributed (or has contributed below the qualifying amount) to
Social Security is not eligible for SSDI. There is a waiting period of 5 months after a person
becomes disabled before they are eligible for SSDI, and 24 months after that before the person is
eligible for Medicare.

Individuals who did not contribute enough to cover living expenses after becoming
disabled may be eligible for additional cash assistance through federal and state Supplemental
Security Income (SSI). In most states, this automatically qualifies an individual for Medicaid.
Individuals may also qualify for Medicaid through other pathways. They may have poverty-related
eligibility without SSI, or high medical costs, or they may require long-term services and supports

not provided by Medicare. Individuals who qualify for both Medicare and Medicaid are known as



dual-eligible beneficiaries. Each year, there are over 4 million individuals under the age of 65 who
are dually eligible for Medicare and Medicaid (nonelderly duals).

Nonelderly duals differ from the rest of the U.S. population, as well as Medicare- and
Medicaid-only beneficiaries. In 2013, nonelderly duals were 48% female and 61% white/non-
Hispanic, and 74% lived in an urban area.® At the time of the 2010 US Census, the U.S. population
was 50.8% female and 72.4% white, and 80.7% lived in an urban area.>® Nonelderly duals are
more likely not to have received a high school diploma or equivalent than the national average
(approximately 30% of nonelderly duals vs. 12% nationally in 2015%7). Compared to their
Medicare-only counterparts, nonelderly duals are younger, have more medical and behavioral
health conditions, and more likely to be of minority race/ethnicity.® The presence of disabilities
and high prevalence of serious comorbidities distinguishes nonelderly duals from their Medicaid-
only counterparts.

The government determines the extent of Medicaid assistance available to a nonelderly
dual based on their federal income and assets. Over 70% of nonelderly duals have full Medicaid
benefits, which means Medicaid pays for Medicare premiums, deductibles, coinsurance, and some
copayments for services. The federal income and countable asset limits for full dual eligibility are
extremely low: in 2017, the federal income limit varied, but was 225% or less of the federal poverty
limit for an individual, and the asset limit for a couple was $3,000.

The state may choose to only pay for Medicare services that are covered by Medicaid (e.g.,
if a substance use treatment is covered by Medicare, but not by the Medicaid program in a state,
the state may elect not to pay for the coinsurance). The state also pays for all Medicaid-covered
services that are not covered by Medicare (e.g., transportation). Facilities and providers submit

claims to Medicare and Medicaid for reimbursement. Unlike health records, which include



unbilled services and provide more detailed information about a visit, claims are generated solely
for the purpose of payment. A 2019 National Bureau of Economic Research working paper found
that medical providers were likely to report a higher-cost secondary diagnosis in the top billing
code.? For instance, Medicare does not reimburse facilities for health care-associated infections,
and as such, electronic health records have been found to provide a more credible estimate of the
prevalence of sepsis.® Medicare and Medicaid claims data should be interpreted with the
knowledge that conditions may be underreported.

The landscape of health insurance plans offered and selected by nonelderly duals has been
changing over the last decade as managed care plans have risen in popularity. Between 2013 and
2019, the proportion of beneficiaries enrolled exclusively in fee-for-service plans decreased for
both Medicare and Medicaid. Almost 80% of nonelderly duals were enrolled exclusively in fee-
for-service Medicare plans in 2013, but only 53% in 2020. Over 50% were enrolled exclusively in
fee-for-service Medicaid plans in 2013, but only 40% in 2019.31° Medicare beneficiaries with
managed care plans, which are offered through private insurers and are known as Medicare
Advantage, differ from their counterparts with traditional Medicare benefits in demographic
characteristics—for instance, a greater proportion of Medicare Advantage beneficiaries are Black
or Hispanic and are generally healthier than traditional Medicare beneficiaries.!?

OPIOID OVERDOSE

The number of opioid-involved overdose deaths rose from less than 10,000 in 1999 to
21,089 in 2010 to over 80,000 people in 2021.12 Prescription opioids and then heroin drove the
opioid epidemic in its early years. In 2015, synthetic opioids became the most common contributor
to substance overdose deaths.’® The number of overdose deaths per year involving prescription

opioids has remained between 14,000-17,000 since 2016.'? The danger of the opioid epidemic has



risen and evolved as increasingly, unknown quantities and quality fentanyl is blended with opioids
prior to misuse.
Mortality after Opioid Overdose

The possible repercussions of not providing opioid use disorder (OUD) treatment to an
individual following a nonfatal overdose are severe. Depending on the demographic and clinical
composition, between 5-9% of individuals of all ages die within 12 months of a nonfatal
overdose.'*1® A significant proportion of deaths following nonfatal opioid overdose are attributed
to fatal overdoses. As could be expected, research has shown that nonfatal opioid overdoses are
predictive of fatal overdoses.”*8 It has been reported that people who were treated in an emergency
department for an opioid overdose died of a subsequent overdose at a rate 100 times that of a
demographically matched population.®

It is possible that the number of subsequent fatal overdoses is underreported because the
specific drugs leading to death may be missing even when an overdose is identified.?’ Additionally,
long-term opioid misuse impairs many vital systems, and indirectly leads to many deaths through
immediate mechanisms other than overdose. Studies in which researchers distinguished between
subsequent overdose deaths and all-cause mortality report a wide range of opioid deaths; the
proportion of post-overdose deaths that are designated as related to opioids range from one-third
to almost three-quarters of deaths.'® Regardless, although caution must be applied in interpreting
the cause of death, the fact that the underlying cause of overdose death cannot always be
unequivocally determined does not negate the high post-overdose mortality rates. Motivation, also,
cannot usually be determined easily: overdose may reflect bad quality of drugs, lack of experience,

or suicidal intentions, among other issues.



Opioid mortality outcomes vary by gender and psychiatric disorders. Men have
consistently had more overdose deaths than women, and overdose deaths among men have
increased at a higher rate in the past decade than among women.*? Male sex has consistently been
found to be associated with drug overdose deaths after accounting for other factors.'?22 There is
a need for sex-specific analyses, as predictors for opioid overdose and mortality differ by gender.
Researchers have found that women with OUD were more likely than men with OUD to have 2 or
more psychiatric disorders (depression, bipolar disorder, anxiety, post-traumatic stress disorder, or
panic disorder) and men were more likely to have polysubstance use, including alcohol, cannabis,
and cocaine use.?® The same study found comparable rates of sedative use disorder between men
and women, but when other authors analyzed post-overdose mortality, they found that women with
comorbid sedative diagnoses had higher risk of subsequent fatal overdose than men.?! Regardless
of gender, diagnoses of psychiatric disorders are associated with higher rates of fatal opioid
overdoses compared with those without disorders.?224
Opioid Overdose among Medicare & Medicaid Beneficiaries

Medicare and Medicaid beneficiaries comprise a significant proportion of opioid overdoses
that result in an emergency department visit or hospitalization. Medicare is the primary payer for
39% of all opioid overdoses that result in hospitalization, and 11% of opioid overdoses that result
in emergency department visits.®> The prevalence of overdose is particularly high among
nonelderly individuals. Medicare-disability beneficiaries account for as much as 24.5% of opioid
overdose hospitalizations among those under 65 in the U.S.?°

This pattern may reflect the high use of prescription opioids among Medicare beneficiaries.
Those who misuse opioids often begin their trajectory into misuse through legitimate prescriptions.

In the general U.S. population, as many as 58% of those who misuse prescription opioids use their



own prescribed opioids, and cite pain relief as the most common reason for misuse.?® Individuals
with disabilities, regardless of insurance status, may be particularly vulnerable to addiction when
they have conditions that generate chronic pain. In one study on nonelderly Medicare
beneficiaries, nearly 6 times as many individuals with a diagnosed substance use disorder (SUD)
had comorbidities related to pain than their matched controls.?” In another study pertinent to the
study period, more than 50% of heroin and fentanyl deaths had an opioid prescription within 3
months of death.?®

Medicaid beneficiaries also experience high rates of opioid use and overdose. Haider et
al.,?® using data from the National Survey on Drug Use and Health, found that Medicaid
beneficiaries had 5 times the odds of reporting OUD compared to those with private insurance.
Medicaid is the primary payer for 30% of all opioid overdoses that result in hospitalization, and
41% of emergency department visits for opioid overdoses.”® Medicaid beneficiaries are
disproportionately out of the labor force, and have low incomes and educational attainment, which
are common risk factors for opioid use disorder.

There is limited research that focuses on opioid misuse among duals specifically. Opioid
misuse is the use of an opioid medication or street drug for non-medical purposes or for purposes
other than those indicated by a prescribing health care provider. In a study of opioid use among
nonelderly Medicare beneficiaries, researchers found that 74% of opioid users were duals, but this
was reported as a demographic characteristic, not a point of analysis.> In a study of nonelderly
Medicare beneficiaries and opioid overdose deaths, although duals comprised 58% of the study
population who died, dual status was not associated with opioid overdose deaths after adjustment
for other risk factors.3! Statistically controlling for dual status, rather than allowing for the

population-specific protective and risk factors, may result in overly generalized conclusions about



duals. Other studies exclude duals from their analyses of opioid use disorder. This has occurred
because the authors could not capture their complete medication use,*? the study population was
too small,® the authors did not have disability information,® or no reason was given.®% The
characteristics that set duals apart from Medicare- and Medicaid-only beneficiaries (namely, the
unique combination of physical comorbidities and socioeconomic risk factors) may mean they
need targeted interventions specific to their needs.
Medication for Opioid Use Disorder

Medication for opioid use disorder (MOUD: methadone, buprenorphine, and naltrexone)
is considered to be the standard of care for treating opioid use disorder. Methadone and
buprenorphine have both been found to be associated with lower hazards all-cause and opioid-
related mortality.®” A meta-analysis found that all-cause mortality and overdose mortality were
2.56 times and 8.10 times higher, respectively, among untreated individuals with OUD compared
to those receiving MOUD.*® Psychosocial treatment options, e.g., rehabilitation centers, do not
address the physical dependence aspect of opioid use disorders, and consequently, are not
recommended without accompanying MOUD. Access to MOUD, despite its acceptance in medical
literature, is limited among individuals with OUD.

Receipt of MOUD following a nonfatal opioid overdose remains rare: one study reported
a peak buprenorphine rate of 3% in the 12 months following the overdose.®® Disconcertingly,
although outpatient buprenorphine prescriptions have increased in the last decade, Hispanic,
Medicaid-beneficiaries, those with co-occurring psychiatric conditions, or substance use disorders
are less likely to obtain MOUD prescriptions.* Risk of discontinuation also looms large: If
terminated too early, MOUD can be dangerous because substance tolerance decreases over the

course of treatment. Longer duration of buprenorphine treatment has been found to be associated



with fewer deaths, and Medicaid beneficiaries retained on buprenorphine for 15-18 months have
been found to have lower odds of emergency department visits, inpatient hospitalizations, and
filling opioid prescriptions in the 6 months following discontinuation than those retained on
buprenorphine for 6-9 months.** However, other authors found that individuals whose treatment
involved MOUD were more likely to die during treatment than those without MOUD, possibly
because of decreased client engagement and supervision.* It is criterial to continue psychosocial
services in conjunction with MOUD.

Treatment in the form of MOUD and psychosocial measures has disparate delivery by sex
and mental health status. In a national study, it was found that less than 40% of those with a dual
mental health diagnosis received MOUD.* A significant proportion of individuals with serious
mental illness and opioid use disorder do not receive mental health or substance use disorder
treatment; they have reported affordability, access, stigma, and a lack of readiness to stop using as
barriers to seeking care.** There are mixed reports on the engagement of women with SUD
treatment services. One study found that women are less likely to enter substance use treatment
services, citing mental health, perceiving stigma, family responsibilities, and relational factors as
barriers to treatment.*® Other authors have found that women wait more days before initiating
OUD treatment, but stayed in treatment longer than men.*647

Policies around SUD treatment and MOUD specifically are quickly changing in the U.S.
It is important to study the baseline of opioid overdose and treatment among nonelderly duals in
the 2010s to evaluate the policies of the 2020s.

Medicare & Medicaid Opioid Treatment Policy
Medicare and Medicaid have implemented several policies aimed at the opioid epidemic

over the years. Medicare is the first payer of health services. Medicaid substance use treatment
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wraps around Medicare—it covers services not offered by Medicare and also pays coinsurance
charges. Medicare has covered buprenorphine and naltrexone since prior to the years of this study
(2014-2016) in office-based settings. Medicare did not cover opioid treatment programs (OTPS)
during the study years. Crucially, OTPs are the only outpatient settings in which methadone can
be administered, and, although required in OTPs, behavioral therapy is not required when
medication is provided in office-based settings. The U.S. Food & Drug Administration (FDA)
recommends all 3 medications be available as treatment options for individuals with OUD, as
individuals have different needs and reactions to medications.*®

The Affordable Care Act (ACA) of 2010 directed that states with expanded Medicaid
programs had to offer alternative benefit plans that had addiction treatment benefits that were no
more restrictive than those placed on other medical services. Standard Medicaid plans, i.e., those
available to nonelderly duals, did not have to comply by these regulations. However, even without
this requirement, the number of state Medicaid plans that covered methadone increased from 33
states in 2014 to 40 states in 2017.%° The percent of standard plans with utilization controls, such
as preauthorization requirements and annual limits, on addiction treatment services and MOUD
decreased over this period.

There are additional logistical barriers to accessing MOUD. The presence of an adequate
number of providers and facilities in an area affects how many people can access MOUD. While
two-thirds of eligible outpatient buprenorphine prescribers for Medicare beneficiaries were family
medicine and internal medicine practitioners, they constituted the lowest proportion of active
buprenorphine prescribers.>® As an additional barrier to treatment, not all substance use treatment
facilities that deliver MOUD accept Medicaid. In 2016, MOUD was available at about 40% of

outpatient substance use treatment facilities that accepted Medicaid or Medicare.® The geographic
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distribution of facilities is not always reflective of need. Some states, such as Kentucky and New
Mexico, have higher opioid overdose death rates and fewer facilities that offer MOUD relative to
other states.>* Nationally, about 40% of U.S. counties do not have an outpatient SUD facility that
accepts Medicaid and can deliver MOUD.
HEALTH CARE UTILIZATION

Individuals with OUD are at high risk of emergency department visits and hospital
readmissions.>*>* Cardiovascular, respiratory, and liver diseases are often direct effects of opioid
use, and ailments such as skin and soft tissue infections are common among those who inject
heroin. Individuals with OUD may avoid health services because of prior experiences with stigma
from providers and fear of withdrawal symptoms.> Exacerbating the situation, the most frequent
users of emergency departments have been found to have nonadherence to essential chronic
medications, particularly among those with more than 4 opioid medication fills in the previous 6
months, more unique prescribers, and younger individuals.*®

SMI is acommon comorbidity to OUD. There is mixed evidence about whether individuals
with SMI have higher health utilization rates. One population survey found that 21% of individuals
with SMI and SUD did not receive any behavioral health treatment.** Care for physical
comorbidities may also be low: It has also been found that individuals with SMI are less likely to
be up to date on cardiovascular preventive care.’” This may be related to the fact that some
physicians believe that patients with mental illnesses care less about preventive care than the
general population, or that these patients are less likely to adhere to recommendations for care.>®
Others have found that patients with serious mental illness receive preventive care at rates at least
equal to those without mental illness, possibly because metabolic screenings are recommended for

patients taking antipsychotics.>® Although studies have tried to create a comprehensive picture of
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health care utilization among individuals with SMI, this goal may not be feasible, and moreover,
may obscure different needs of subpopulations.
Health Care Utilization among Medicare and Medicaid Beneficiaries

Medicare and Medicaid beneficiaries with OUD and SMI may have different utilization
patterns than people with private insurance. Burns et al. (2016)%° found that individuals with
serious mental illness and substance use disorder used health care services more after they
transitioned from Medicaid-only to dual status. Service utilization did not only increase in areas
specifically related to their substance use or mental illness; they also sought more outpatient care
services for other conditions. This is likely related to their high number of comorbidities: It has
been estimated that nearly 80% of duals with behavioral disorders have 4 or more comorbid
conditions.5!

Hospitalizations are more common among duals under 65 with mental disorders than those
without mental disorders. One study found that in a given year, 25% of duals under 65 with a
mental disorder were hospitalized, compared with 14% of duals under 65 without a mental
disorder.5? Many of these hospitalizations are for causes unrelated to their mental illness, including
those that reflect other severe health conditions that are not being effectively managed.

Having dual eligibility status may improve health outcomes among individuals with SMI
who use substances compared to those with a single source of benefits. Medicare typically provides
higher reimbursements than Medicaid, and is accepted by significantly more physicians.®
However, Medicaid covers vital services excluded in Medicare, such as case management,
residential care, and psychosocial rehabilitation services. Thus, individuals with SMI who use
substances who are eligible for dual benefits may be more likely to have their diverse needs met.

SOCIAL WORK SIGNIFICANCE
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Understanding the social factors that influence OUD, health care utilization, and mortality
is important to the social workers who provide care beyond the office of a physician. Social
workers play a unique and important role in the fight against the opioid epidemic in the U.S. Unlike
other stakeholders, who may only be physically present in one place (e.g., a physician or
paramedic) or not at all (e.g., policymakers), social workers work with their clients in multiple
settings, including hospitals, mental health clinics, rehabilitation centers, and community outreach
centers. Such is their importance that the National Association of Social Workers (NASW)
published standards to define the scope of services that social workers provide to clients with
substance use disorders and their families in 2013. More recently, Substance Abuse and Mental
Health Services Administration (SAMHSA) awarded the Council on Social Work Education
(CSWE) a $500,000 grant to create a high-quality, standardized SUD curriculum. The Practitioner
Education in Substance Use and Misuse: Competency-Based Resources®® guide that resulted from
this grant provides a pilot social work curriculum that integrates substance use and misuse content.
In addition to their general social work training, social workers can undergo additional training to
become a Certified Clinical Alcohol, Tobacco & Other Drugs Social Worker.

The factors that directly cause premature mortality are easy enough to detect in a clinical
setting: a person with liver disease, for instance, is an easily identified focus for interventions that
aim to manage SUD. However, flagging individuals who have comorbidities that are directly
associated with mortality may overlook individuals at high risk of death based on other factors.
Creating predictive instead of causal statistical models is one way to overcome this limitation.
Predictive models, particularly those that include variables beyond the presence of a disease and
its severity, allow for the identification of risk factors and noncausal correlates that may be

otherwise overlooked in a clinical setting focused on causal determinants.

14



Nonelderly duals, who by definition are low-income individuals with complex medical
needs, suffer disproportionately high levels of adverse health outcomes. Social theories, such as
fundamental cause theory and life course theory, may provide valuable insight to social workers
who strive to understand and address factors that influence wellbeing beyond treatment for
physical comorbidities.

Fundamental Cause Theory

Fundamental cause theory suggests that socioeconomic status (SES) causes multiple
disease outcomes via several direct and indirect mechanisms.® Once ill, high SES individuals have
greater access to resources that are associated with better health outcomes than their lower SES
counterparts. For instance, powerful social connections may link people to the most proficient
doctors. High SES individuals are more likely to have the money to afford expensive treatment.
Access to treatment is also based on the physical location and number of providers, as well as
whether a person has the transportation required to see the provider. These are key factors in a
person’s health outcomes. Regardless of an individual’s physical susceptibility to an illness, if she
is not able to coordinate her health care needs with an appropriate provider in a timely fashion, she
will likely suffer poor health outcomes. Her ability to coordinate her care with a provider is greatly
influenced by her financial status.

Medicare is accepted by almost all providers in the U.S., but Medicaid, which offers lower
reimbursement rates, is accepted by significantly fewer providers. In an attempt to boost the
number of providers who accept Medicaid, the ACA required states to raise Medicaid payment
rates for some services. Yet even after the payment bump, Medicaid acceptance remains low.%’
Medicare is the primary payer for services provided to nonelderly duals—Dbut this only pertains to

services that Medicare covers. Nonelderly duals often require services not covered by Medicare,
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such as long-term services and supports, and in these instances, are limited to providers that accept
Medicaid. There are downstream effects of disparate access to care. Adverse health outcomes
(such as higher rates of intensive care unit admission and later post-surgery mobilization) in
specialty care are more common among Medicaid patients than their privately insured peers, even
after controlling for clinical and sociodemographic factors.5®

There is a psychological component to health care that disproportionately affects low SES
patients. Patients on Medicaid may be less likely to advocate for themselves or their children, in
part based on how their physician treats them. Providers may not value the communication style
patients used by patients of low SES status, or believe the patient is serious or educated about
treating her condition.®® Consequently, patients may not adhere to treatment recommendations, or
even may terminate care prematurely. This may perpetuate a physician’s attitudes toward low-
income patients; some physicians even refuse to see patients with substance use disorders based
on their negative stereotypes.’”® The relationship between the provider and the patient is just as
important in social work practice. In a systematic review, Marsh et al. (2012)"* found a robust
association between the client-provider relationship and retention in substance misuse and mental
health treatment.
Life Course Theory

According to life course theory, the developmental antecedents and consequences of life
transitions, events, and behavior patterns vary according to timing in a life course.”® Qualifying
disabilities have a range in onset, progression, and severity. For instance, individuals may become
incapacitated if they experience a spinal injury that results in paralysis—an event that may occur
at any point in the life course from infancy on. Other qualifying conditions, such as schizophrenia

or depressive disorder, may only reach a point where they are considered functionally debilitating
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after several years, but may have begun in while an individual was in her 20s. At the other end of
the spectrum, diagnoses such as early-onset Alzheimer’s disease are more likely to occur when an
individual is closer to retirement age. The timing of onset may affect the psychological component
of being disabled. Individuals who leave the work force later may experience a loss of identity that
formed over the course of a career. On the other hand, a person who becomes disabled later in life
may have a partner who provides emotional support, as well as logistical support in tasks like
setting and getting to appointments. The social networks that a person has earlier in life may be
drastically different than those later in life

Duals who were Medicaid beneficiaries, whether in childhood or as adults, prior to
disability may have different qualifying disabling conditions. This could in part be due to the
disparate effects of financial strains at different times of life. Individuals who do not report
childhood financial strain but strain in adulthood are more likely to be disabled than those who do
not report financial strain at any time.”® Disabling conditions may be associated with specific types
of events in childhood. Conditions associated with chronic pain, for instance, have been found to
be correlated to adverse childhood events, such as being institutionalized as a child.”

Life course theory provides a framework to understanding how physical comorbidities may
lead to mental comorbidities. Many of the qualifying conditions for early Medicare generate
chronic pain, which is commonly associated with depression. The number of chronic conditions
an individual has is highly correlated to dramatically increased odds of major depression.
Individuals with one chronic medical condition have over twice the odds of experiencing major
depression compared to those without any chronic conditions; those with 3 or more chronic
medical conditions have over 6 times the odds.” This may be key to understanding both substance

use and health care utilization, as one’s mental state may affect whether they seek and maintain
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vital health care. Life course theory brings to prominence the importance of the timing and duration
of physical and mental disorders, Medicare eligibility, and OUD.

DISSERTATION OVERVIEW

This dissertation seeks to describe the impact of nonfatal opioid overdoses on nonelderly
duals and explore health services use prior to and following a nonfatal overdose. The predictive
models in this dissertation used variables to explore risk factors and correlates beyond clinical
diagnoses. Specifically informed by fundamental cause theory, I included variables that reflect the
socioeconomic status of each beneficiary at a zip-code level. As states vary in the availability of
services, demographic characteristics, and the prevalence of OUD, I theorized that geographic
location may be an important variable in these analyses. Fundamental cause theory would suggest
that a person who lives in a low SES zip code and in a state with fewer providers would be more
likely to die in the months following a nonfatal OD.

Life course theory also was incorporated in this dissertation through the inclusion of
variables reflecting the timing of comorbidities and Medicare eligibility. Although the Medicare
data available indicated solely when the beneficiary became eligible for Medicare based on his or
her own disability, and did not reflect the physical or mental health of the person prior to Medicare
eligibility, this was a realistic estimate for the onset of severe disability. The health care utilization
analysis in this dissertation considered the duration of Medicare coverage as well as the duration
of diagnosed OUD and other conditions.

Paper 1 of this dissertation is a descriptive study of nonelderly duals who survived a
nonfatal opioid overdose between 2014-2016. This paper assessed the association between
physical and mental comorbidities and 12-month mortality. It provides predicted probabilities for
mortality based on age group and comorbidity to distinguish the effect of overdose on mortality.

Finally, this paper explored causes of death among those who died within 12 months of nonfatal
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overdose, and described characteristics of those indicated to have died from fatal opioid overdoses
and those indicated to have died from other causes.

Paper 2 is a quasi-experimental analysis using propensity score methods to assess the
association between MOUD and 12-month mortality following a nonfatal opioid overdose.
Nonelderly duals were stratified by sex and general level of health.

Paper 3 of this dissertation is a comprehensive exploration of health services utilization in
the 12 months prior to and following a nonfatal opioid overdose, stratified by sex and the presence
of schizophrenia. This paper describes inpatient and outpatient health care utilization behaviors of
nonelderly duals in this study cohort prior to and following nonfatal overdose. | used predicted
probabilities and logistic regression to assess the association between health care utilization and
mortality.

These analyses are pertinent to social workers because nonelderly duals likely have
different risk factors for mortality and patterns of utilization than their peers with other types of
insurance or who are uninsured. Furthermore, nonelderly duals may be accessing health care
services for their disabilities at primary care offices. Many substance use disorder interventions
are placed in emergency departments and treatment facilities, but this study may reveal other
locations that may be appropriate delivery sites for interventions. This information will help social
workers develop targeted interventions for nonelderly duals at high risk of fatal overdose and other
adverse outcomes.

These analyses are relevant to public health professionals and clinicians because the opioid
epidemic is still accelerating in the US. There are over 4 million nonelderly duals and they are a
high-risk but understudied population, with existing relationships to health care providers who

may be able to modify risk factors to improve health outcomes.
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Finally, these analyses are important to policymakers. Nonelderly duals are entirely
dependent on Medicare and Medicaid for their health care. It is well-known that they have poorer
health outcomes than their Medicare- and Medicaid-only peers, but the government spends more
on their care. Understanding nonelderly duals as a distinct population, and not statistically
controlling for dual status in studies, may provide vital information on improving access to

preventive health care services, thus reducing expensive and dangerous emergency care.
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Paper 1. 12-Month Mortality among Nonelderly Duals Following Nonfatal Opioid
Overdose

ABSTRACT

Objectives. To describe the epidemiology of nonfatal opioid overdose among dually enrolled
Medicare & Medicaid beneficiaries under age 65 (nonelderly duals), and to examine associations
with 12-month post-overdose mortality.

Methods. This retrospective observational study uses 100% nationwide Medicare claims data to
identify nonelderly duals who survived an opioid overdose between 2014-2016, and to examine
associations between beneficiary characteristics and 12-month mortality from subsequent fatal
overdose and other causes.

Results. A total of 1,561 (10.8%) of nonelderly duals who survived an opioid overdose died within
12 months. Associations with 12-month mortality included heroin involvement in the index
overdose (aOR =1.25; 95% CI = 1.07, 1.47), chronic pain (aOR = 1.23; 95% CI = 1.05,1.44), and
male sex (aOR = 1.28; 95% CI = 1.13,1.45). Medication for opioid use disorder (MOUD) was
associated with reduced mortality (aOR = 0.75; 95% CI = 0.62, 0.90), but was rarely indicated in
this population.

Conclusions. Nearly 1 in 9 nonelderly duals who experience opioid overdose died in the following
year. Sex and some observed comorbidities were predictive of post-overdose mortality.

Policy implications. Increased MOUD engagement and post-overdose interventions that serve
this high-risk population are important priorities to address the opioid overdose epidemic.
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INTRODUCTION

More than 4 million Americans under the age of 65 are dually eligible for Medicare and
Medicaid (nonelderly duals).® Dual eligibility hinges on fulfilling standards for each program.
Most nonelderly duals qualify for Medicare because they are disabled (many with conditions that
induce chronic pain) and for Medicaid because they are low income. An important subpopulation
of nonelderly duals faces synergistic risks for opioid overdose (OD) and premature death. Many
studies have found that opioid OD and premature death are higher among Medicare beneficiaries
under 65, as well as Medicaid beneficiaries, than in the general population.?>3%767" However, dual
status was not included as a characteristic in many of these studies.?*3*% In the notable exceptions
that specifically identified nonelderly duals, the unique characteristics of this population were not
the focus.3>337" Nonelderly duals differ significantly from their Medicare- and Medicaid-only
peers. Most Medicaid-only beneficiaries are not disabled, and compared with their Medicare-only
peers, nonelderly duals are more racially diverse (57% vs. 84% White), have fewer years of
education (65% vs. 43% with no more than a high school degree), and live below the poverty line.®

Rates of fatal overdose and deaths from other causes are elevated in the 12 months
following a nonfatal opioid OD among nonelderly Medicaid beneficiaries and the general
public.1#16.6 Opioid OD deaths are also likely underreported. Medical examiners and coroners
often fail to identify specific substances involved in an overdose.? Causes of death among
individuals with substance use disorders (SUD) can be difficult to disentangle, as prolonged opioid
misuse can damage multiple body systems. In identifying opportunities for clinical or public health
intervention, prior overdose may thus be a marker in conjunction with other chronic risk factors

and immediate vulnerabilities.
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This study seeks to describe mortality patterns and causes of death among nonelderly duals
in the 12 months following nonfatal opioid OD. Nonelderly duals who experience nonfatal opioid
OD may be uniquely positioned for focused intervention. They have rather comprehensive public
health insurance coverage. Most experience comorbidities that occasion regular contact with
health care providers. Knowledge about the scope of the epidemic in this population, as well as
regarding risk factors and comorbidities associated with subsequent mortality, may provide life-
saving information for health care and social service providers, and for public policymakers.
METHODS

Use of these data was approved by the Centers for Medicare and Medicaid Services. The
University of Chicago Institutional Review Board determined this research was exempt from
informed consent.

Data Sources

| used 2014-2016 100% nationwide Medicare claims data to identify eligible overdose
events and diagnoses, and describe demographic characteristics of the study population at the time
of the overdose. The Medicare Provider Analysis and Review (MedPAR) file and outpatient claims
files were used to identify opioid overdoses and other health care utilization. The Master
Beneficiary Summary File (MBSF) and its chronic conditions and other chronic conditions
supplements were used to determine eligibility. The National Death Index supplement to the
MBSF provided cause of death information of beneficiaries who died in 2015 and 2016.

MedPAR, outpatient, and MBSF data from 2013 and 2017 were used to describe 6-month
eligibility and health care utilization for overdoses that occurred before July 1, 2014, and 12-month

follow-up for overdoses that occurred after January 1, 2016.

23



Local availability of selected medications for opioid use disorder (MOUD) was
approximated by the Automation of Reports and Consolidated Orders System (ARCOS) Retail
Drug Summary Reports for 2014-2016. These annual Drug Enforcement Administration reports
disclose the amount of buprenorphine distributed to geographic locations at a 3-digit zip code
level.’

The U.S. Department of Agriculture rural-urban continuum codes were used to categorize
the county of residence as metro or non-metro.”

Study Population

| used the 2014-2016 MBSF to select Medicare beneficiaries ages 21-64. | identified
nonfatal opioid OD among these beneficiaries using MedPAR and outpatient claims files. Codes
to capture nonfatal opioid OD prior to October 1, 2015, were drawn from the International
Statistical Classification of Diseases and Related Health Problems, Ninth Revision, Clinical
Modification (ICD-9-CM): codes 965.00-965.02, 965.09, E85.00-E85.02, and E93.50-E93.52.
CMS switched to ICD-10-CM on October 1, 2015. Thus, ICD-10-CM codes T40.0-T40.4, and
T40.6 were used to identify nonfatal opioid OD on or after this date. These overdose codes include
poisonings from opiates and related narcotics, heroin, and methadone. The study index event was
the discharge date of the first nonfatal opioid OD that occurred in the study period.

| used the MBSF and its supplements to identify eligible nonelderly duals. Inclusion criteria
included: 1) Fee-for-service, full dual coverage, with no HMO coverage, with continuous full dual
status for at least 6 months prior to and 12 months following the index OD (or until death) and 2)
originally entitled to Medicare because of a disability. Exclusion criteria included: 1) diagnosis of

end-stage renal disease; 2) cancer diagnosis in the year of the opioid OD; 3) residence outside the
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United States at time of opioid OD; 4) death at the health care facility during the overdose event
or on the day of the event.

Finally, I created a comparison population of beneficiaries who fulfilled all study criteria
on January 1, 2015, but did not overdose during the study period. Twelve-month mortality for
these beneficiaries was determined as death during the 2015 calendar year.

Variables

My primary study outcomes were 12-month mortality and fatal opioid OD. ICD-10-CM
causes of death were provided in the NDI supplement to the MBSF. Opioid overdose deaths were
identified those coded X40-X44, X60-X64, X85, or Y10-Y14, in conjunction with T40.0-T40.4,
or T40.6, as immediate causes of death.

Fundamental cause theory and life course theory contributed to the conceptualization of
other potentially significant risk and protective factors. Fundamental cause theory suggests that
socioeconomic status (SES) causes multiple disease outcomes via several direct and indirect
mechanisms theories. According to life course theory, the timing of life transitions and events
affects outcomes. The MBSF was used to extract characteristics related to these theories.
Beneficiaries were classified by race/ethnicity (Hispanic, Black or African American, non-
Hispanic White, Other), sex, age, and years under disability insurance. These characteristics have
been found to be associated with poor access to substance use disorder treatment facilities and
poor health outcomes.3%:527480

The MBSF and its supplements were used to identify the presence of chronic conditions as
defined by the Chronic Conditions Data Warehouse (CCW). In the CCW definition, beneficiaries
with claims for buprenorphine, naltrexone, or methadone within the previous 2 years are flagged

as having utilized MOUD.
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Overdose variables were determined using the Outpatient and MedPAR files: number of
opioid ODs in 6 months prior to index opioid OD; heroin involvement in the index event; facility
type (inpatient vs. outpatient); and discharge status (transferred to different department or facility;
discharged to home; other discharge).

| used van Walraven weighted Elixhauser scores to indicate overall health status, with
higher scores indicating greater comorbidity.3! Scores were determined using the ICD-9-CM or
ICD-10-CM codes present on the index opioid OD claim and all inpatient and outpatient facility
claims in the 180 days prior to the index opioid OD. ICD-9-CM codes were used for utilization
prior to October 1, 2015, and ICD-10-CM codes thereafter.

Health care utilization was measured by 1) continuously, by the number of discharge days
on which the beneficiary saw a health care provider (inpatient or outpatient), and 2) categorically
by grouping the number of claims into groups of 0, 1-4, or 5 or more.

Geographic variables included the amount of buprenorphine delivered to the geographic
region (measured continuously); rural or urban county (using the rural-urban continuum codes);
state, and U.S. census region (identified in the MBSF).

Statistical Analysis

| calculated descriptive statistics for 12-month mortality following the index OD. Pearson's
Chi-squared Test and Student's t-Test were used to assess associations between the mortality
outcome and each characteristic and comorbidity.

Given the large study cohort, statistically significant differences in means and associations
may not be clinically meaningful. I thus estimated predicted probabilities for 12-month mortality
to examine associations between comorbidities common among individuals with opioid OD (e.g.,

chronic kidney disease) and mortality. | assigned beneficiaries mean characteristics except for the
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comorbidity in question, and assessed 12-month mortality for nonelderly duals with these
comorbidities across age groups within the cohort.

| used logistic regression to describe associations between beneficiary characteristics and
12-month mortality. Fixed and random effects of state were assessed. Descriptive statistics for
nonelderly duals whose death certificates indicated subsequent fatal opioid OD were compared to
those whose death certificates indicated all other causes. Finally, | conducted a secondary analysis
allowing for clustered standard errors to account for the effect of living in each state. | compared
this to a fixed effects model that included all states. Six states (Delaware, Hawaii, Montana, North
Dakota, South Dakota, and Wyoming) and the District of Columbia each had fewer than 50
beneficiaries who fulfilled my study criteria; these states were grouped together as one state for
the analysis.

Analyses were conducted in the R programming language version 4.1.1.
RESULTS

The opioid overdose cohort comprised 14,469 nonelderly duals who survived an opioid
OD that was reported on a 2014-2016 MedPAR or outpatient claim. A flow diagram of the creation
of the study cohort is available in Appendix 1 (Figure Al.1). 10.8% (n=1,561) died within 12
months of hospital or outpatient facility discharge. Of these beneficiaries, National Death Index
were available for the 1,006 beneficiaries who died between 2015-2016. Opioid ODs were
indicated as the primary cause of death for 21.8% (n=219) of these beneficiaries. A total of
1,839,920 nonelderly duals fulfilled the study criteria in 2015 and did not fulfill the overdose
population criteria. Among these comparison beneficiaries, 1.9% died in 2015. This group was

used to describe overall mortality and the prevalence of comorbidities among nonelderly duals. A
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table comparing deceased nonelderly duals who overdosed with their deceased peers who did not
overdose is available in Appendix 2 (Table A2.1).
Risk Factors for 12-Month Mortality after Nonfatal Opioid Overdose

Table 1 describes characteristics and comorbidities of survivors and those who died within
12 months following nonfatal opioid OD (summary table in text; a complete version can be found
in Appendix 2, Table A2.2). On average, those who died within 12 months were older (51.1 vs
48.0 years) and less likely to have heroin indicated on the index overdose claim (21.3% vs. 23.5%).
Only 10.4% of nonelderly duals who died following opioid OD had MOUD indicated within the

preceding 2 years, compared with 14.2% of the survivors.

Table 1. Characteristics and Comorbidities of Nonelderly Dual Beneficiaries Who Survived an
Opioid Overdose

Age (years), Mean (SD) 48.0 (10.5) 51.1 (9.80) <0.001
Male sex, No. (%) 5209 (40.4) 727 (46.6) <0.001
Race, No. (%)
Non-Hispanic White 9799 (75.9) 1211 (77.6) 0.48
Black or African American 1666 (12.9) 182 (11.7)
Hispanic 1019 (7.9) 120 (7.7)
Other 424 (3.3) 48 (3.1)
Census region, No. (%0)
Midwest 3241 (25.1) 389 (24.9) 0.02
Northeast 3833 (29.7) 414 (26.5)
South 3421 (26.5) 465 (29.8)
West 2413 (18.7) 293 (18.8)
Number of opioid overdoses in
previous 6 m%nths, Mean (SD) UL SB (0] 0.01
Index overdose involved heroin,
No. (%6) 3038 (23.5) 332 (21.3) 0.05
Elixhauser score >= 0, No. (%) 9214 (71.4) 1219 (78.1) <0.001
Days with claims (before OD), 7.37 (7.59) 8.46 (8.16) <0.001

Mean (SD)
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One or more inpatient claims prior
to OD, No. (%)
One or more outpatient claims
prior to OD, No. (%)
Substance use diagnoses, No. (%0)
Alcohol use disorder
Drug use disorder
Medication for Opioid Use Disorder
(MOUD)
Opioid use diagnosis or procedure
Opioid use emergency department or
hospitalization
Tobacco use disorders
Mental Health Diagnoses, No. (%)
Attention Deficit Hyperactivity
Disorder (ADHD) and other conduct
disorders
Anxiety
Bipolar
Depression
Personality disorders
Post-traumatic stress disorder
Schizophrenia and other psychotic
disorders
Pain Diagnoses, No. (%)
Fibromyalgia, chronic pain, fatigue
Migraine
Chronic Conditions, No. (%)
Acute myocardial infarction
Atrial fibrillation
Chronic kidney disease
Chronic Obstructive Pulmonary
Disease (COPD)
Congestive heart failure
Human Immunodeficiency
Virus/Acquired Immunodeficiency
Syndrome (HIV/AIDS)
Hypertension
Ischemic heart disease
Liver disease
Rheumatoid arthritis / osteoarthritis
Viral hepatitis

5397 (41.8)

11414 (88.4)

3903 (30.2)
11009 (85.3)

1839 (14.2)
10154 (78.7)
12565 (97.3)
9131 (70.7)

1651 (12.8)

9765 (75.7)
5983 (46.4)
10420 (80.7)
2206 (17.1)
2806 (21.7)

3542 (27.4)

9539 (73.9)
2568 (19.9)

177 (1.4)
359 (2.8)
4358 (33.8)

4568 (35.4)
2514 (19.5)

399 (3.1)

7687 (59.6)
3701 (28.7)
1977 (15.3)
6634 (51.4)
2959 (22.9)

29

932 (59.7)

1410 (90.3)

509 (32.6)
1415 (90.6)

163 (10.4)
1368 (87.6)
NA!
1169 (74.9)

132 (8.5)

1205 (77.2)
696 (44.6)
1279 (81.9)
239 (15.3)
261 (16.7)

454 (29.1)

1272 (81.5)
253 (16.2)

54 (3.5)
79 (5.1)
825 (52.9)

812 (52.0)
578 (37.0)

76 (4.9)

1080 (69.2)
689 (44.1)
423 (27.1)
809 (51.8)
464 (29.7)

<0.001

0.05

0.06
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

0.19
0.20
0.27
0.08
<0.001

0.18

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001

<0.001

<0.001
<0.001
<0.001
0.77
<0.001



Other Developmental Delays

Cystic fibrosis and other mgtabollc 286 (2.2) 71 (4.5) <0.001
developmental disorders

1 Cells with values less than 11 suppressed in accordance with CMS policy to protect
confidentiality of beneficiaries.

Those who died following nonfatal opioid OD displayed higher comorbidity, reflected in
higher prevalence of Elixhauser scores over 1 (78.1% vs. 71.4%). Several serious comorbidities
were more common among those who died, including chronic kidney disease (52.9% vs. 33.8%),
chronic obstructive pulmonary disease (COPD; 52.0% vs. 35.4%), and congestive heart failure
(37.0% vs. 19.5%). Over half of the beneficiaries who overdosed, regardless of mortality outcome,
had 5 or more outpatient facility claims in the 6 months prior to the index opioid OD. A greater
proportion of those who died had at least 1 inpatient claim prior to index opioid OD (59.7% vs.
41.8%). Yet in the 6 months prior to index overdose, most beneficiaries saw health care providers
in either setting between 7-8 times prior to opioid OD.

Among nonelderly duals with atrial fibrillation, chronic kidney disease, congestive heart
failure, COPD, hypertension, ischemic heart disease, liver disease, and stroke, those who had
survived opioid OD had markedly higher 12-month mortality than those who did not overdose
(Figure 1). Among nonelderly duals assigned mean characteristics, the predicted probabilities for
12-month mortality for beneficiaries who survived an opioid OD ranged from almost 4 times
higher (60-64-year-olds with congestive heart failure; 14% vs. 4%) to over 9 times higher than
those who did not overdose (30-39-year-olds with liver disease, chronic kidney disease, or
congestive heart failure; each over 9% vs. 1%). With all characteristics assigned mean value, |

found a predicted probability of 8.8% of dying within 12 months of nonfatal opioid OD—fully 8
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times the 1.0% predicted probability of dying within 12 months for a nonelderly dual assigned
mean characteristics who did not overdose.

Figure 1. Predicted probabilities of 12-month mortality among nonelderly duals by opioid
overdose status, age (10 years), mean characteristics, and selected conditions
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Table 2 presents logistic regression results estimating death within 12 months of a nonfatal
opioid OD among nonelderly duals (summary table in text; a complete version can be found in
Appendix 2, Table A2.3). Variables associated with 12-month all-cause mortality included
discharge to a facility instead of home (aOR=1.21; 95% Confidence Interval = 1.04,1.42), years-
of-age (aOR = 1.02; 95% CI = 1.01,1.03), male sex (aOR = 1.28; 95% CI = 1.13,1.45, heroin
involvement in index overdose (aOR = 1.25; 95% CI = 1.07,1.47), and chronic kidney disease
(aOR =1.37; 95% CI = 1.20,1.56). Medication for opioid use disorder treatment (MOUD) in past
2 years was associated with reduced mortality (aOR = 0.75; 95% CI = 0.62,0.90). Anxiety, bipolar
disorder, depression, and schizophrenia and other psychotic disorders were not associated with

increased odds of 12-month mortality. The area under the curve (AUC) for this model was 0.70.
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Table 2. Characteristics Associated with 12-Month All-Cause Mortality

Age (Years)
Sex (Ref: Female)
Black or African American
Race (Ref: Non-Hispanic
White)
Number of opioid
overdoses in previous 6
months
Index overdose involved
heroin
Elixhauser score
Number of inpatient claims
prior to OD (Ref: 0 visits)
1-4 Visits
5+ Visits
Number of outpatient
claims prior to OD (Ref: 0
Visits)
1-4 Visits
5+ Visits
Discharge group (Ref:
discharged to home)
Discharged to another
facility
Discharge - other
Substance use diagnoses
Alcohol use disorder
Drug use disorder
Medication for Opioid Use
Disorder (MOUD)
Opioid use diagnosis or
procedure
Tobacco use disorders
Pain diagnoses
Fibromyalgia, chronic pain,
fatigue
Migraine
Chronic conditions
Acute myocardial infarction

1.03(1.03,1.04)
1.29(1.16,1.43)

0.88(0.75,1.04)

1.86(1.31,2.59)

0.88(0.77,1.00)
1.06(1.05,1.07)

1.90(1.70,2.12)
3.39(2.80,4.08)

1.18(0.98,1.43)
1.25(1.05,1.51)

1.71(1.48,1.97)
1.64(1.43,1.88)

1.12(1.00,1.25)
1.67(1.41,2.00)

0.70(0.59,0.83)

1.92(1.65,2.25)
1.23(1.09,1.39)

1.55(1.36,1.78)
0.78(0.67,0.90)

2.58(1.88,3.49)
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<0.001
<0.001

0.14

<0.001

0.05
<0.001

<0.001
<0.001

0.09
0.02

<0.001
<0.001

0.06
<0.001

<0.001

<0.001

<0.001

<0.001

0.001

<0.001

1.02(1.01,1.03)
1.28(1.13,1.45)

0.82(0.68,0.98)

1.53(1.06,2.16)

1.25(1.07,1.47)
1.02(1.02,1.03)

1.47(1.30,1.67)
2.09(1.67,2.61)

1.07(0.88,1.30)
0.94(0.77,1.15)

1.21(1.04,1.42)
1.33(1.15,1.53)

0.91(0.79,1.03)
0.76(0.57,1.02)

0.75(0.62,0.90)
1.69(1.32,2.20)
1.03(0.90,1.18)
1.23(1.05,1.44)

0.83(0.71,0.96)

1.32(0.94,1.84)

<0.001
<0.001

0.03

0.02

0.01
<0.001

<0.001
<0.001

0.52
0.53

0.02
<0.001

0.13
0.06

0.003

<0.001

0.68

0.01

0.02

0.10



Atrial fibrillation ~ 1.86(1.44,2.38) <0.001 0.86(0.65,1.13) 0.28
Congestive heart failure  2.43(2.17,2.72) <0.001 1.43(1.24,1.65) <0.001
Chronic kidney disease = 2.20(1.98,2.44) <0.001 1.37(1.20,1.56) <0.001
Chronic Obstructive
Pulmonary Disease (COPD) 1.98(1.78,2.20) <0.001 1.32(1.16,1.51) <0.001
Viral hepatitis ~ 1.42(1.27,1.60) <0.001 1.06(0.92,1.22) 0.40
Human
Immunodeficiency Virus
and/or Acquired  1.60(1.24,2.05) <0.001 1.24(0.94,1.62) 0.12
Immunodeficiency
Syndrome (HIV/AIDS)

Ischemic heart disease ~ 1.97(1.77,2.19) <0.001 1.27(1.11,1.45) <0.001
Liver disease  2.06(1.82,2.32) <0.001 1.33(1.15,1.52) <0.001
Osteoporosis =~ 1.23(0.99,1.52) 0.05 0.94(0.74,1.17) 0.57

Rheumatoid arthritis /4 4515991 13) 075  0.74(0.650.84)  <0.001

osteoarthritis

Fatal Opioid Overdose and All-Cause Mortality

Table 3 shows characteristics of the subpopulation of the beneficiaries who died in 2015
or 2016 who had NDI data (summary table in text; a complete version can be found in Appendix
2, Table A2.4). See Appendix 2, Table A2.5 for comparisons of beneficiaries with listed and
unknown causes of death. Among those with death certificates, nonelderly duals whose death
certificates indicated fatal opioid OD were younger than those who died of other causes (46.7 years
old vs. 52.7 years old). The average days to death following index overdose for all beneficiaries
who died, regardless of indicated cause, was about 5 months (148 days for fatal opioid OD; 155
days for other causes). Figures 2 and 3 summarize the distribution of deaths across the year for

those who die of opioid overdose and other causes.
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Figure 2. Days until Death among Beneficiaries Who Died from Causes Other Than Opioid
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Table 3. Characteristics of Nonelderly Duals Indicated to have Died from Opioid Overdoses and

Other Causes

Days to death, Mean (SD)
Age (years), Mean (SD)
Male sex, No. (%)
Race, No. (%)
Non-Hispanic White
Black or African American
Hispanic
Other

Buprenorphine distributed (3-
digit zip code level) , No. (%)
First quartile (Least)

Second quartile
Third quartile
Fourth quartile (Most)

Prior opioid overdoses, Mean
(SD)
Subsequent opioid overdoses,

Mean (SD)
Index overdose involved heroin,
No. (%)
Elixhauser score, No. (%0)
<0
0
1-4
>=5

Number of days with claim prior
to OD, Mean (SD)
Substance use diagnoses, No. (%)

Alcohol use disorder
Drug use disorder

Medication for Opioid Use
Disorder (MOUD)
Opioid use diagnosis or procedure

148 (115)
46.0 (10.0)
118 (53.9)

172 (78.5)
20 (9.1)
16 (7.3)
11 (5.0)

22 (10.0)
46 (21.0)
51 (23.3)
100 (45.7)

0.0594 (0.347)

0.329 (0.615)

104 (47.5)

86 (39.3)
76 (34.7)
25 (11.4)
32 (14.6)

7.00 (6.53)

90 (41.1)
208 (95.0)

50 (22.8)
202 (92.2)
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155 (107)
52.7 (9.0)
427 (54.3)

615 (78.1)
94 (11.9)
60 (7.6)
18 (2.3)

105 (13.3)
201 (25.5)
237 (30.1)
244 (31.0)

0.0178 (0.142)

0.202 (0.551)

115 (14.6)

139 (17.7)
218 (27.7)
94 (11.9)
336 (42.7)

8.67 (7.80)

237 (30.1)
712 (90.5)

62 (7.9)
692 (87.9)

0.42
<0.001
0.98

0.13

<0.001

0.08

0.006

<0.001

<0.001

0.001

0.003
0.05

<0.001
0.10



Tobacco use disorders 175 (79.9) 581 (73.8) 0.08
Mental health diagnoses, No. (%)
ADHD and other conduct disorders 30 (13.7) 54 (6.9) 0.002
Anxiety 174 (79.5) 614 (78.0) 0.72
Bipolar 128 (58.4) 332 (42.2) <0.001
Depression 172 (78.5) 659 (83.7) 0.09
Personality disorders 46 (21.0) 104 (13.2) 0.006
Post-traumatic stress disorder 55 (25.1) 108 (13.7) <0.001
Schizophrenia and other psychotic
disorders 62 (28.3) 234 (29.7) 0.75
Pain diagnoses, No. (%)
Fibromyalgia, chronic pain, fatigue 159 (72.6) 671 (85.3) <0.001
Migraine 41 (18.7) 117 (14.9) 0.20
Chronic Conditions, No. (%)
Chronic kidney disease 76 (34.7) 477 (60.6) <0.001
Congestive heart failure 34 (15.5) 350 (44.5) <0.001
Chronic Obstructive Pulmonary
Disease (COPD) 70 (32.0) 457 (58.1) <0.001
Hypertension 117 (53.4) 588 (74.7) <0.001
Ischemic heart disease 57 (26.0) 408 (51.8) <0.001
Liver disease 42 (19.2) 237 (30.1) 0.002
Rheumatoid arthritis / osteoarthritis 87 (39.7) 430 (54.6) <0.001
Viral hepatitis 74 (33.8) 237 (30.1) 0.34

A greater proportion of beneficiaries who died from listed causes other than opioid OD had
diagnoses of chronic kidney disease (60.6% vs. 34.7%), COPD (58.1% vs. 32.0%), and congestive
heart failure (44.5% vs. 15.5%). Compared with those who died of other causes, those who died
of opioid OD had a greater prevalence of some psychiatric conditions, including bipolar disorder
(58.4% vs. 42.2%), post-traumatic stress disorder (25.1% vs. 13.7%), and personality disorders
(21.0% vs. 13.2%). | did not observe statistically significant differences in the prevalence of
schizophrenia and other psychotic disorders, anxiety, or depression.
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Individual states were statistically insignificant in the fixed effect model that included each
state. The estimates of the model that allowed for clustered standard errors by state did not change
the qualitative results (Table A2.6).

DISCUSSION

Nearly 11% of nonelderly duals in this study cohort who survived an index opioid overdose
died within 12 months. This is about twice as high as has been found in other populations, in which
12-month mortality following nonfatal opioid OD has been found to be around 5%.4!® This is
more than 5 times higher than the 12-month mortality rate observed among members of my
comparison cohort who did not overdose. It is unsurprising that premature mortality is higher
among nonelderly duals following an overdose than was found in these population-based studies;
by definition, nonelderly duals have more disabilities than the general population, and opioid use
disorder compounds the effects of many disorders. Even though individuals in other populations
who overdose tend to have more illnesses than their counterparts who do not overdose,’® the
duration of the diseases and severity of the conditions among nonelderly duals sets them apart.

As many as 58% of Americans who misuse prescription opioids use their own prescribed
opioids, citing pain relief as the most common reason for misuse.?® Almost 80% of nonelderly
duals in this study who overdosed have diagnosed fibromyalgia, chronic pain, or fatigue. In the
adjusted logistic regression model, these diagnoses were associated with 23% higher odds of 12-
month post-OD mortality. Diagnosis of a migraine disorder, another common pain diagnosis that
affected 19% of the population, was associated with reduced post-overdose mortality. Serious
mental ilInesses are also known to be closely related to substance misuse in the general population.
The vast majority of the study cohort who overdosed had at least one diagnosed mental illness:

depression (80%), anxiety (76%), and bipolar disorder (46%) were particularly common.
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Nonelderly duals who overdosed were more likely than other nonelderly duals to have
chronic kidney disease (35.8% vs. 12.2%), congestive heart failure (21.4% vs. 8.3%) and liver
disease (16.6% vs. 5.3%). Compared with their counterparts who do not overdose but had these
conditions, the predicted probabilities of 12-month mortality among beneficiaries assigned mean
characteristics for other variables is 8-9% vs. 1% in the youngest age group (21-29) and 16-17%
vs. 4-5% in the oldest age group (60-64). Thus, the presence or duration of these illnesses alone
does not appear responsible for the high mortality rate among nonelderly duals who overdose.

From a policy perspective, reducing barriers to MOUD treatment is a critical measure to
reduce mortality in this population.3”8%2 In this study cohort, receipt of treatment was associated
with reduced post-OD mortality, yet only 14% of individuals who experienced opioid OD received
MOUD in the preceding 2 years. Beneficiaries in this study visited health care providers on average
between 7 and 8 days in the 6 months prior to the overdose, suggesting there are existing
relationships with health care providers who may prescribe MOUD themselves or refer patients to
those who can.

Previous research has demonstrated that individuals who survive an opioid overdose are at
high risk of a subsequent nonfatal and fatal opioid overdoses.*>°2439 Roughly 20% of those whose
death certificates indicated fatal opioid OD had claims for MOUD in the preceding 2 years.
MOUD would likely decrease the risk of fatal overdose, alongside other important benefits for
physical health, social function, and personal well-being. Given the probability that many of the
deaths in this study are misattributed to causes other than opioid overdose, an increase in the
availability of MOUD would likely reduce mortality directly and indirectly caused by opioid

misuse.
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The NDI data used in this study in conjunction with the Medicare claims further illuminates
the lack of clarity in causes of post-overdose death. | found that 44.5% of nonelderly duals whose
death certificates do not indicate fatal opioid OD had a diagnosis of congestive heart failure,
compared with 15.5% among those with fatal opioid OD indicated. It is possible that a known
severity of a condition motivates it to be put on a death certificate, perhaps because of the
uncertainty of overdose or the stigma associated with overdose death.

It is critical to offer MOUD and other interventions shortly after nonfatal opioid OD.
Further, MOUD and other interventions should be as accessible as possible, available at a variety
of locations, and free or affordable. Regardless of whether a beneficiary was recorded as having
died of a fatal opioid overdose or another cause, the average time to death was roughly 5 months.
Most individuals in my dataset had inpatient or outpatient encounters with health care providers
prior to death. Larochelle and colleagues® identified “touchpoints” (i.e., locations such as
pharmacies, detoxification facilities, or emergency departments at which interventions might be
strategically placed to prevent fatal opioid overdose). These authors suggest that up to 50% of
opioid overdose deaths in their study population could have been prevented had successful
interventions been initiated at the touchpoint. Barriers to care must be considered in intervention
design, as many people who live with serious mental illness and opioid use disorder do not receive
behavioral health care, reporting access challenges and stigma, which may reinforce lack of
readiness to stop using.**

STRENGTHS AND LIMITATIONS

Where many other studies of risk factors for overdose have been limited with regional

data,>° this study considers risk factors using nationwide data. This allowed me to create a study

cohort large enough to analyze multiple conditions within a multivariate model.
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Opioid overdoses are often underreported in death certificate data. It is often difficult to
determine cause of death for an individual, particularly someone with multiple comorbidities and
chronic substance misuse. Although it is important to know the incidence of fatal opioid overdoses,
by including all-cause mortality in this analysis I allowed for studying the possibly more relevant
outcome of 12-month mortality.

To my knowledge, this is the first study of 12-month post-OD mortality among nonelderly
duals. The beneficiaries in this study are at high risk for both overdose and premature mortality.
Understanding their unique risk factors may help in the development of effective, targeted
interventions.

Despite these strengths, these results may not be generalizable to other nonelderly duals or
other populations. Because | needed comprehensive fee-for-service data to account for health care
utilization, I excluded nonelderly duals with coverage from health maintenance organizations and
those who were partial duals or did not have dual status at any time in the study period. | also
excluded beneficiaries who qualified for Medicare because of end-stage renal disease. As they are
not entitled to HMO care, they would have been disproportionately represented in the cohort. |
excluded beneficiaries who had a cancer diagnosis on their claims because | expected their health
care to differ significantly from those without cancer. | may be underreporting outpatient visits
due to my use of outpatient fee-for-service facility claims without provider (carrier) claims;
however, my conclusion that most beneficiaries seek outpatient care prior to and following the
overdose would not change if the visits were undercounted.

The calculation of the Elixhauser score is based on the index overdose claim and claims
for the preceding 6 months. Medicare transitioned from ICD-9-CM to ICD-10-CM on October 1,

2015, and the codes do not map onto each other. Therefore, for those who overdosed after October
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1, 2015, and before April 1, 2016, any claims prior to October 1, 2015, were excluded from the
calculation of the Elixhauser scores. Additionally, condition severity was not determined for
conditions that are not included in the calculation of the Elixhauser score but are included in the
MBSF supplemental files.

Finally, | suspect that there are effects of state that | was not able to detect in either the
fixed effects model or when I allowed for the clustering of standard errors by state. | believe that
I may not have detected these differences based on the disparate populations between states, or
perhaps because MOUD policies and the opioid epidemic both evolved dramatically in the study
years.

Accompanying Part D Medicare claims data would deeply enrich this analysis as it would
allow me to better examine MOUD and prescription use. | hope to incorporate such data in future
work.

SOCIAL WORK IMPLICATIONS

Almost 11% of nonelderly duals who experience nonfatal opioid OD are predicted to die
in the subsequent year. Given the acute health care needs experienced by these individuals, and
frequent encounters many of these individuals experience with our health care delivery system,
more effective strategies for focused interventions to engage nonelderly duals must be a priority.
Social workers often provide assistance in navigating relationships with the health care system, as
well as provide counseling for individuals with OUD. They are uniquely situated to help clients

address the multifaceted issues that prevent initation and continuation of MOUD.
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Appendix 1. A Flow Diagram of the Creation of the Study Cohort

( )

58194 Medicare beneficiaries under

the age of 65 had one or more opioid

overdoses between January 1, 2014-
December 31, 2016*

( )

16709 nonelderly duals with sufficient
FFS coverage had opioid overdose
between January 1, 2014-December
31, 2016

( )

14706 nonelderly duals had an opioid
overdose between January 1, 2014-
December 31, 2016 and had
nonelderly dual status from 6 months
prior to the index OD to 12 months
following (or until death)

\. J

( )

14469 nonelderly duals had an opioid
overdose between January 1, 2014-
December 31, 2016 and fulfilled all

study inclusion criteria

41485 beneficiaries excluded because
they did not have sufficient full dual FFS
coverage or had HMO care in the 6
months prior to OD or 12 months
following (or until death)

971 beneficiaries excluded because they had
end-stage renal disease; 974 beneficiaries
excluded because they had a cancer
diagnosis in the year of the OD (specifically:
breast cancer, lung cancer, colorectal cancer,
endometrial cancer, lung cancer, prostate
cancer, or leukemia); 58 beneficiaries
excluded because they were not originally
entitled to Medicare because of a disability;
0 beneficiaries excluded because they did
not live in 50 US states or DC at time of OD

220 beneficiaries were excluded because
they died during the index event, 1
beneficiary was excluded because the
claim occurred 111 days after the death
date and 16 beneficiaries were excluded
because they died on the date of discharge
from care.
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Appendix 2. Supplemental Tables for Paper 1

Table A2.1 Characteristics and Comorbidities of Nonelderly Dual Beneficiaries by Overdose
Status and Mortality Outcome

Nonfatal Opioid No Overdose Nonfatal Opioid No
Overdose (N=1803790) Overdose Overdose
(N=12908) B (N=1561) (N=36129)
Age (years)
Mean (SD) 48.0 (10.5) 475 (11.4) 51.1 (9.80) 53.6 (9.06)
: . 50.0 [21.0, 56.0 [21.0,
Median [Min, Max] 50.0 [21.0, 64.0] 64.0] 53.0 [21.0, 64.0] 64.0]
Age (10 years), No. (%)
21-29 794 (6.2) 162414 (9.0) 50 (3.2) 905 (2.5)
30-39 2326 (18.0) 3(11‘;8%4 185 (11.9) 2458 (6.8)
411960 5716
40-49 2998 (23.2) (22.8) 306 (19.6) (15.8)
630012 15909
50-59 5022 (38.9) (34.9) 694 (44.5) (44.0)
288520 11141
60-64 1768 (13.7) (16.0) 326 (20.9) (30.8)
Sex, No. (%)
Female 925044 16571
7699 (59.6) (51.3) 834 (53.4) (45.9)
Male 878746 19558
5209 (40.4) (48.7) 727 (46.6) (54.1)
Race, No. (%)
Non-Hispanic White 1165345 25691
9799 (75.9) (64.6) 1211 (77.6) (71.1)
Black or African 376267 6798
American 1066 (12.9) (20.9) 182 (11.7) (18.8)
Hispanic 1519 (7.9) 1(71%53)9 120(77)  2422(6.7)
Other 424 (3.3) 82629 (4.6) 48 (3.1) 1218 (3.4)
Census Region, No. (%)
. 458155 9542
Midwest 3241 (25.1) (25.4) 389 (24.9) (26.)
447814 7753
Northeast 3833 (29.7) (24.8) 414 (26.5) (215)
560226 13453
South 3421 (26.5) (31.1) 465 (29.8) (37.2)
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West

County description, No.
(%)

Metro
Urban
Rural
Missing
Buprenorphine
distributed

(3-digit zip code level) ,
No. (%)
First quartile

Second quartile
Third quartile
Fourth quartile

Years under disability
insurance (years)
Mean (SD)

Median [Min, Max]

Substance use
diagnoses, No. (%)

Alcohol use disorder

Drug use disorder

Medication for Opioid
Use Disorder (MOUD)
Opioid use disorder
(moud, dx, or ED)
Opioid use diagnosis or
procedure

Opioid use emergency
department or
hospitalization

Tobacco use disorders

2413 (18.7)

10086 (78.1)

2456 (19.0)

280 (2.2)
86 (0.7)

1932 (15.0)
2903 (22.5)
3584 (27.8)

4489 (34.8)

10.1 (7.42)

8.30 [0.496,

42.1]

3903 (30.2)

11009 (85.3)

1839 (14.2)

12663 (98.1)

10154 (78.7)

12565 (97.3)

9131 (70.7)

44

337595
(18.7)

1373430
(76.1)
385818
(21.4)
43885 (2.4)

657 (0.0)

349052
(19.4)
466388
(25.9)
488013
(27.1)
500337
(27.7)

11.5 (9.47)

9.01 [0, 41.5]

111358 (6.2)

192376
(10.7)

25833 (1.4)

99513 (5.5)

84802 (4.7)

46786 (2.6)

443050
(24.6)

293 (18.8)

1211 (77.6)

310 (19.9)

27 (1.7)
13 (0.8)

216 (13.8)
368 (23.6)
445 (28.5)

532 (34.1)

10.2 (7.58)
8.59 [0.507
41.8]

509 (32.6)

1415 (90.6)

163 (10.4)
NA

1368 (87.6)

NA

1169 (74.9)

5381
(14.9)

27133
(75.1)
8019
(22.2)

964 (2.7)
13 (0.0)

6754
(18.7)
9514
(26.3)
10096
(27.9)
9765
(27.0)

13.4 (10.8)
10.6 [0,
41.5]

5496
(15.2)
6251
(17.3)

500 (1.4)

3500 (9.7)

3118 (8.6)

2650 (7.3)

12997
(36.0)



Mental health

diagnoses, No. (%)

ADHD and other conduct
disorders

Anxiety
Autism

Bipolar

Depression

Personality disorders

Post-traumatic stress

disorder

Schizophrenia and other

psychotic disorders

Disability-related

conditions, No. (%)

Cerebral palsy

Epilepsy
Mobility Impairments

Multiple sclerosis and
transverse myelitis
Muscular dystrophy
Sensory - deafness and
hearing impairment
Sensory - blindness and
visual impairment

Spina bifida and other
congenital anomalies of
the nervous system
Spinal cord injury
Traumatic brain injury
and nonpsychotic mental
disorders due to brain
damage

Pain diagnoses, No. (%)
Fibromyalgia, chronic
pain, fatigue

Migraine

1651 (12.8)

9765 (75.7)
74 (0.6)
5983 (46.4)

10420 (80.7)

2206 (17.1)
2806 (21.7)

3542 (27.4)

112 (0.9)
2339 (18.1)

1189 (9.2)

379 (2.9)
49 (0.4)
434 (3.4)

202 (1.6)

104 (0.8)

377 (2.9)

264 (2.0)

9539 (73.9)
2568 (19.9)

45

117083 (6.5)

551031
(30.5)
46757 (2.6)
315400
(17.5)
695950
(38.6)
75147 (4.2)

98487 (5.5)

294650
(16.3)

68949 (3.8)
198571
(11.0)

99256 (5.5)

29732 (1.6)
5306 (0.3)
67650 (3.8)

21019 (1.2)

16615 (0.9)

16341 (0.9)

20149 (1.1)

419415
(23.3)

117744 (6.5)

132 (8.5)

1205 (77.2)
NA
696 (44.6)

1279 (81.9)
239 (15.3)
261 (16.7)

454 (29.1)

11 (0.7)
313 (20.1)

182 (11.7)

37 (2.4)
NA
67 (4.3)

31 (2.0)

NA

64 (4.1)

27 (1.7)

1272 (81.5)
253 (16.2)

1913 (5.3)

15373
(42.6)
435 (1.2)
6968
(19.3)
18255
(50.5)
1562 (4.3)

1507 (4.2)

7831
(21.7)

1973 (5.5)
8405
(23.3)
6513
(18.0)

1309 (3.6)
331 (0.9)
1557 (4.3)

1137 (3.1)

554 (1.5)

858 (2.4)

829 (2.3)

12603
(34.9)

1850 (5.1)



Chronic conditions, No.
(%)

Acquired hypothyroidism

Acute myocardial
infarction

Alzheimer's disease and
related disorders or senile
dementia

Anemia

Asthma

Atrial fibrillation
Benign prostatic
hyperplasia
Cataract

Chronic kidney disease
COPD
Congestive heart failure

Diabetes

Glaucoma
Hip/Pelvic Fracture
HIV/AIDS

Hyperlipidemia

Hypertension

Ischemic heart disease
Liver disease
Obesity

Osteoporosis
Peripheral vascular
disease

Pressure ulcers and
chronic ulcers

2201 (17.1)

177 (1.4)

1074 (8.3)

4650 (36.0)"

3394 (26.3)
359 (2.8)
458 (3.5)
803 (6.2)

4358 (33.8)

4568 (35.4)
2514 (19.5)

4093 (31.7)

324 (2.5)
101 (0.8)
399 (3.1)

4786 (37.1)
7687 (59.6)
3701 (28.7)
1977 (15.3)

4361 (33.8)
699 (5.4)
1481 (11.5)

1442 (11.2)

212032
(11.8)

6157 (0.3)

89211 (4.9)

324102
(18.0)
184229
(10.2)
26977 (1.5)

40245 (2.2)

133296 (7.4)
207641
(11.5)
219246
(12.2)

139920 (7.8)

450325
(25.0)
75634 (4.2)
3674 (0.2)
34192 (1.9)
542025
(30.0)
691042
(38.3)
235634
(13.1)

90337 (5.0)

394829
(21.9)
50179 (2.8)

136331 (7.6)

84863 (4.7)

46

306 (19.6)

54 (3.5)

222 (14.2)

761 (48.8)

416 (26.6)
79 (5.1)
87 (5.6)
104 (6.7)
825 (52.9)

812 (52.0)
578 (37.0)

618 (39.6)

29 (1.9)
21 (1.3)
76 (4.9)

600 (38.4)
1080 (69.2)
689 (44.1)
423 (27.1)

560 (35.9)
103 (6.6)
314 (20.1)

355 (22.7)

5742
(15.9)

1069 (3.0)

7505
(20.8)

15907
(44.0)
4376
(12.1)
2372 (6.6)

1528 (4.2)

2111 (5.8)
16465
(45.6)
10439
(28.9)
13093
(36.2)
14976
(41.5)

814 (2.3)

358 (1.0)

966 (2.7)
10765
(29.8)
19321
(53.5)
12821
(35.5)
7400
(20.5)
10069
(27.9)

1757 (4.9)
7778
(21.5)

8891
(24.6)



Rheumatoid arthritis /

osteoarthritis 6634 (51.4)
Stroke / transient
ischemic attack 18 ()
Viral hepatitis 2959 (22.9)
Other developmental
delays, No. (%)
Cystic fibrosis and other
metabolic developmental 286 (2.2)
disorders
Intellectual disabilities
and related conditions A (L)
Learning disabilities 85 (0.7)
Other developmental 9 (0.7)

delays

425101
(23.6)

44740 (2.5)

72817 (4.0)

18049 (1.0)

225659
(12.5)

13019 (0.7)
26884 (1.5)

809 (51.8)
132 (8.5)

464 (29.7)

71 (4.5)

20 (1.3)
NA
NA

10012
(27.7)

3260 (9.0)

3982
(11.0)

1227 (3.4)

5779
(16.0)

279 (0.8)
937 (2.6)

Table A2.2 Complete Characteristics and Comorbidities of Nonelderly Dual Beneficiaries Who

Survived an Opioid Overdose

Age (years)
Mean (SD)
Median [Min, Max]
Age (10-year), No. (%)
21-29
30-39
40-49
50-59
60-64
Sex, No. (%)
Female
Male
Race, No. (%)
Non-Hispanic White
Black or African American
Hispanic
Other
Census region, No. (%0)
Midwest

48.0 (10.5)

50.0 [21.0, 64.0]

794 (6.2)
2326 (18.0)
2998 (23.2)
5022 (38.9)
1768 (13.7)

7699 (59.6)
5209 (40.4)

9799 (75.9)

1666 (12.9)
1019 (7.9)
424 (3.3)

3241 (25.1)

47

51.1 (9.8)

53.0 [21.0, 64.0]

50 (3.2)
185 (11.9)
306 (19.6)
694 (44.5)
326 (20.9)

834 (53.4)
727 (46.6)

1211 (77.6)
182 (11.7)
120 (7.7)

48 (3.1)

389 (24.9)

<0.001

<0.001

<0.001

0.48

0.02



Northeast
South
West
County Description, No. (%)
Metro
Urban
Rural
Missing
Buprenorphine distributed (3-digit
zip code level), No. (%)
First quartile
Second quartile
Third quartile
Fourth quartile
Number of opioid overdoses in
previous 6 months
Mean (SD)
Median [Min, Max]
Heroin indicated in index OD, No.
(%)
Years under disability insurance
(years)
Mean (SD)
Median [Min, Max]
Elixhauser score, No. (%0)

Days with claims (before OD)
Mean (SD)
Median [Min, Max]
Number of inpatient claims prior to
OD, No. (%)
0
1-4
5+
Number of outpatient claims prior to
OD, No. (%)
0
1-4

3833 (29.7)
3421 (26.5)
2413 (18.7)

10086 (78.1)
2456 (19.0)
280 (2.2)
86 (0.7)

1932 (15.0)
2903 (22.5)
3584 (27.8)
4489 (34.8)

0.00875 (0.105)

010, 4]
3038 (23.5)

10.1 (7.42)

8.30 [0.496, 42.1]

3694 (28.6)
4857 (37.6)
1471 (11.4)
2886 (22.4)

7.37 (7.59)
5.00 [0, 145]

7511 (58.2)
4794 (37.1)
603 (4.7)

1494 (11.6)
4839 (37.5)

48

414 (26.5)
465 (29.8)
293 (18.8)

1211 (77.6)
310 (19.9)
27 (1.7)
13 (0.8)

216 (13.8)
368 (23.6)
445 (28.5)
532 (34.1)

0.0205 (0.174)

010, 3]
332 (21.3)

10.2 (7.58)

8.59 [0.507, 41.8]

342 (21.9)
443 (28.4)
200 (12.8)
576 (36.9)

8.46 (8.16)
6.00 [0, 105]

629 (40.3)
761 (48.8)
171 (11.0)

151 (9.7)
577 (37.0)

0.50

0.50

0.009

0.05

0.46

<0.001

<0.001

<0.001

0.05



5+
Substance use diagnoses, No. (%0)
Alcohol use disorder
Drug use disorder
Medication for Opioid Use Disorder
(MOUD)
Opioid use disorder (MOUD, Diagnosis,
or ED)
Opioid use diagnosis or procedure
Opioid use emergency department or
hospitalization
Tobacco use disorders
Mental health diagnoses, No. (%)
Attention Deficit Hyperactivity Disorder
(ADHD) and other conduct disorders
Anxiety
Autism
Bipolar
Depressive disorders
Personality disorders
Post-traumatic stress disorder
Schizophrenia and other psychotic
disorders
Disability-related conditions, No. (%)
Cerebral palsy
Epilepsy
Mobility impairments
Multiple sclerosis and transverse
myelitis
Muscular dystrophy
Sensory - deafness and hearing
impairment
Sensory - blindness and visual
impairment
Spina bifida and other congenital
anomalies of the nervous system
Spinal cord injury
Traumatic brain injury and nonpsychotic
mental disorders due to brain damage
Pain diagnoses, No. (%)
Fibromyalgia, chronic pain, fatigue
Migraine

6575 (50.9)

3903 (30.2)
11009 (85.3)

1839 (14.2)

12663 (98.1)
10154 (78.7)
12565 (97.3)
9131 (70.7)

1651 (12.8)

9765 (75.7)
74 (0.6)
5983 (46.4)
10420 (80.7)
2206 (17.1)
2806 (21.7)

3542 (27.4)

112 (0.9)
2339 (18.1)
1189 (9.2)

379 (2.9)
49 (0.4)
434 (3.4)

202 (1.6)

104 (0.8)
377 (2.9)
264 (2.0)

9539 (73.9)
2568 (19.9)

49

833 (53.4)

509 (32.6)
1415 (90.6)

163 (10.4)

NAL
1368 (87.6)
NA?
1169 (74.9)

132 (8.5)

1205 (77.2)
NAL
696 (44.6)
1279 (81.9)
239 (15.3)
261 (16.7)

454 (29.1)

11 (0.7)
313 (20.1)
182 (11.7)

37 (2.4)
NAL
67 (4.3)

31 (2.0)

NAL
64 (4.1)
27 (1.7)

1272 (81.5)
253 (16.2)

0.06
<0.001

<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

0.19
0.27
0.20
0.27
0.08
<0.001

0.18

0.61
0.07
0.002

0.23
0.56
0.07

0.25

0.59
0.01
0.46

<0.001
<0.001



Chronic conditions, No. (%)

Acquired hypothyroidism
Acute myocardial infarction
Alzheimer's disease and related
disorders or senile dementia
Anemia
Asthma
Atrial fibrillation
Benign prostatic hyperplasia
Cataract
Chronic kidney disease
Chronic Obstructive Pulmonary Disease
(COPD)
Congestive heart failure
Diabetes
Glaucoma
Hip/pelvic fracture
Human Immunodeficiency
Virus/Acquired Immunodeficiency
Syndrome (HIV/AIDS)
Hyperlipidemia
Hypertension
Ischemic heart disease
Liver disease
Obesity
Osteoporosis
Peripheral vascular disease
Pressure ulcers and chronic ulcers
Rheumatoid arthritis / osteoarthritis
Stroke / transient ischemic attack
Viral hepatitis

Other developmental delays, No. (%)
Cystic fibrosis and other metabolic
developmental disorders
Intellectual disabilities and related
conditions
Learning disabilities
Other developmental delays

1 Cells with values less than 11 suppressed in accordance with CMS policy to protect

confidentiality of beneficiaries.

2201 (17.1)
177 (1.4)

1074 (8.3)

4650 (36.0)
3394 (26.3)
359 (2.8)
458 (3.5)
803 (6.2)
4358 (33.8)

4568 (35.4)

2514 (19.5)
4093 (31.7)
324 (2.5)
101 (0.8)

399 (3.1)

4786 (37.1)
7687 (59.6)
3701 (28.7)
1977 (15.3)
4361 (33.8)
699 (5.4)
1481 (11.5)
1442 (11.2)
6634 (51.4)
768 (5.9)
2959 (22.9)

286 (2.2)

240 (1.9)

85 (0.7)
96 (0.7)

50

306 (19.6)
54 (3.5)

222 (14.2)

761 (48.8)
416 (26.6)
79 (5.1)
87 (5.6)
104 (6.7)
825 (52.9)

812 (52.0)

578 (37.0)
618 (39.6)
29 (1.9)
21 (1.3)

76 (4.9)

600 (38.4)
1080 (69.2)
689 (44.1)
423 (27.1)
560 (35.9)
103 (6.6)
314 (20.1)
355 (22.7)
809 (51.8)
132 (8.5)
464 (29.7)

71 (4.5)

20 (1.3)

NA*
NA?

0.01
<0.001

<0.001

<0.001
0.79
<0.001
<0.001
0.53
<0.001

<0.001

<0.001

<0.001
0.14
0.03

<0.001

0.31
<0.001
<0.001
<0.001

0.11

0.06
<0.001
<0.001

0.77
<0.001
<0.001

<0.001

0.13

0.26
0.25



Table A2.3. Complete Characteristics Associated with 12-Month All-Cause Mortality among
Nonelderly Duals Following a Nonfatal Opioid Overdose

Age (Years)
Sex (Ref: Female)
Race (Ref: Non-Hispanic
White)
Black or African American
Hispanic
Other
Census Region (Ref: West)
Midwest
Northeast
South
Number of opioid
overdoses in previous 6
months
Heroin indicated in index
oD
Years under disability
insurance (Years)
Elixhauser score
Number of inpatient
claims prior to OD (Ref: 0
Visits)
1-4 Visits
5+ Visits
Number of outpatient
claims prior to OD (Ref: 0
Visits)
1-4 Visits
5+ Visits
Emergency department
type (Ref: Outpatient)
Discharge Group (Ref:
Discharged to home)
Discharged to another
facility
Discharge - other
Substance use diagnoses
Alcohol use disorder

1.03(1.03,1.04)
1.29(1.16,1.43)

0.88(0.75,1.04)
0.95(0.78,1.16)
0.92(0.67,1.23)
0.99(0.84,1.16)
0.89(0.76,1.04)
1.12(0.96,1.31)

1.86(1.31,2.59)

0.88(0.77,1.00)

1.00(1.00,1.01)
1.06(1.05,1.07)

1.90(1.70,2.12)
3.39(2.80,4.08)

1.18(0.98,1.43)
1.25(1.05,1.51)

1.75(1.57,1.94)

1.71(1.48,1.97)
1.64(1.43,1.88)

1.12(1.00,1.25)

51

<0.001
<0.001

0.14
0.63
0.57

0.89
0.15
0.15

<0.001

0.05

0.46
<0.001

<0.001
<0.001

0.09
0.02

<0.001

<0.001
<0.001

0.05

1.02(1.01,1.03)
1.28(1.13,1.45)

0.82(0.68,0.98)
0.99(0.80,1.21)
0.96(0.69,1.30)

1.53(1.06,2.16)

1.25(1.07,1.47)

0.98(0.98,0.99)
1.02(1.02,1.03)

1.47(1.30,1.67)
2.09(1.67,2.61)

1.07(0.88,1.30)
0.94(0.77,1.15)

1.21(1.04,1.42)
1.33(1.15,1.53)

0.91(0.79,1.03)

<0.001
<0.001

0.03
0.91
0.78

0.02

0.01

<0.001
<0.001

<0.001
<0.001

0.52
0.53

0.02
<0.001

0.13



Drug use disorder
Medication for Opioid Use
Disorder (MOUD)
Opioid use diagnosis or
procedure
Tobacco use disorders
Mental health diagnoses
ADHD and other conduct
disorders
Anxiety
Autism
Bipolar
Depressive disorders
Personality disorders
Post-traumatic stress
disorder
Schizophrenia and other
psychotic disorders
Disability-related
conditions
Cerebral palsy
Epilepsy
Sensory - deafness and
hearing impairment
Mobility impairments
Multiple sclerosis and
transverse myelitis
Muscular dystrophy
Spina bifida and other
congenital anomalies of the
nervous system
Spinal cord injury
Sensory - blindness and
visual impairment
Traumatic brain injury and
nonpsychotic mental
disorders due to brain
damage
Pain diagnoses
Fibromyalgia, chronic pain,
fatigue
Migraine
Chronic conditions

1.67(1.41,2.00)
0.70(0.59,0.83)

1.92(1.65,2.25)
1.23(1.09,1.39)

0.63(0.52,0.76)

1.09(0.96,1.24)
0.56(0.20,1.25)
0.93(0.84,1.03)
1.08(0.95,1.24)
0.72(0.63,0.83)

0.88(0.76,1.01)

1.08(0.97,1.22)

0.81(0.41,1.44)
1.13(0.99,1.29)

1.29(0.98,1.66)
1.30(1.10,1.53)
0.80(0.56,1.11)
1.35(0.59,2.70)

0.79(0.39,1.45)

1.42(1.08,1.85)
1.27(0.85,1.84)

0.84(0.55,1.23)

1.55(1.36,1.78)
0.78(0.67,0.90)

52

<0.001
<0.001

<0.001
<0.001

<0.001

0.18
0.21
0.19
0.25
<0.001

0.08

0.17

0.51
0.06

0.06
0.002
0.21
0.43

0.49

0.01
0.21

0.40

<0.001
0.001

0.76(0.57,1.02) 0.06
0.75(0.62,0.90)  0.003

1.69(1.32,2.20)  <0.001
1.03(0.90,1.18) 0.68

1.23(1.05,1.44) 0.01
0.83(0.71,0.96) 0.02



Alzheimer's disease and
related disorders or senile
dementia
Acute myocardial infarction
Anemia
Asthma
Atrial fibrillation
Cataract
Congestive heart failure
Chronic kidney disease
Chronic Obstructive
Pulmonary Disease (COPD)
Diabetes
Glaucoma
Viral hepatitis
Hip/pelvic fracture
Human
Immunodeficiency Virus
and/or Acquired
Immunodeficiency
Syndrome (HIV/AIDS)
Hyperlipidemia
Benign prostatic hyperplasia
Hypertension
Acquired hypothyroidism
Ischemic heart disease
Liver disease
Obesity
Osteoporosis
Peripheral vascular disease
Rheumatoid arthritis /
osteoarthritis
Stroke / transient ischemic
attack
Pressure ulcers and chronic
ulcers

Developmental disorders
Cystic fibrosis
Intellectual disabilities and
related conditions
Learning disabilities
Other developmental delays

1.83(1.56,2.13)

2.58(1.88,3.49)
1.69(1.52,1.88)
1.02(0.90,1.15)
1.86(1.44,2.38)
1.08(0.87,1.32)
2.43(2.17,2.72)
2.20(1.98,2.44)

1.98(1.78,2.20)

1.41(1.27,1.57)
0.74(0.49,1.06)
1.42(1.27,1.60)
1.73(1.05,2.72)

1.60(1.24,2.05)

1.06(0.95,1.18)
1.60(1.26,2.02)
1.53(1.36,1.71)
1.19(1.04,1.35)
1.97(1.77,2.19)
2.06(1.82,2.32)
1.10(0.98,1.22)
1.23(0.99,1.52)
1.94(1.70,2.22)

1.02(0.92,1.13)
1.46(1.20,1.76)

2.34(2.05,2.66)

2.10(1.60,2.73)

0.69(0.42,1.06)

0.58(0.23,1.22)
0.60(0.25,1.20)

53

<0.001

<0.001
<0.001
0.76
<0.001
0.50
<0.001
<0.001

<0.001

<0.001
0.12

<0.001
0.02

<0.001

0.29
<0.001
<0.001

0.01
<0.001
<0.001

0.10

0.05
<0.001

0.75

<0.001

<0.001

<0.001

0.11

0.20
0.19

1.16(0.97,1.37)

1.32(0.94,1.84)
1.04(0.91,1.18)
0.88(0.77,1.00)
0.86(0.65,1.13)
0.80(0.64,1.00)
1.43(1.24,1.65)
1.37(1.20,1.56)

1.32(1.16,1.51)

0.95(0.83,1.09)
0.73(0.48,1.07)
1.06(0.92,1.22)
0.96(0.57,1.55)

1.24(0.94,1.62)

0.66(0.58,0.76)
0.94(0.72,1.22)
0.91(0.79,1.06)
1.05(0.90,1.21)
1.27(1.11,1.45)
1.33(1.15,1.52)
0.92(0.81,1.04)
0.94(0.74,1.17)
1.04(0.88,1.22)

0.74(0.65,0.84)
1.01(0.82,1.24)

1.37(1.18,1.60)

0.09

0.10
0.56
0.05
0.28
0.05
<0.001
<0.001

<0.001

0.49
0.12
0.40
0.88

0.12

<0.001
0.66
0.22
0.55

<0.001

<0.001
0.20
0.57
0.64

<0.001

0.93

<0.001



Tale A2.4. Characteristics of Nonelderly Duals Who Died from Opioid Overdoses and Other

Causes

Days to death
Mean (SD)
Median [Min, Max]
Age (Years)
Mean (SD)
Median [Min, Max]
Male sex, No. (%)
Race, No. (%)
Non-Hispanic White
Black or African American
Hispanic
Other
Census region, No. (%0)
Midwest
Northeast
South
West
Buprenorphine distributed (3-
digit zip code level) , No. (%)
First quartile (least)
Second quartile
Third quartile
Fourth quartile (most)
Prior opioid overdoses
Mean (SD)
Median [Min, Max]
Subsequent opioid overdoses
Mean (SD)
Median [Min, Max]
Heroin indicated in index OD, No.
(%)
Years under disability insurance
Mean (SD)
Median [Min, Max]
Elixhauser score, No. (%0)

<0

148 (115)
125 [1.00, 365]

46.0 (9.95)
47.0 [22.0, 64.0]
118 (53.9)

172 (78.5)
20 (9.1)
16 (7.3)
11 (5.0)

38 (17.4)
99 (45.2)
48 (21.9)
34 (15.5)

22 (10.0)
46 (21.0)
51 (23.3)
100 (45.7)

0.0594 (0.347)
0 [0, 3.00]

0.329 (0.615)
0 [0, 4.00]
104 (47.5)

8.69 (6.35)
7.20 [0.510, 31.3]

86 (39.3)

54

155 (107)
145 [1.00, 364]

52.7 (9.00)
55.0 [21.0, 64.0]
427 (54.3)

615 (78.1)
94 (11.9)
60 (7.6)
18 (2.3)

209 (26.6)
177 (22.5)
247 (31.4)
154 (19.6)

105 (13.3)
201 (25.5)
237 (30.1)
244 (31.0)

0.0178 (0.142)
0 [0, 2.00]

0.202 (0.551)
0 [0, 4.00]

115 (14.6)

10.4 (7.70)
8.76 [0.521, 40.0]

139 (17.7)

<0.001

0.98

0.13

<0.001

<0.001

0.08

0.006

<0.001

<0.001

<0.001



0
1-4
>=5
Number of days with insurance
claim prior to OD
Mean (SD)

Median [Min, Max]
Number of inpatient claims prior
to OD, No. (%)
0 Visits
1-4 Visits
5+ Visits
Number of outpatient claims prior
to OD, No. (%)
0 Visits
1-4 Visits
5+ Visits
Substance use diagnoses, No. (%0)
Alcohol use disorder
Drug use disorder
Medication for Opioid Use Disorder
(MOUD)
Opioid use diagnosis or procedure
Tobacco use disorders
Mental health diagnoses, No. (%)
ADHD and other conduct disorders
Anxiety
Bipolar
Depressive disorders
Personality disorders
Post-traumatic stress disorder
Schizophrenia and other psychotic
disorders
Disability-related conditions, No.
(%)
Epilepsy
Mobility impairments
Pain diagnoses, No. (%0)
Fibromyalgia, chronic pain, fatigue
Migraine
Chronic conditions, No. (%)

76 (34.7)
25 (11.4)
32 (14.6)

7.00 (6.53)

5.00 [0, 36.0]

106 (48.4)
96 (43.8)
17 (7.8)

16 (7.3)
105 (47.9)
98 (44.7)

90 (41.1)
208 (95.0)

50 (22.8)

202 (92.2)
175 (79.9)

30 (13.7)
174 (79.5)
128 (58.4)
172 (78.5)
46 (21.0)
55 (25.1)

62 (28.3)

33 (15.1)
11 (5.0)

159 (72.6)
41 (18.7)

55

218 (27.7)
94 (11.9)
336 (42.7)

8.67 (7.80)

7.00 [0, 63.0]

287 (36.5)
406 (51.6)
94 (11.9)

70 (8.9)
289 (36.7)
428 (54.4)

237 (30.1)
712 (90.5)

62 (7.9)

692 (87.9)
581 (73.8)

54 (6.9)
614 (78.0)
332 (42.2)
659 (83.7)
104 (13.2)
108 (13.7)

234 (29.7)

173 (22.0)
99 (12.6)

671 (85.3)
117 (14.9)

0.001

0.004

0.01

0.002
0.05

<0.001

0.09
0.08

0.002
0.72
<0.001
0.09
0.001
<0.001

0.74

0.03
0.002

<0.001
0.20



Acquired hypothyroidism 34 (15.5) 171 (21.7) 0.05
Anemia 63 (28.8) 436 (55.4) <0.001

Asthma 55 (25.1) 208 (26.4) 0.76
Chronic kidney disease 76 (34.7) 477 (60.6) <0.001
Congestive heart failure 34 (15.5) 350 (44.5) <0.001

Chronic Obstructive Pulmonar

Disease (COPD))I 70 (32.0) 457 (58.1) <0.001
Diabetes 53 (24.2) 361 (45.9) <0.001
Hyperlipidemia 57 (26.0) 339 (43.1) <0.001
Hypertension 117 (53.4) 588 (74.7) <0.001
Ischemic heart disease 57 (26.0) 408 (51.8) <0.001

Liver disease 42 (19.2) 237 (30.1) 0.002

Obesity 65 (29.7) 306 (38.9) 0.02
Peripheral vascular disease 18 (8.2) 189 (24.0) <0.001
Pressure ulcers and chronic ulcers 16 (7.3) 212 (26.9) <0.001
Rheumatoid arthritis / osteoarthritis 87 (39.7) 430 (54.6) <0.001

Viral hepatitis 74 (33.8) 237 (30.1) 0.34

Table A2.5. Nonelderly Duals with Known vs. Unknown Causes of Death among Those Who
Died within 12 Months of Opioid Overdose

Age (Years)
Mean (SD) 51.2 (9.62) 50.9 (10.1) 0.56
Median [Min, Max]  53.0 [21.0, 64.0] 53.0 [22.0, 64.0]
Male sex, No. (%) 461 (45.8) 266 (47.9) 0.46
Race, No. (%)
Non-Hispanic White 787 (78.2) 424 (76.4) 0.85
Black or African American 114 (11.3) 68 (12.3)
Hispanic 76 (7.6) 44 (7.9)
Other 29 (2.9) 19 (3.4)
Census region, No. (%0)
Midwest 247 (24.6) 142 (25.6) 0.74
Northeast 276 (27.4) 138 (24.9)
South 295 (29.3) 170 (30.6)
West 188 (18.7) 105 (18.9)
County description, No. (%)
Metro 801 (79.6) 410 (73.9) 0.02
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Urban
Rural or missing
Buprenorphine distributed (3-
digit zip code level), No. (%)
First quartile
Second quartile
Third quartile
Fourth quartile
Number of opioid overdoses in
previous 6 months
Mean (SD)
Median [Min, Max]
Subsequent opioid overdoses
Mean (SD)
Median [Min, Max]
Heroin indicated in index OD,
No. (%)
Years under disability
insurance
Mean (SD)
Median [Min, Max]
Elixhauser score, No. (%0)

Number of days with
insurance claim prior to OD
Mean (SD)
Median [Min, Max]
Number of inpatient claims
prior to OD, No. (%)
0
1-4
5+
Number of outpatient claims
prior to OD, No. (%)
0
1-4
5+
Substance use diagnoses, No.
(%)

182 (18.1)
23 (2.29)

127 (12.6)
247 (24.6)
288 (28.6)
344 (34.2)

0.0268 (0.205)
0 [0, 3.00]

0.230 (0.568)
0 [0, 4.00]

219 (21.8)

10.0 (7.46)
8.33 [0.510, 40.0]

225 (22.4)
294 (29.2)
119 (11.8)
368 (36.6)

8.31 (7.57)
6.00 [0, 63.0]

393 (39.1)
502 (49.9)
111 (11.0)

86 (8.5)
394 (39.2)
526 (52.3)
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128 (23.1)
17 (3.06)

89 (16.0)
121 (21.8)
157 (28.3)
188 (33.9)

0.00901 (0.0946)
0 [0, 1.00]

0.207 (0.533)
0 [0, 5.00]

113 (20.4)

10.6 (7.79)
9.02 [0.507, 41.8]

117 (21.1)
149 (26.8)
81 (14.6)
208 (37.5)

8.74 (9.14)
6.00 [0, 105]

236 (42.5)
259 (46.7)
60 (10.8)

65 (11.7)
183 (33.0)
307 (55.3)

0.24

0.02

0.44

0.56

0.20

0.36

0.34

0.40

0.02



Alcohol use disorder
Drug use disorder
Medication for Opioid Use
Disorder (MOUD)
Opioid use disorder (MAT, Dx,
or ED)
Opioid use diagnosis or
procedure
Opioid use emergency
department or hospitalization
Tobacco use disorders
Mental health diagnoses, No.
(%)
ADHD and other conduct
disorders
Anxiety
Autism
Bipolar
Depressive disorders
Personality disorders
Post-traumatic stress disorder
Schizophrenia and other
psychotic disorders
Disability-Related Conditions,
No. (%)
Cerebral palsy
Epilepsy
Mobility impairments
Multiple sclerosis and transverse
myelitis
Muscular dystrophy
Sensory - deafness and hearing
impairment
Sensory - blindness and visual
impairment
Spina bifida and other congenital
anomalies of the nervous system
Spinal cord injury
Traumatic brain injury and
nonpsychotic mental disorders
due to brain damage
Pain diagnoses, No. (%)

327 (32.5)
920 (91.5)

112 (11.1)
NAL
894 (88.9)

NA?
756 (75.1)

84 (8.4)

788 (78.3)
NA?
460 (45.7)
831 (82.6)
150 (14.9)
163 (16.2)

296 (29.4)

NA?
206 (20.5)
110 (10.9)

19 (1.9)
NA?
41 (4.1)

21 (2.1)
NA?

45 (4.5)

19 (1.9)
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182 (32.8)
495 (89.2)

51 (9.2)
NAL
474 (85.4)

NA!
413 (74.4)

48 (8.6)

417 (75.1)
NA?
236 (42.5)
448 (80.7)
89 (16.0)
98 (17.7)

158 (28.5)

NAL
107 (19.3)
72 (13.0)

18 (3.2)
NAL
26 (4.7)
NAL
NAL

19 (3.4)

NA?

0.95
0.17

0.27

0.50

0.06

0.75
0.80

0.91
0.17

0.24
0.39
0.61
0.51

0.73

0.62
0.26

0.13

0.66

0.84

0.39

0.66



Fibromyalgia, chronic pain,
fatigue
Migraine

Chronic conditions, No. (%)
Acquired hypothyroidism
Acute myocardial infarction
Alzheimer's disease and related
disorders or senile dementia
Anemia
Asthma
Atrial fibrillation
Benign prostatic hyperplasia
Cataract
Chronic kidney disease
COPD
Congestive heart failure
Diabetes
Glaucoma
Hip/pelvic fracture
HIV
Hyperlipidemia
Hypertension
Ischemic heart disease
Liver disease
Obesity
Osteoporosis
Peripheral vascular disease
Pressure ulcers
Rheumatoid arthritis
Stroke / transient ischemic attack
Viral hepatitis

Other developmental delays,

No. (%)

Cystic fibrosis; other metabolic
developmental disorders
Intellectual disabilities; related
conditions
Learning disabilities
Other developmental delays

1 Cells with values less than 11 suppressed in accordance with CMS policy to protect

confidentiality of beneficiaries.

830 (82.5)
158 (15.7)

205 (20.4)
34 (3.4)

151 (15.0)

499 (49.6)
263 (26.1)
60 (6.0)
55 (5.5)
71 (7.1)
553 (55.0)
527 (52.4)
384 (38.2)
414 (41.2)
17 (1.7)
14 (1.4)
51 (5.1)
396 (39.4)
705 (70.1)
465 (46.2)
279 (27.7)
371 (36.9)
64 (6.4)
207 (20.6)
228 (22.7)
517 (51.4)
89 (8.8)
311 (30.9)

48 (4.8)
NA?

NA?
NA?
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442 (79.6)
95 (17.1)

101 (18.2)
20 (3.6)

71 (12.8)

262 (47.2)
153 (27.6)
19 (3.4)
32 (5.8)
33 (5.9)
272 (49.0)
285 (51.4)
194 (35.0)
204 (36.8)
12 (2.2)
NAL
25 (4.5)
204 (36.8)
375 (67.6)
224 (40.4)
144 (25.9)
189 (34.1)
39 (7.0)
107 (19.3)
127 (22.9)
292 (52.6)
43 (7.7)
153 (27.6)

23 (4.1)

11 (2.0)

NA?
NA?

0.18
0.51

0.33
0.93

0.26

0.39
0.58
0.04
0.90
0.46
0.03
0.74
0.23
0.10
0.64

0.71
0.34
0.33
0.03
0.48
0.29
0.69
0.59
0.97
0.68
0.51
0.18

0.66

0.11

0.59
0.99



Table A2.6. Complete Characteristics Associated with 12-Month All-Cause Mortality among
Nonelderly Duals Following a Nonfatal Opioid Overdose, Fixed Effects of State vs. Clustered
Standard Error

Characteristic Point Std. P Value Point Std. P Value
Estimate Error Estimate Error

Age (Years) 0.021 0.004 <0.001 0.020 0.004 <0.001

Sex (Ref: Female) 0.243 0.066 <0.001 0.237 0.064 <0.001

Race (Ref: Non-Hispanic

White)

Black or African American  -0.246 0.094 0.009 -0.231 0.081 0.004
Hispanic  -0.005 0.110 0.966 -0.028 0.087 0.749

Other  0.024 0.166 0.883 -0.053 0.158 0.736

Number of opioid
overdoses in previous 6

months 0.441 0.181 0.015 0.438 0.189 0.021
Heroin indicated in index

oD 0.224 0.085 0.008 0.234 0.074 0.002
Years under disability

insurance (Years) -0.015 0.004  <0.001 -0.015 0.004 <0.001
Elixhauser score 0.022 0.005 <0.001 0.023 0.004 <0.001

Number of inpatient
claims prior to OD (Ref:
0 Visits)
1-4 Visits ~ 0.410 0.066  <0.001 0.410 0.062 <0.001
5+ Visits  0.790 0.116 = <0.001 0.787 0.092 <0.001
Number of outpatient
claims prior to OD (Ref:

0 visits)
1-4 Visits  0.070 0.101 0.490 0.075 0.109 0.494
5+ Visits  -0.028 0.103 0.784 -0.033 0.122  0.787
Emergency department
type (Ref: Outpatient) 0.073 0.068 0.283 0.080 0.058  0.169

Discharge Group (Ref:
Discharged to home)
Discharged to another
facility  0.187 0.083 0.024 0.188 0.096  0.052
Discharge - other ~ 0.286 0.074 <0.001 0.277 0.062  <0.001
Substance use diagnoses
Alcohol use disorder  -0.063 0.068 0.354 -0.076 0.085 0.373
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Drug use disorder  -0.262 0.149 0.079 -0.276 0.136 0.042
Medication for Opioid Use
Disorder (MOUD)  -0.261 0.098 0.008 -0.251 0.082 0.002
Opioid use diagnosis or
procedure  0.500 0.135 <0.001 0.499 0.117 <0.001
Tobacco use disorders  0.037 0.071 0.599 0.039 0.067 0.559
Mental health diagnoses
ADHD and other conduct
disorders ~ -0.330 0.103 0.001 -0.337 0.099 0.001
Anxiety  0.012 0.077 0.874 0.022 0.050 0.661
Bipolar  0.064 0.066 0.331 0.068 0.062 0.275
Depressive disorders ~ -0.102 0.082 0.214 -0.101 0.087 0.245

Personality disorders ~ -0.008 0.086 0.929 -0.018 0.105 0.864
Post-traumatic stress
disorder  -0.130 0.082 0.112 -0.138 0.085 0.107

Schizophrenia and other
psychotic disorders ~ -0.019 0.069 0.789 -0.014 0.076 0.857
Pain diagnoses
Fibromyalgia, chronic
pain, fatigue  0.203 0.082 0.014 0.209 0.081 0.009
Migraine  -0.175 0.079 0.026 -0.174 0.070 0.013
Chronic conditions
Alzheimer's disease and
related disorders or senile
dementia  0.162 0.088 0.067 0.158 0.087 0.069
Acute myocardial
infarction 0.266 0.173 0.124 0.273 0.147 0.064
Anemia  0.038 0.065 0.557 0.030 0.070 0.673
Asthma  -0.132 0.068 0.053 -0.131 0.063 0.037
Atrial fibrillation ~ -0.165 0.140 0.238 -0.154 0.174  0.374
Cataract  -0.206 0.115 0.073 -0.224 0.147 0.128
Congestive heart failure ~ 0.352 0.073  <0.001 0.355 0.070 <0.001
Chronic kidney disease = 0.309 0.067  <0.001 0.300 0.066  <0.001
Chronic Obstructive
Pulmonary Disease
(COPD)  0.258 0.069  <0.001 0.270 0.069 <0.001

Diabetes  -0.057 0.069 0.406 -0.052 0.066 0.430

Viral hepatitis  0.073 0.071 0.300 0.074 0.068 0.277

Hip/pelvic fracture ~ -0.038 0.255 0.883 -0.019 0.247 0.938
Human

Immunodeficiency Virus

and/or Acquired

Immunodeficiency
Syndrome (HIV/AIDS)  0.229 0.140 0.102 0.210 0.162 0.195
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Hyperlipidemia  -0.415 0.069 <0.001 -0.411 0.060 <0.001
Benign prostatic
hyperplasia  -0.038 0.134 0.779 -0.054 0.168 0.747
Hypertension  -0.097 0.074 0.187 -0.088 0.069 0.205
Acquired hypothyroidism  0.055 0.076 0.469 0.047 0.072 0.514
Ischemic heart disease 0.229 0.068 0.001 0.235 0.066  <0.001
Liver disease  0.276 0.072 <0.001 0.276 0.063  <0.001
Obesity  -0.076 0.067 0.257 -0.083 0.055 0.134
Osteoporosis = -0.055 0.118 0.639 -0.074 0.101 0.459
Peripheral vascular disease ~ 0.040 0.083 0.633 0.040 0.075 0.594
Rheumatoid arthritis /
osteoarthritis ~ -0.305 0.065 <0.001 -0.297 0.068 <0.001
Stroke / transient ischemic
attack  0.005 0.107 0.966 0.001 0.073 0.985
Pressure ulcers and chronic
ulcers 0.320 0.079
State
Alaska  -0.415 0.548
Arizona  0.149 0.394
Arkansas 0.835 0.379
California  -0.191 0.269
Colorado  -0.052 0.343
Connecticut 0.009 0.352
Florida -0.234 0.304
Georgia  -0.288 0.367
Idaho  -0.048 0.411
Illinois  -0.100 0.294
Indiana  0.199 0.297
lowa -0.441 0.401
Kansas -0.154 0.402
Kentucky  -0.229 0.345
Louisiana  -0.618 0.399
Maine  -0.432 0.381
Maryland  -0.006 0.313
Massachusetts  -0.104 0.273
Michigan ~ 0.033 0.276
Minnesota  -0.457 0.345
Mississippi ~ 0.293 0.371
Missouri  -0.185 0.304
Nebraska  0.273 0.403
Nevada  0.034 0.497
New Hampshire  -0.585 0.537
New Jersey  -0.167 0.304




New Mexico  -0.008 0.408 0.985
New York  -0.173 0.285 0.542
NorthCarolina  0.087 0.282 0.758
Ohio  0.209 0.306 0.495
Oklahoma  -0.300 0.305 0.326
Oregon  -0.108 0.402 0.788
Pennsylvania  -0.042 0.280 0.880
Rhodelsland 0.198 0.410 0.629
SouthCarolina  0.092 0.318 0.772
SuperState  -0.381 0.368 0.301
Tennessee  -0.095 0.310 0.760
Texas  0.006 0.317 0.985

Utah  -0.280 0.429 0.514

Vermont  -0.092 0.469 0.845
Virginia  0.236 0.342 0.491
Washington  -0.174 0.329 0.597
WestVirginia  -0.047 0.375 0.900
Wisconsin =~ -0.297 0.319 0.352
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Paper 2. Medication for Opioid Use Disorder and 12-Month Mortality among Nonelderly
Dually Eligible Medicare and Medicaid Beneficiaries

ABSTRACT

Objective. To compare the 12-month post-overdose mortality rates of dually eligible Medicare
and Medicaid beneficiaries under the age of 65 who have received medication for opioid use
disorder (MOUD) in the 12 months prior to a nonfatal opioid overdose (OD) with those who have
either no history of MOUD treatment or evidence of treatment only more than 12 months prior to
OD.

Methods. I linked Medicare and Medicaid claims data from 2013-2017 in this observational cohort
study to identify nonfatal opioid overdoses, MOUD treatment, and deaths within 12 months. | used
propensity score methods to adjust for numerous characteristics, and to compare 12-month
mortality rates by use of MOUD and stratified by sex and health status.

Results. Of the 14,420 beneficiaries in this study cohort, 14.5% (n = 2,095) had used MOUD in
the 12 months prior to the OD. Active MOUD was associated with lower rates of 12-month
mortality among men (13.2% vs. 8.0% among active MOUD; 5.2 [95% CI: 2.2, 8.0] percentage
points). Mortality rates were not significantly different between MOUD groups among women
(@aHR: 1.27; 95% CI: 0.95,1.59) and sicker beneficiaries (aHR: 1.26; 95% CI: 0.90,1.62).

Conclusions. Active MOUD, a well-established standard of care for opioid use disorder, was
rarely used by beneficiaries in this study cohort. | found mixed results on the association between
active MOUD and mortality by sex and level of health.

Policy implications. Engagement strategies and post-overdose care need to take into consideration
differences between groups that influence receipt, acceptance, and effectiveness of care.
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INTRODUCTION

In 2016, Medicare and Medicaid were the primary payers for over 50% of the almost two
hundred thousand emergency department visits for opioid overdoses in the United States.™® The
significant subpopulation of beneficiaries under the age of 65 who are eligible for both Medicare
and Medicaid (nonelderly duals) have many risk factors for opioid overdose and death. Medicare
is available to individuals prior to the usual age of eligibility (65) who have certain qualifying
disabilities that prevent them from working but have 24 months of work history, or who have end-
stage renal disease. Qualifying conditions include disabilities that cause chronic pain (e.g., back
injuries and severe arthritis) and severe mental health disorders (e.g., major depressive disorder),
well-known risk factors for opioid misuse. Medicare beneficiaries under the age of 65 may also be
eligible for Medicaid benefits if they need assistance paying the monthly premium for Medicare
(or other cost-sharing responsibilities) or if they need care beyond what is covered by Medicare
(such as long-term services and supports). Nonelderly duals are an extremely vulnerable
population: many have complicated medical needs but they cannot afford their care.

Unlike many others who experience opioid overdose (OD), nonelderly duals have
comprehensive health insurance that may facilitate their access to medication to opioid use
disorder (MOUD; methadone, buprenorphine, or naltrexone), widely considered to be the standard
of care for opioid use disorder (OUD). Prescription drug coverage is part of regular coverage for
Medicaid beneficiaries, and nonelderly duals may also have Medicare Part D coverage. MOUD
may be delivered as an inpatient or outpatient procedure. All state Medicaid programs cover at
least one medication, and Medicare covers all three. Despite this promise of comprehensive
treatment for OUD, previous studies have found that Medicare and Medicaid beneficiaries do not

have adequate access to MOUD, nor is it of sufficient duration when prescribed.28°
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Nonelderly duals face barriers to MOUD related to both their physical health and
socioeconomic status. Health care providers may be reluctant to prescribe MOUD to nonelderly
duals, who often have multiple chronic conditions. Among nonelderly duals, OUD is often a
secondary diagnosis, a distinction that is associated with lower chances of being treated with
MOUD.® A physician may choose to prioritize treatment for another condition because it is
clinically dominant, such as heart failure, or is highly symptomatic, such as fibromyalgia. Or, as
OUD is not an eligible qualifying disability for SSI and SSDI, treatment may be prioritized for the
qualifying disability. Additionally, physicians may be unwilling to risk drug interactions between
MOUD and heart medications, antiretrovirals, antidepressants, and others.®” They may have biases
about medication adherence, which they may believe would be low due to co-occurring mental
illness or other substance use disorders.”® Compared to their Medicare-only peers, nonelderly duals
are a more racially diverse and less educated population.® Barriers to MOUD related to
socioeconomic status may also include racial discrimination, travel burden, and stigma.®:8°

People with OUD are at risk of death both from overdose and death from other causes, in
part because long-term opioid misuse damages many organ systems. The 12 months following an
opioid overdose are a time of particularly high risk of death from subsequent opioid overdose and
other causes.'*'®% Nonelderly duals face unique risk factors to both opioid overdose and
subsequent mortality, but are an understudied population. | seek to compare the 12-month post-
overdose mortality rates of beneficiaries who have received MOUD in the 12 months prior to the
overdose, and thus have evidence of recent MOUD treatment, with those who have either no
history of MOUD treatment or evidence of treatment only more than 12 months prior to OD. |
expect to find that nonelderly duals with active MOUD engagement in the 12 months prior to the

OD will have better mortality outcomes than those with inactive MOUD. The factors that influence
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use of MOUD, such as the severity of comorbidities, may result in biased results in analyses of
effectiveness of MOUD among nonelderly duals. Therefore, | use propensity score methods to
minimize confounding that arises from these differences in observable characteristics.
METHODS

Use of these data was approved by the Centers for Medicare and Medicaid Services. The
University of Chicago Institutional Review Board determined this research was exempt from
informed consent.
Data sources

| linked Medicare and Medicaid data from 2013-2017 in this study to identify eligible
beneficiaries, opioid overdoses, diagnoses, MOUD, and health care utilization in the 12 months
prior to overdose. From Medicare, | used data from the Master Beneficiary Summary File, Chronic
Conditions File, Other Chronic Conditions File, Medicare Provider Analysis and Review
(MedPAR) and Outpatient Fee-for-Service (FFS) Files (all years: nationwide, 100%). From
Medicaid, I used the Other Services Files and Prescription Files (2013: 28 states, 100%; 2014: 17
states, 100%; 2015-2017: nationwide, 100%). All Medicaid files for 2013 and 2014 were
Medicaid Analytic eXtract (MAX) data. In 2015, 28 states were MAX data and the rest were
Transformed Medicaid Statistical Information System Analytic Files (TAF), and in 2016, all were
TAF.

| approximated local accessibility of buprenorphine using the Automation of Reports and
Consolidated Orders System (ARCOS) Retail Drug Summary Reports for 2014-2016. These
annual Drug Enforcement Administration reports disclose the amount of buprenorphine distributed
to geographic locations at a 3-digit zip code level.®*

Participants
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Nonelderly duals eligible for this study survived a nonfatal opioid overdose between
January 1, 2014 and December 31, 2016. Codes to capture nonfatal opioid overdose prior to
October 1, 2015, were drawn from the International Statistical Classification of Diseases and
Related Health Problems, Ninth Revision, Clinical Modification (ICD-9-CM): 965.00-965.02,
965.09, E85.00-E85.02, and E93.50-E93.52. CMS switched to ICD-10-CM on October 1, 2015.
Thus, ICD-10-CM codes T40.0-T40.4, and T40.6 were used to identify opioid overdoses on or
after this date. These overdose codes include poisonings from opiates and related narcotics, heroin,
and methadone. The study index date was the discharge date of the first opioid overdose that
occurred in the study period.

| excluded beneficiaries under 21 or over 64, those who did not qualify for Medicare based
on disability, and those with cancer diagnoses in the year of the overdose. | removed nonelderly
duals who did not live in the 50 states or DC at the time of the overdose. | excluded those who
were not full duals with fee-for-service only coverage (i.e., those with health maintenance
organization plans) for the 12 months prior to the overdose and 12 months following (or until
death). I excluded beneficiaries who died within 2 days of discharge from the index overdose
event.

Outcome

Death within 12 months of the index overdose date was the primary dependent variable in
this study. I determined days to death using the validated date of death in the Master Beneficiary
Summary File and the discharge date for the index overdose date.

Study variables
Beneficiaries were classified as having active MOUD if they had any claims with codes

for MOUD in the 12 months prior to the index overdose. | classified procedures and prescriptions
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as MOUD using the algorithm provided by the Chronic Conditions Warehouse (Appendix 3) in
the MedPAR and Outpatient FFS claims data (Medicare) and the Prescription and Other Services
Files (Medicaid). | also identified beneficiaries as having active MOUD if the date of first
diagnosis was within 12 months of the index date, or if the beneficiary had an indicator for active
MOUD (both variables found in the Medicare Other Chronic Conditions File). Beneficiaries with
MOUD activity indicated prior to or following the study period only, or with no MOUD activity
indicated ever, were classified as having inactive MOUD.

| used the R package “comorbidity” to calculate Van Walraven weighted Elixhauser scores
for each beneficiary.% Elixhauser scores have been found to have good predictive validity of short-
term mortality.®>% Higher Elixhauser scores indicate greater comorbidity.

Propensity scores and weights were created based on characteristics present at the time of
the overdose. | classified the 816 “crossover” beneficiaries, i.e., those who initiated MOUD in the
12 months following the overdose, with those had active MOUD at the time of the overdose, and
censored them in survival analyses at the time of MOUD initiation. | conducted several sensitivity
analyses (described below) to examine the possible bias introduced by this decision.

Propensity score analysis

| used propensity score methods to balance the study population prior to analyzing
mortality rates to control for the significant differences in observable characteristics between the
active MOUD and inactive MOUD beneficiaries. Propensity score weights allow a quasi-
experimental approach to observational data because they balance the distribution of covariates
between the treatment groups, thus mimicking randomization.

| chose propensity score weights over including the score in a regression model or matching

or stratifying based on the score because it allows the inclusion of all beneficiaries in the analysis.

69



Further, using weights instead of including the propensity score in the regression model allowed a
check of the balance of the groups.

| used 38 variables (those in Table 1, with the exclusion of time to OUD prior to OD) in a
logistic regression model to model the probability of having active MOUD in the 12 months prior
to the overdose, i.e., to create a propensity score (P). Variables in this model included age, sex,
race, Elixhauser score, known prior opioid overdoses, and several preexisting conditions. | used
the propensity score to derive individual overlap weights, a method of weighting in which each
beneficiary with inactive MOUD received a weight of 1, and each beneficiary with active MOUD
received a weight of 1 — P. | used overlap weights because the groups had large differences in
covariates, and standard propensity score weighting predicted extreme weights. Overlap weights
have also been found to be robust in small populations,® and receipt of MOUD was rare.
Beneficiaries near the maximum overlap (weights approaching 1) are rewarded, and those with an
extreme propensity score at the boundaries (weights approaching 0) are penalize. The advantage
of this approach is stability and low variance of the overlap weights.

| determined unweighted and weighted 12-month mortality rates by MOUD status. | also
compared 12-month mortality rates by MOUD status using Cox proportional hazards survival
analyses. | checked for proportional hazards using the unweighted data, as the test is not available
using weights. | censored crossover beneficiaries at the time of MOUD initiation. Finally, 1
completed these analyses stratified by Elixhauser score (high score, i.e., sicker beneficiaries, and
low score, e.g., healthier beneficiaries) and sex.

Life course theory and fundamental cause theory contributed to the choice of propensity
score methods as well as the groups for stratification. Specifically, according to life course theory,

the timing of life transitions and events affects outcomes. Therefore, the physical and mental
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conditions that a person has indicated at the time of the overdose may provide key insight into the
classification of a person as active or inactive MOUD. The ability to access and maintain MOUD
may be influenced by socioeconomic factors, such as having access to providers and overcoming
racial and gender biases.

| computed the E-value using the “EValue” R package.®® This parameter describes the
degree of unmeasured confounding that would be necessary to explain the association between
MOUD and mortality. E-values are evaluated based on the magnitude of other covariates in a
regression model. An E-value that is higher than the adjusted covariates indicate a more robust
association between the exposure and outcome, as it suggests that a significant amount of
confounding would need to be included to subvert the results.
Sensitivity analyses

In the primary analysis, | classified beneficiaries who initiated MOUD within 12 months
following the overdose (crossover beneficiaries) as having active MOUD when 1 calculated the
propensity score. Because propensity scores and weights were determined based on characteristics
present at the time of the overdose, this may have introduced bias, as a beneficiary may have
different diagnoses at the time of initiating MOUD. | compared the crossover beneficiaries with
the active MOUD and inactive MOUD groups, and determined crossover beneficiaries were more
similar to the active MOUD than inactive MOUD group (Appendix 4, Tables A4.1 and A4.2). |
assessed the sensitivity to the classification of crossover beneficiaries by completing two
additional analyses: in one, | assigned half of the beneficiaries to the active MOUD group and half
to the inactive MOUD group, and in the second, | excluded all crossover beneficiaries. For each
assessment, | determined unweighted 12-month mortality rates and compared results to the

primary analysis.
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To assess the sensitivity of this propensity score method, | used the “PSweight” package
in R to create inverse probability of treatment weights, matching weights, and entropy weights®’
and assessed balance with these weights. Finally, | used the “Matchlt” package in R to estimate
12-month mortality rates using datasets that were matched on propensity scores with 1:1 Nearest
Neighbor and full matching.Ho, Imai, King, Stuart % | determined 12-month mortality rates and
hazard ratios for the overall study cohort and stratified by sex and Elixhauser score using both
methods of propensity score matching for each group. Groups were evaluated on the standardized
mean difference, and considered balanced if the difference between covariates was less than 0.1.%°
RESULTS

Of the 14,420 beneficiaries in this study cohort, 14.5% (n = 2,095) had used MOUD in the
12 months prior to the OD, and an additional 5.7% (n = 816) initiated MOUD within 12 months
following the OD. In total, 20.2% (n = 2,911) beneficiaries were classified as having active MOUD
in the creation of propensity scores and weights.

Beneficiary characteristics

Beneficiaries who had active MOUD differed in many regards from their inactive MOUD
peers (Table 4). Active MOUD beneficiaries were younger on average (43.4 vs. 49.6 years old),
and did not have as many indicators of serious comorbidities. Less than 25% of beneficiaries who
had active MOUD had Elixhauser scores over 1, compared with almost 40% among those who did
not have active MOUD. Serious physical comorbidities, including chronic obstructive pulmonary
disorder, congestive heart failure, and chronic kidney disease, were more common among those
who did not have active MOUD than those who did (40.1% vs. 25.7%, 23.9% vs. 11.2%, and

38.7% vs. 24.3%, respectively).
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More active MOUD beneficiaries had indicators of a history of substance misuse: almost
17% of Active MOUD beneficiaries had known prior opioid overdoses, compared with 10% in the
Inactive MOUD group. About 50% of those who had active MOUD had been diagnosed with
alcohol use disorder, versus 26% among those with inactive MOUD. Most beneficiaries had an
OUD diagnosis prior to the index event: 88.6% of active MOUD and 55.1% of Inactive MOUD
beneficiaries had diagnoses prior to the OD, and for each group, beneficiaries had been diagnosed
on average more than 4 years prior to the event (4.73 years for the active MOUD group and 4.24
years for the inactive MOUD group).

Table 4. Differences in Characteristics and Comorbidities of Nonelderly Duals by MOUD Status
at the Time of Nonfatal Opioid Overdose

Active Inactive Active Inactive
MOUD MOUD MOUD MOUD
(n=2911) (n=11509) (n=2911) (n=11509)
Age, mean, years 43.4 49.6 45.5 45.5
Female (%) 49.9 61.3 52.3 52.3
Race/ethnicity (%0)
Non-Hispanic White 78.6 75.5 77.3 77.3
Black or African American 9.8 135 11.6 11.6
Other 11.6 11.0 11.1 11.1
Census region (%)
West 13.7 20.0 16.4 16.4
Midwest 19.3 26.5 22.4 22.4
Northeast 50.5 24.0 41.0 41.0
South 16.5 29.5 20.2 20.2
Tlme under disability 8.6 105 92 9.2
insurance, mean, years
Elixhauser score (%0)
<0 49.5 22.4 40.4 40.4
0 27.5 39.0 32.0 32.0
1-4 9.7 12.0 10.6 10.6
>=5 13.4 26.6 17.0 17.0
,(6(;23/ known prior opioid OD 165 101 145 145
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Known opioid OD in 6 months
prior (%)

Time to OUD diagnosis prior to

-4.73 -4.24
OD, mean, years?
No diagnosis prior to OD (%) 114 44.9
Buprenorphine distributed, 3-
digit zip code level (%)
First Quartile (Lowest) 7.8 16.6 10.0 10.0
Second Quartile 16.8 24.1 20.0 20.0
Third Quartile 22.2 29.3 245 24.5
Fourth Quartile (Highest) 53.2 30.0 45.5 45.5
No inpatient claims 6 months
prior?o oD (%) 52.0 57.4 55.0 55.0
Number of serious chronic
conditions® (%)
0-1 59.6 39.9 53.2 53.2
2-4 34.7 46.5 39.2 39.2
5-8 5.7 13.6 7.6 7.6
Substance use diagnoses (%)
Alcohol use disorder 48.4 26.0 41.7 41.7
Drug use disorder 96.6 83.2 95.1 95.1
Tobacco use disorder 82.1 68.4 79.0 79.0
Number of mental health
diagnoses prior to OD, median® 25 2:2 24 24
Mental health diagnoses (%)
ADHD and other gonduct 290 9.9 174 174
disorders
Anxiety 81.3 74.5 78.6 78.6
Bipolar 60.2 42.6 54.4 54.4
Major depressive disorder 75.5 73.6 74.2 74.2
Personality disorders 23.9 15.2 21.8 21.8
Schlzophrer_ua and_o_ther 314 6.7 299 299
psychotic conditions
Schizophrenia 17.8 15.8
Post-traumatic stress disorder 33.8 18.0 27.3 27.3
Pain diagnoses (%)
Flbromyalgla, chronl_c pain, 645 79.9 706 206
fatigue, or migraine
Chronic conditions (%)
Atrial fibrillation 1.8 3.4 2.2 2.2
Congestive heart failure 11.2 23.9 14.2 14.2
Chronic kidney disease 24.3 38.7 28.6 28.6
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Chronic obstructive pulm.onary 25 7 401 30.3 303
disease
Diabetes 20.2 35.7 24.4 24.4
Human Immunodeficiency Virus
_ and/or Acquired 4.4 3.0 43 43
Immunodeficiency Syndrome
(HIV/AIDS)
Ischemic heart disease 20.6 32.8 24.1 24.1
Obesity 25.2 36.2 28.0 28.0
Osteoporosis 2.8 6.3 3.7 3.7
Rheumatoid
arthritis/Osteoarthritis Skl 558 S i
Viral hepatitis 42.0 19.0 33.8 33.8
4 Missing data (those with no diagnosis at time of OD) precludes inclusion in propensity score
matching
®|iver disease, chronic kidney disease, congestive heart failure, congestive obstructive
pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.
¢ Major depressive disorder, bipolar, anxiety, and/or schizophrenia and other psychotic
conditions.

Fewer beneficiaries in this study cohort were males (39.3%), yet 50.1% of Active MOUD
beneficiaries were male. Many mental health disorders were common among both MOUD groups,
including major depressive disorder, anxiety disorders, and bipolar disorder. Most beneficiaries in
both groups had at least 2 serious mental illnesses. Once adjusted with overlap weights created
using propensity scores, the 2 MOUD groups had the same distribution of characteristics on
average.

Once stratified by gender and adjusted by propensity scores for MOUD, a greater
proportion of men than women had alcohol use disorder (47.1% vs. 36.7%), schizophrenia (22.3%
vs. 13.8%), HIV/AIDS (5.4% vs. 3.2%), and viral hepatitis (38.3% vs. 29.4%). A greater
proportion of women than men had other mental illnesses, including anxiety, bipolar disorder,

major depressive disorder, personality disorders, and post-traumatic stress disorder. Pain
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diagnoses were also more common among women than men. The balance of Elixhauser scores and
the number of serious chronic conditions, measures of overall health, was similar between groups.
Once stratified by Elixhauser scores and adjusted by propensity scores, a greater
proportion of sicker beneficiaries (those with Elixhauser scores greater than 0) than healthier
beneficiaries were women (55.0% vs. 51.1%) and had a recorded opioid OD in the 6 months prior
to the index event (2.5% vs. 1.6%). Most sicker beneficiaries had 2-4 serious chronic conditions
(51.9%), compared with healthier beneficiaries, of whom the most had 0-1 serious chronic
conditions (61.0%). Many beneficiaries in both groups had diagnoses of other substance use
disorders: around 40% had alcohol use disorder and almost 80% had tobacco use disorder.
Appendix tables A5.1-A5.4 show the complete distribution of characteristics of the
stratified groups prior to and following propensity score weighting.
Differences in 12-month mortality
The unadjusted 12-month mortality rate (Table 5) for the inactive MOUD group was 4.2
(95% CI: 3.1, 5.3) percentage points higher than that of the active MOUD group (11.3% vs. 7.1%
for active MOUD group). This did not change significantly after propensity score adjustment: the
mortality rate for those with no MOUD was 3.9 (95% confidence interval [CI]: 2.0, 5.8) percentage
points (pp) higher than that of the active MOUD group (11.3% vs. 7.4% for active MOUD group).
Percentage point differences between the inactive MOUD and active MOUD groups also
did not change significantly after propensity score adjustment in the stratified analyses. For each
group, after adjustment, differences in mortality ranged from 3.4 to 5.2 percentage points. The
difference between the inactive and active MOUD groups was highest among men (5.2 pp, 95%
Cl: 2.2, 8.0). Although the difference was also great among the high Elixhauser group after

adjustment (4.8 pp, 95% CI: 0.6, 9.1), the overlapping confidence intervals between the inactive
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and active MOUD groups suggests MOUD may not do much to improve 12-month mortality
among the sickest beneficiaries. To a lesser extent, the 95% confidence intervals between the active
and inactive MOUD groups also overlapped among women, and the 95% lower limit was close to
0 (3.4 pp, 95% CI: 0.7, 5.9).

Even among beneficiaries with low Elixhauser scores and women, who had the lowest
mortality rates, mortality was still high: over 6% of those with active MOUD, and 10% of those
with inactive MOUD, died within a year.

Table 5. 12-Month Mortality Following Nonfatal Opioid Overdose by Active MOUD Status and
Stratified by Level of Health and Sex.

Inactive MOUD | Active MOUD Percentage Point

Difference

Unadjusted

12-month 11.3(10.8, 11.9) 7.1(6.2,8.1) 4.2 (3.1,5.3)
Overall mortality rate
(N =14420) | Adjusted 12-

month 11.3 (9.8, 12.8) 7.4 (6.2, 8.6) 3.9(2.0,5.8)

mortaliti rate

Unadjusted

12-month 10.1 (9.4, 10.8) 6.5(5.3,7.8) 3.6(2.1,5.0)
Women mortality rate
(N =8504) Adjusted 12-

month 10.2 (8.2,12.1) 6.8 (5.1, 8.4) 3.4(0.7,5.9)

mortality rate

Unadjusted

12-month 13.3 (12.3, 14.3) 7.8(6.4,9.1) 55 (3.9,7.0)
Men mortality rate
(N =5916) Adjusted 12-

month 13.2 (10.8, 15.4) 8.0 (6.1,9.8) 5.2(2.2,8.0)

mortality rate

Elixhauser: | Unadjusted
Low 12-month 8.8(8.1,9.4) 6.2 (5.2,7.2) 2.6 (1.4,3.8)
(N=9309) | mortality rate




Elixhauser: | Adjusted 12-

Low month 10.1 (8.4, 11.7) 6.2 (4.8, 7.5) 3.9(1.8,6.0)
iN = 9309i mortaliti rate
Unadjusted
Elixhauser- 12-mo_nth 15.4 (14.3,16.5) | 10.4 (8.3,12.8) 5.0 (2.4,7.5)
High mo_rtallty rate
(N =5111) Adjusted 12-

month 15.4 (12.1,18.6) | 10.6 (7.8, 13.2) 4.8 (0.6,9.1)
mortality rate

The p-value for the proportional hazards test for the unweighted data was 0.15, but this test
could not be run with the weighted data. After propensity score adjustment, inactive MOUD in the
year prior to OD was a significant risk factor for 12-month mortality among all beneficiaries (Table
6), although to varying degrees. Overall, and in the stratified analyses of men and the low
Elixhauser group, inactive MOUD was a significant risk factor for 12-month mortality (adjusted
hazard ratio [aHR]: 1.31, 95% CI: 1.09, 1.53, p = 0.001; aHR: 1.42, 95% CI: 1.12, 1.72, p = 0.002;
and HR: 1.68, 95% CI: 1.40, 1.96, p < 0.001, respectively). Women and the high Elixhauser group
showed weaker associations between inactive MOUD and 12-month mortality (aHR: 1.27, 95%
Cl: 0.95, 1.59, p = 0.05; aHR: 1.26, 95% CI: 0.90, 1.61, p = 0.12).

Table 6. Propensity Score Adjusted Association between Use of MOUD prior to Nonfatal
Opioid Overdose and 12-Month Mortality

Entire cohort 1.31 (1.09,1.53) 0.001 1.94 (1.40)
Women only 1.27 (0.95,1.59) 0.05 1.85 (1.00)
Men only 1.42 (1.12,1.72) 0.002 2.19 (1.48)
Low Elixhauser score 1.68 (1.40,1.96) <0.001 2.74 (2.14)
High Elixhauser score 1.26 (0.90,1.62) 0.12 1.82 (1.00)

The E-values of active MOUD for the overall cohort, men, and the low Elixhauser groups

were 1.94 (lower CI limit: 1.40), 2.19 (lower CI limit: 1.48), and 2.74 (lower CI limit 2.14). These
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E-values are relatively larger than the HRs for these groups, suggesting that a significant amount
of unmeasured confounding would need to be present to subvert these results. Among women and
the high Elixhauser groups, although the E-values were higher than the HRs, the lower CI limits
were 1.0 for both groups. This indicates there may be factors influencing 12-month mortality that
are not captured in observable characteristics, and that unmeasured confounding may be present.
Sensitivity analysis results

Appendix 6 shows the results of the sensitivity analyses. Whether | grouped 50% of the
crossover beneficiaries in each MOUD group or excluded them, the percentage point difference in
mortality rates for each population (total and stratified by sex and Elixhauser score) decreased, and
the conclusion of the analyses did not change from when 100% of crossover beneficiaries were
grouped with the Active MOUD beneficiaries (Table A6.1).

Finally, I used the “Matchlt” package in R to estimate 12-month mortality rates. | created
datasets for each population that were matched on propensity scores with 1:1 Nearest Neighbor
and full matching (Table A6.2). Each of the datasets was balanced with standardized mean
differences between groups less than 0.10. The 12-month mortality rates and hazard ratios for the
inactive and active MOUD groups were similar to those found using overlap weights.
DISCUSSION

Medicare and Medicaid coverage includes MOUD, generally considered the standard of
care for OUD, yet only 14.5% of the 14,420 nonelderly duals in this study had active MOUD at
the time of the index overdose, with an additional 5.7% initiating MOUD in the 12 months
following the OD. The index overdose was not the first sign of OUD for most beneficiaries in this
study cohort: the majority were first diagnosed with OUD more than 4 years prior to the OD, and,

on average, had been covered by Medicare for over 8 years.

79



As has been found in other studies,” beneficiaries in this cohort who used MOUD had
better health outcomes—in this case, 12-month mortality—than those who did not use it. The
unadjusted 12-month mortality rate of nonelderly duals in the active MOUD group was over 4
percentage points lower than the inactive MOUD group. Beneficiaries with active MOUD were
younger, with fewer serious physical comorbidities, and had a greater presence of other substance
use disorders than those with inactive MOUD. Additionally, men were disproportionately
represented in the active MOUD group. Thus, | used propensity score methods to create balanced
groups to account for the differences in observable characteristics that may have influenced receipt
of MOUD and biased mortality results.

After propensity score adjustments, the 4-percentage-point difference in mortality rates
between the active and inactive MOUD groups remained. In the stratified analyses, | found mixed
evidence of the benefit of MOUD. Among men, there was a 5.2 percentage point difference in
adjusted mortality rates between the MOUD groups. Other studies have found male sex has been
found to be a significant risk factor for mortality following overdose.!*?* Notably, although active
MOUD was associated with lower mortality among men, rates were still high: 8% of men with
active MOUD died within 12 months of the nonfatal overdose. The healthier beneficiaries in the
study—those with low Elixhauser scores—also seemed to benefit from active MOUD. Around 6%
of beneficiaries with active MOUD died within 12 months, 4 percentage points lower than the
inactive MOUD group. Thus, although MOUD is associated with lower mortality among men and
healthier nonelderly duals, it is not panacea. This likely reflects the long period of OUD prior to
the index OD as well as the physical comorbidities present.

Among women and the sicker beneficiaries (high Elixhauser scores), adjusted 12-month

mortality rates between the MOUD groups had overlapping confidence intervals, and thus a less

80



clear association between active MOUD and lower mortality. With the sicker beneficiaries, this is
not an unexpected finding; some people, such as those with congestive heart failure, are likely to
die regardless of any treatment, MOUD or otherwise, they receive.

The finding with women did not have a clear explanation. | found in Study 1 of this
dissertation that just half (51.2%) of all nonelderly duals in the control population (those who
fulfilled all study criteria except did not survive an opioid overdose) were women. \Women
comprise 59.6% of the study cohort who overdosed, yet male sex is associated with increased odds
of dying within 12 months. Slightly more men than women in the study cohort have a history of
opioid OD (18% versus 15%), and of those who were diagnosed with OUD prior to the index OD,
on average, men in both the inactive and active MOUD groups had been diagnosed for longer than
women in either group prior to the index OD (4.5 years versus 4.1 years among active MOUD,
and 3.1 years versus 2.8 years among inactive MOUD). The overrepresentation of men in the study
cohort who received MOUD, therefore, may reflect longer known history of opioid misuse.
However, this does not explain why active MOUD would not be associated with lower 12-month
mortality rates among women. The male and female propensity-score-adjusted groups were similar
on indicators of disease severity and serious comorbidities. As | did not study treatment retention,
it is possible that there were differences in the length of engagement that affected mortality. Other
studies have found differences between women and men in MOUD initiation and retention. Marsh,
Amaro, Kong, Khachikian, Guerrero “¢ found that compared to men, women spent longer on
waitlists for outpatient methadone clinics, but were more likely to stay in treatment.

The E-value for the hazard ratio for mortality rates among women has a lower confidence
interval of 1.0, suggesting there may be unmeasured confounders that are affecting these findings.

Given the high prevalence of pain diagnoses among women in this study, as well evidence from
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as other studies examining gender differences,® | hypothesize that women in this study cohort
may be using misusing medical prescription opioids and men may be misusing heroin. In the
general U.S. population, as many as 58% of those who misuse prescription opioids use their own
prescribed opioids, and cite pain relief as the most common reason for misuse.

In a national study, it was found that less than 40% of those with a dual mental health
diagnosis received MOUD.*® In this study, over 80% of nonelderly duals in both groups had
depression, which, if treated with antidepressants, holds risk of dangerous interactions with
MOUD.®" Almost 5% of nonelderly duals who used MOUD had HIVV/AIDS, even though antivirals
also are known to interact with MOUD. This suggests concerns about drug interaction may be
overridden by other factors. For instance, about 17% of nonelderly duals with active MOUD had
a known prior OD, compared with 10% of those with inactive MOUD. This may reflect a sense of
urgency on the part of physicians in encouraging beneficiaries with overdose histories to use
MOUD.

Over 50% of beneficiaries with active MOUD live in the Northeast Region. Receipt of
MOUD may reflect acceptability in a geographic location, which may reduce stigma and increase
beneficiary motivation. A study placed in Massachusetts found that 26% of the population had
received MOUD in the 12 months prior to nonfatal OD, and 30% received MOUD following the
overdose.’

STRENGTHS AND LIMITATIONS

To my knowledge, this study is the first to study the use of MOUD and its associations
with mortality among nonelderly duals. | used multiple years of Medicare and Medicaid claims
data to determine the use of MOUD, ensuring that | had a complete picture of MOUD use even

when there were different payers. Additionally, | studied claims from hospital and clinics to
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identify procedure claims for MOUD instead of relying solely on drug codes. Finally, | used
propensity score methods to make the MOUD groups comparable in observable characteristics, a
strategy that reduced bias in this analysis.

However, although | was able to use multiple years of Medicare and Medicaid data, | did
not have access to Medicaid data from all states for 2013 and 2014. | do not have Medicaid data
for the 4,514 beneficiaries in 2013 or the 8,729 beneficiaries in 2014 who lived in 1 of the states
without complete data. The number of beneficiaries with active MOUD at the time of the OD is
likely greater than reported, as I also did not have Medicare Part D data. However, this study cohort
was similar to the Medicare MBSF Other Chronic Conditions supplement, which indicates MOUD
in any Medicare file. This study cohort differed because I looked for recent (1 year) indicators of
MOUD instead of 2 years as in the Other Chronic Conditions supplement.

These results must be interpreted cautiously, as a significant limitation of propensity score
methods is that they are based on observable characteristics. In this study, we are limited to
characteristics and conditions as described in claims, rather than possibly more accurate and
informative health records. Health records include information about diagnostic tests and unbilled
services, as well as the severity of conditions. Accuracy is also more important in health records,
which are generated for treatment, than in claims, which are generated for payment. Finally, the
groups who used MOUD may have differences from those who did not, including barriers to care
that also may affect mortality, such as safe, stable housing and social support, that would not be
apparent in any administrative record.

| was not able to check for proportional hazards in my Cox proportional hazards model
because | used overlap weights. However, the R package used in estimating hazard ratios in this

study provides unbaised average hazard ratio estimates regardless of whether the hazards are
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proportional or non-proportional.®* The unweighted data had proportional hazards between
MOUD groups. Given the differences between the groups, however, these results must be
interpreted cautiously. | hope to conduct a more comprehensive time-varying model in the future
that would include timing of MOUD delivery.

Finally, without Part D data, | was unable to ascertain detailed prescription data for
beneficiaries. | used other Medicare files to determine use of MOUD and general timelines, but
was not able to analyze outpatient prescriptions.

CONCLUSION

Nonelderly duals are a medically complex, vulnerable population, and the effects of opioid
misuse and overdose among nonelderly duals are even worse than among other populations. Fewer
than 1 in 4 nonelderly duals in this study had evidence of MOUD at the time of or within 12 months
of nonfatal opioid overdose, despite having MOUD covered by Medicare and Medicaid. Barriers
to care must be explored in future work: it cannot be determined from this study whether provider
reluctance, stigma, unfamiliarity with MOUD, or other factors accounted for the low number of
beneficiaries who received treatment. Futher research also needs to explore the disparities
indicated in the effectiveness of MOUD between populations. In particular, the difference in
effectiveness by sex must be examined to increase access. EXisting relationships with providers
who care for nonelderly duals in other capacities may provide opportunities to initiate more

nonelderly duals with OUD to treatment.
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Appendix 3. Chronic Conditions Warehouse Codes for Identifying Receipt of Medication for
Opioid Use Disorder

HCPCS codes for MOUD: G2067, G2068, G2069, G2070, G2071, G2072, G2073, G2078, G2079,
H0020, J0571, J0572, J0573, J0574, J0575, J0592, J1230, J2315, S0109

NDCs for Buprenorphine: 00054017613, 00054017713, 00054018813, 00054018913,
00093537856, 00093537956, 00093572056, 00093572156, 00228315303, 00228315403,
00228315473, 00228315503, 00228315567, 00228315573, 00228315603, 00378092393,
00378092493, 00378876716, 00378876793, 00378876816, 00378876893, 00406192303,
00406192403, 00406800503, 00406802003, 00490005100, 00490005130, 00490005160,
00490005190, 00781721606, 00781721664, 00781722706, 00781722764, 00781723806,
00781723864, 00781724906, 00781724964, 12496010001, 12496010002, 12496010005,
12496030001, 12496030002, 12496030005, 12496120201, 12496120203, 12496120401
12496120403, 12496120801, 12496120803, 12496121201, 12496121203, 12496127802,
12496128302, 12496130602, 12496131002, 16590066605, 16590066630, 16590066705,
16590066730, 16590066790, 23490927003, 23490927006, 23490927009, 35356000407,
35356000430, 35356055530, 35356055630, 42291017430, 42291017530, 42858050103,
42858050203, 43063018407, 43063018430, 43063066706, 43063075306, 43598057901,
43598057930, 43598058001, 43598058030, 43598058101, 43598058130, 43598058201,
43598058230, 47781035503, 47781035511, 47781035603, 47781035611, 47781035703,
47781035711, 47781035803, 47781035811, 49999039507, 49999039515, 49999039530,
49999063830, 49999063930, 50090292400, 50268014411, 50268014415, 50268014511,
50268014515, 50383028793, 50383029493, 50383092493, 50383093093, 52427069203,
52427069211, 52427069403, 52427069411, 52427069803, 52427069811, 52427071203,
52427071211, 52440010014, 52959030430, 52959074930, 53217013830, 53217024630,
54123011430, 54123090730, 54123091430, 54123092930, 54123095730, 54123098630,
54569549600, 54569573900, 54569573901, 54569573902, 54569639900, 54569640800,
54569657800, 54868570700, 54868570701, 54868570702, 54868570703, 54868570704,
54868575000, 55045378403, 55700014730, 55700018430, 55700030230, 55700030330,
58284010014, 59385001201, 59385001230, 59385001401, 59385001430, 59385001601,
59385001630, 60429058611, 60429058630, 60429058633, 60429058711, 60429058730,
60429058733, 60687048111, 60687048121, 60687049211, 60687049221, 62175045232,
62175045832, 62756045983, 62756046083, 62756096983, 62756097083, 63629402801,
63629403401, 63629403402, 63629403403, 63629409201, 63874108403, 63874108503,
63874117303, 65162041503, 65162041603, 66336001630, 68071138003, 68071151003,
68258299103, 68258299903, 68308020230, 68308020830, 71335115403

NDCs for Naltrexone (see exclusion criteria, below): 00056001122, 00056001130, 00056001170,
00056007950, 00056008050, 00185003901, 00185003930, 00406009201, 00406009203,
00406117001, 00406117003, 00555090201, 00555090202, 00904703604, 16729008101,
16729008110, 42291063230, 43063059115, 47335032683, 47335032688, 50090286600,
50436010501, 51224020630, 51224020650, 51285027501, 51285027502, 52152010502,
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52152010504, 52152010530, 54868557400, 63459030042, 63629104601, 63629104701,
65694010003, 65694010010, 65757030001, 65757030202, 68084029111, 68084029121,
68094085362, 68115068030;

Exclude beneficiaries with NDC for Naltrexone, if the CCW alcohol use disorder indicator = Yes
and opioid use disorder DX indicator (from measure #2 OUD using diagnoses) = No; or CCW
drug use disorder indicator = Yes and opioid use DX disorder = No
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Appendix 4. Characteristics and Comorbidities of Active MOUD, Inactive MOUD, and

Crossover MOUD Nonelderly Duals at the Time of Nonfatal Opioid Overdose.

Table A4.1. Characteristics and Comorbidities of Active MOUD and Crossover MOUD

Nonelderly Duals at the Time of Nonfatal Opioid Overdose

Age (years), Mean (SD)
Race, No. (%)
Black or African American
Non-Hispanic White

Other
Male sex, No. (%)
Census region, No. (%0)
West
Midwest
Northeast
South

Time under disability insurance (years),
Mean (SD)
Any known prior opioid OD, No. (%)
Known opioid OD in 6 months prior, No.
(%)
Time to OUD diagnosis prior to OD
(years), Mean (SD)
No diagnosis at time of OD
Buprenorphine distribution area, 3-digit
zip code level, No. (%)
First quartile
Second quartile
Third quartile
Fourth quartile
Sum of mental health diagnoses?, Mean
(SD)
Number of serious chronic conditions®,
No. (%)
0-1 Major chronic conditions
2-4 Major chronic conditions
5-8 Major chronic conditions
Elixhauser score, No. (%0)
<0
0
1-4
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43.3 (10.8)

211 (10.1)
1635 (78.0)
249 (11.9)
1068 (51.0)

300 (14.3)
380 (18.1)
1084 (51.7)
331 (15.8)

8.63 (6.38)
375 (17.9)
44 (2.1)

-4.94 (4.23)
129 (6.2)

174 (8.3)
348 (16.6)
442 (21.1)
1131 (54.0)

2.55 (1.17)

1259 (60.1)
717 (34.2)
119 (5.7)

1118 (53.4)
508 (24.2)
197 (9.4)

43.9 (10.8)

75 (9.2)
653 (80.0)
88 (10.8)
389 (47.7)

98 (12.0)
182 (22.3)
386 (47.3)
150 (18.4)

8.46 (6.97)
105 (12.9)
17 (2.1)

-4.07 (4.24)
204 (25.0)

52 (6.4)
141 (17.3)
205 (25.1)
418 (51.2)

2.32 (1.21)

477 (58.5)
292 (35.8)
47 (5.8)

323 (39.6)
292 (35.8)
84 (10.3)

0.17

0.50

0.12

0.01

0.53
0.001

<0.001
<0.001

0.04

<0.001

0.71

<0.001



>=5
Fibromyalgia, chronic pain, fatigue, or
migraine, No. (%)
Number of inpatient claims prior to OD,
No. (%)
0
1-4
5+
Number of outpatient claims prior to OD,
No. (%)
0
1-4
5+
Chronic conditions, No. (%0)
ADHD and other conduct disorders
Alcohol use disorder
Anxiety
Asthma
Atrial fibrillation
Bipolar disorder
Chronic kidney disease
Chronic obstructive pulmonary disease
Congestive heart failure
Major depressive affective disorder
Diabetes
Drug use disorder
Epilepsy
Fibromyalgia, chronic pain, or fatigue
Hearing impairment
Human Immunodeficiency Virus
and/or Acquired Immunodeficiency
Syndrome (HIV/AIDS)
Hyperlipidemia
Hyperplasia
Hypertension
Hypothyroidism
Ischemic heart disease
Liver disease
Migraine
Mobility impairment
Obesity
Osteoporosis

88

272 (13.0)
1310 (62.5)

1034 (49.4)
906 (43.2)
155 (7.4)

235 (11.2)
818 (39.0)
1042 (49.7)

505 (24.1)
1063 (50.7)
1736 (82.9)
545 (26.0)
36 (1.7)
1316 (62.8)
485 (23.2)
534 (25.5)
237 (11.3)
1609 (76.8)
414 (19.8)
2044 (97.6)
385 (18.4)
1252 (59.8)
50 (2.4)

97 (4.6)

426 (20.3)
53 (2.5)
928 (44.3)
221 (10.5)
433 (20.7)
340 (16.2)
304 (14.5)
72 (3.4)
531 (25.3)
57 (2.7)

117 (14.3)
567 (69.5)

479 (58.7)
300 (36.8)
37 (4.5)

107 (13.1)
366 (44.9)
343 (42.0)

135 (16.5)
345 (42.3)
631 (77.3)
183 (22.4)
15 (1.8)
437 (53.6)
221 (27.1)
214 (26.2)
90 (11.0)
590 (72.3)
174 (21.3)
769 (94.2)
125 (15.3)
552 (67.6)
16 (2.0)

32 (3.9)

204 (25.0)
28 (3.4)
395 (48.4)
93 (11.4)
166 (20.3)
124 (15.2)
149 (18.3)
29 (3.6)
204 (25.0)
24 (2.9)

<0.001

<0.001

<0.001

<0.001
<0.001
<0.001
0.05
0.95
<0.001
0.03
0.72
0.88
0.01
0.37
<0.001
0.06
<0.001
0.58

0.46

0.01
0.23
0.05
0.56
0.89
0.53
0.01
0.97
0.88
0.84



OUD diagnosis

Peripheral vascular disease
Personality disorders
Post-traumatic stress disorder
Rheumatoid arthritis/Osteoarthritis
Schizophrenia and other psychotic
disorders

Spinal injury

Stroke

Tobacco use disorder

Traumatic brain injury

Ulcers

Viral hepatitis

2028 (96.8)
114 (5.4)
512 (24.4)
753 (35.9)
657 (31.4)

679 (32.4)

21 (1.0)
68 (3.2)
1745 (83.3)
44 (2.1)
140 (6.7)
963 (46.0)

747 (91.5)
38 (4.7)
183 (22.4)
230 (28.2)
334 (40.9)

236 (28.9)

15 (1.8)
23 (2.8)
646 (79.2)
15 (1.8)
56 (6.9)
261 (32.0)

<0.001
0.45
0.27

<0.001

<0.001

0.08

0.10
0.63
0.01
0.76
0.93
<0.001

& Schizophrenia and other psychotic disorders, major depressive disorder, bipolar disorder,

and/or anxiety.

®|iver disease, chronic kidney disease, congestive heart failure, congestive obstructive

pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.

Table A4.2. Characteristics and Comorbidities of Inactive MOUD and Crossover MOUD

Nonelderly Duals at the Time of Nonfatal Opioid Overdose

Age (years), Mean (SD)
Race, No. (%)
Black or African American
Non-Hispanic White

Other
Male sex, No. (%)
Census region, No. (%)
West
Midwest
Northeast
South
Time under disability insurance (years),

Mean (SD)

Any known prior opioid OD, No. (%)
Known opioid OD in prior 6 months, No.
(%)

Time to OUD diagnosis (years), Mean
(SD)
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49.6 (10.0)

1562 (13.5)
8715 (75.5)
1273 (11.0)
4433 (38.7)

2308 (20.0)
3065 (26.5)
2772 (24.0)
3405 (29.5)

10.5 (7.59)
1163 (10.1)
135 (1.2)
-4.24 (4.25)

43.9 (10.8)

75 (9.2)
653 (80.0)
88 (10.8)
389 (47.7)

98 (12.0)
182 (22.3)
386 (47.3)
150 (18.4)

8.46 (6.97)
105 (12.9)
17 (2.1)
-4.07 (4.24)

<0.001

0.002

<0.001

<0.001

<0.001
0.02
0.03
0.37



No diagnosis at time of OD
Buprenorphine distribution area, 3-digit
zip code level, No. (%)
First quartile
Second quartile
Third quartile
Fourth quartile
Number of mental health diagnoses?, No.
(%)

A w DN O

Number of serious chronic conditions®,
No. (%)
0-1 Major Chronic Conditions
2-4 Major Chronic Conditions
5-8 Major Chronic Conditions
Elixhauser score, No. (%0)
<0
0
1-4
>=5
Fibromyalgia, chronic pain, fatigue, or
migraine
Number of inpatient claims prior to OD,
No. (%)
0
1-4
5+
Number of outpatient claims prior to OD,
No. (%)
0
1-4
5+
Chronic conditions, No. (%)
ADHD and other conduct disorders
Alcohol use disorder
Anxiety
Asthma
Atrial fibrillation
Bipolar disorder
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5182 (44.9)

1922 (16.6)
2781 (24.1)
3381 (29.3)
3466 (30.0)

1041 (9.0)
1844 (16.0)
3757 (32.5)
3117 (27.0)
1791 (15.5)

4603 (39.9)
5374 (46.5)
1573 (13.6)

2591 (22.4)
4499 (39.0)
1388 (12.0)
3072 (26.6)

9228 (79.9)

6623 (57.3)
4346 (37.6)
581 (5.0)

1303 (11.3)
4229 (36.6)
6018 (52.1)

135 (16.5)
345 (42.3)
631 (77.3)
183 (22.4)
15 (1.8)
437 (53.6)

204 (25.0)

52 (6.4)
141 (17.3)
205 (25.1)
418 (51.2)

71 (8.7)
107 (13.1)
228 (27.9)
247 (30.3)
163 (20.0)

477 (58.5)
292 (35.8)
47 (5.8)

323 (39.6)
292 (35.8)
84 (10.3)
117 (14.3)

567 (69.5)

479 (58.7)
300 (36.8)
37 (4.5)

107 (13.1)
366 (44.9)
343 (42.0)

1140 (9.9)
2993 (26.0)
8571 (74.5)
3075 (26.7)
387 (3.4)
4908 (42.6)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.69

<0.001

<0.001

<0.001
0.08
0.01
0.02

<0.001



Chronic kidney disease

Chronic obstructive pulmonary disease
Congestive heart failure

Major depressive affective disorder
Diabetes

Drug use disorder

Epilepsy

Fibromyalgia, chronic pain, or fatigue
Hearing impairment

Human Immunodeficiency Virus
and/or Acquired Immunodeficiency
Syndrome (HIV/AIDS)
Hyperlipidemia

Hyperplasia

Hypertension

Hypothyroidism

Ischemic heart disease

Liver disease

Migraine

Mobility impairment

Obesity

Osteoporosis

OUD diagnosis

Peripheral vascular disease
Personality disorders
Post-traumatic stress disorder
Rheumatoid arthritis/Osteoarthritis
Schizophrenia and other psychotic
disorders

Spinal injury

Stroke

Tobacco use disorder

Traumatic brain injury

Ulcers

Viral hepatitis

221 (27.1)
214 (26.2)
90 (11.0)
590 (72.3)
174 (21.3)
769 (94.2)
125 (15.3)
552 (67.6)
16 (2.0)

32 (3.9)

204 (25.0)
28 (3.4)
395 (48.4)
93 (11.4)
166 (20.3)
124 (15.2)
149 (18.3)
29 (3.6)
204 (25.0)
24 (2.9)
747 (91.5)
38 (4.7)
183 (22.4)
230 (28.2)
334 (40.9)

236 (28.9)

15 (1.8)
23 (2.8)
646 (79.2)
15 (1.8)
56 (6.9)
261 (32.0)

4451 (38.7)
4612 (40.1)
2748 (23.9)
8468 (73.6)
4105 (35.7)
9575 (83.2)
2134 (18.5)
8974 (78.0)
434 (3.8)

346 (3.0)

4738 (41.2)
463 (4.0)
7415 (64.4)
2186 (19.0)
3771 (32.8)
1924 (16.7)
2364 (20.5)
1268 (11.0)
4165 (36.2)
720 (6.3)
8714 (75.7)
1635 (14.2)
1747 (15.2)
2076 (18.0)
6428 (55.9)

3072 (26.7)

405 (3.5)
805 (7.0)
7875 (68.4)
231 (2.0)
1591 (13.8)
2185 (19.0)

<0.001
<0.001
<0.001
0.45
<0.001
<0.001
0.02
<0.001
0.01

0.17

<0.001
0.46
<0.001
<0.001
<0.001
0.28
0.13
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.18

0.01
<0.001
<0.001

0.84
<0.001
<0.001

2 Schizophrenia and other psychotic disorders, major depressive disorder, bipolar disorder,

and/or anxiety.

®|_jver disease, chronic kidney disease, congestive heart failure, congestive obstructive

pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.



Appendix 5. Differences in Characteristics and Comorbidities of Nonelderly Duals by MOUD

Status at the Time of Nonfatal Opioid Overdose, Stratified by Sex and Level of Health

Table A5.1. Differences in Characteristics and Comorbidities of Female Nonelderly Duals by

MOUD Status at the Time of Nonfatal Opioid Overdose, 2014-2016

Active Inactive Active Inactive
MOUD MOUD MOUD MOUD
(N=1454) (N=7050) (N=1454) | (N=7050)
Age (years), Mean 43.4 50.2 45.8 45.8
Race/ethnicity, %
Non-Hispanic White 81 77 80 80
Black or African American 9 13 11 11
Other 9 10 9 9
Census region, %
West 14 20 16 16
Midwest 22 28 25 25
Northeast 48 21 38 38
South 17 32 21 21
Time under disability insurance 8.3 10.1 88 38
(years), Mean
Elixhauser Score, %
<0 47 22 39 39
0 28 38 32 32
1-4 10 13 11 11
>=5 15 27 18 18
Any known prior opioid OD, % 15 10 14 14
Known opioid OD in prior 6
months, Op/o i 2 ! 2 2
Time to OUD diagnosis prior to
OD, mean, years? 4.1 28
No diagnosis prior to OD, % 4 24
Buprenorphine distributed, 3-
digit zip code level, %
First Quartile (Lowest) 8 17 10 10
Second Quartile 18 26 21 21
Third Quartile 23 30 25 25
Fourth Quartile (Highest) 51 28 44 44
No inpatient claims 6 months
prior to OD, % 52 57 55 55

92



Number of serious chronic
conditions®, %
0-1 61 38 54 54
2-4 34 48 39 39
5-8 5 14 7 7
Substance use diagnoses, %
Alcohol use disorder 44 20 37 37
Drug use disorder 97 83 96 96
Tobacco use disorder 83 68 79 79
Number of mental health
diagnoses prior to OD, mean® 26 23 25 23
Mental health diagnoses, %
ADHD and other ponduct 29 9 17 17
disorders
Anxiety 86 80 85 85
Bipolar 64 46 58 58
Major depressive disorder 80 79 80 80
Personality disorders 27 17 25 25
Schizophrenia 13 14 14 14
Schizophrenia and other psth_otlc 28 o5 27 27
conditions
Post-traumatic stress disorder 41 22 33 33
Pain diagnoses, %
Flbromyalgla, chronl_c pain, 70 86 77 77
fatigue, or migraine
Chronic conditions, %
Atrial fibrillation 1 3 2 2
Congestive heart failure 11 25 15 15
Chronic kidney disease 23 39 27 27
Chronic obstructive pulm_onary 28 44 13 33
disease
Diabetes 20 38 25 25
Human Immunodeficiency Virus
_ gnd/or Acquired 4 5 3 3
Immunodeficiency Syndrome
(HIV/AIDS)
Ischemic heart disease 20 33 24 24
Obesity 30 42 33 33
Osteoporosis 5 9 6 6
Rheumatoid arthritis/Osteoarthritis 39 63 47 47
Viral hepatitis 38 16 29 29
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matching

conditions.

& Missing data (those with no diagnosis at time of OD) precludes inclusion in propensity score

® Liver disease, chronic kidney disease, congestive heart failure, congestive obstructive
pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.
¢ Major depressive disorder, bipolar, anxiety, and/or schizophrenia and other psychotic

Table A5.2. Differences in Characteristics and Comorbidities of Male Nonelderly Duals by

MOUD Status at the Time of Nonfatal Opioid Overdose

Active Inactive Active Inactive
MOUD MOUD MOUD MOUD
(N= 1457) (N=4459) | (N=1457) | (N=4459)
Age (years), Mean 43.4 48.6 45.3 45.3
Race/ethnicity, %
Non-Hispanic White 76 73 74 74
Black or African American 10 14 12 12
Other 14 13 13 13
Census region, %
West 14 20 17 17
Midwest 17 25 20 20
Northeast 53 29 44 44
South 16 26 19 19
Time under disability insurance 8.9 11.0 9.6 96
(years), Mean
Elixhauser Score, %
<0 52 23 42 42
0 27 40 32 32
1-4 9 10 10 10
>=5 12 26 16 16
Any known prior opioid OD, % 18 10 15 15
Known opioid OD in prior 6
months, OpA) i £ ! z z
Time to OUD diagnosis prior to 45 31
OD (years), Mean ' :
No diagnosis prior to OD, % 5 26
Buprenorphine distributed, 3-
digit zip code level, %
First Quartile (Lowest) 8 17 11 11
Second Quartile 16 22 19 19
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Third Quartile 22 28 24 24
Fourth Quartile (Highest) 55 33 47 47
No inpatient claims 6 months
prior?o oD, % 52 59 95 95
Number of serious chronic
conditions®, %
0-1 59 43 53 53
2-4 35 45 39 39
5-8 6 13 8 8
Substance use diagnoses, %
Alcohol use disorder 53 36 47 47
Drug use disorder 96 83 94 94
Tobacco use disorder 82 70 79 79
Number of mental health
diagnoses prior to OD, mean® e e i el
Mental health diagnoses, %
ADHD and other ponduct 29 12 18 18
disorders
Anxiety 76 65 72 72
Bipolar 57 38 50 50
Major depressive disorder 71 65 68 68
Personality disorders 21 12 18 18
Schizophrenia 23 19 22 22
Schizophrenia and other psyc_h_otlc 35 29 33 33
conditions
Post-traumatic stress disorder 27 12 20 20
Pain diagnoses, %
Flbromyalgla, chronl_c pain, 59 71 64 64
fatigue, or migraine
Chronic conditions, %
Atrial fibrillation 2 4 3 3
Congestive heart failure 11 22 14 14
Chronic kidney disease 26 38 30 30
Chronic obstructive pulm_onary 24 34 97 97
disease
Diabetes 20 33 24 24
Human Immunodeficiency Virus
and/or Acquired
Immunodeficiency Syndrome £ S S $
(HIV/AIDS)
Ischemic heart disease 21 33 25 25
Obesity 21 27 22 22
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Osteoporosis 1 2 1 1
Rheumatoid arthritis/Osteoarthritis 29 45 | 35 35
Viral hepatitis 46 25 | 38 38

& Missing data (those with no diagnosis at time of OD) precludes inclusion in propensity score
matching

® Liver disease, chronic kidney disease, congestive heart failure, congestive obstructive
pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.

¢ Major depressive disorder, bipolar, anxiety, and/or schizophrenia and other psychotic
conditions.

Table A5.3. Differences in Characteristics and Comorbidities of Nonelderly Duals with
Elixhauser scores below 1 by MOUD Status at the Time of Nonfatal Opioid Overdose

Active Inactive Active Inactive
MOUD MOUD MOUD MOUD
(N=2241) (N=7068) (N=2241) (N=7068)
Age (years), Mean 42.3 48.4 44.5 44.5
Race/ethnicity, %
Non-Hispanic White 78.9 74.2 77.0 77.0
Black or African American 9.5 13.9 11.6 11.6
Other 11.6 11.9 114 114
Male sex, % 51.0 40.2 48.9 48.9
Census region, %
West 12.7 19.7 15.4 15.4
Midwest 18.5 25.2 21.8 21.8
Northeast 52.3 26.5 42.5 42.5
South 16.6 28.6 20.3 20.3
Time under disability insurance 8.933 10.186 8.832 8.832
(years), Mean
Any known prior opioid OD, % 16.2 9.3 13.6 13.6
Known opioid OD in prior 6 19 10 16 16
months, %
Time to OUD diagnosis prior to 42 29
OD (years), Mean? ' '
No diagnosis prior to OD, % 4.9 26.8
Buprenorphine distributed, 3-
digit zip code level, %
First Quartile (Lowest) 7.4 16.0 9.7 9.7
Second Quartile 16.2 24.1 19.8 19.8
Third Quartile 22.1 28.8 24.4 24.4
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Fourth Quartile (Highest) 54.3 31.1 46.1 46.1
No inpatient claims 6 months
prior?o OD. % 5.5 67.6 60.4 60.4
Number of serious chronic
conditions®, %
0-1 66.2 50.7 61.0 61.0
2-4 30.3 42.0 34.4 34.4
5-8 3.6 7.3 4.6 4.6
Substance use diagnoses, %
Alcohol use disorder 49.1 26.2 42.0 42.0
Drug use disorder 96.5 81.6 94.7 94.7
Tobacco use disorder 82.3 67.2 78.6 78.6
Number of mental health
diagnoses prior to OD, mean® 25 21 24 24
Mental health diagnoses, %
ADHD and other _conduct 295 112 177 177
disorders
Anxiety 80.7 72.1 77.2 77.2
Bipolar 60.7 43.8 54.5 54.5
Major depressive disorder 74.7 70.5 72.7 72.7
Personality disorders 24.0 15.3 21.6 21.6
Schizophrenia 18.1 16.5 18.7 18.7
Schizophrenia and other psyc_h_otlc 391 6.2 305 305
conditions
Post-traumatic stress disorder 34.6 19.0 271.7 271.7
Pain diagnoses, %
Flbromyalgla, chronl_c pain, 617 756 676 67.6
fatigue, or migraine
Chronic conditions, %
Atrial fibrillation 1.1 1.6 1.1 1.1
Congestive heart failure 8.1 15.4 9.9 9.9
Chronic kidney disease 20.5 31.0 24.0 24.0
Chronic obstructive pulm_onary 20.4 308 041 041
disease
Diabetes 17.4 30.1 21.2 21.2
Human Immunodeficiency Virus
_andfor Acquired 4.0 3.0 4.0 4.0
Immunodeficiency Syndrome
(HIV/AIDS)
Ischemic heart disease 174 26.3 20.4 20.4
Obesity 22.8 32.7 25.3 25.3
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Osteoporosis 2.1 4.9 3.0 3.0
Rheumatoid arthritis/Osteoarthritis 30.3 520 | 37.2 37.2
Viral hepatitis 40.2 172 | 310 31.0

matching

conditions.

& Missing data (those with no diagnosis at time of OD) precludes inclusion in propensity score

® Liver disease, chronic kidney disease, congestive heart failure, congestive obstructive
pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.
¢ Major depressive disorder, bipolar, anxiety, and/or schizophrenia and other psychotic

Table A5.4. Differences in Characteristics and Comorbidities of Nonelderly Duals with
Elixhauser scores 1 or higher by MOUD Status at the Time of Nonfatal Opioid Overdose

Active Inactive Active Inactive
MOUD MOUD MOUD MOUD
(N=670) (N=4441) (N=670) (N=4441)
Age (years), Mean 47.3 51.4 48.4 48.4
Race/ethnicity, %
Non-Hispanic White 78 78 78 78
Black or African American 11 13 12 12
Other 12 10 10 10
Male sex, % 47 36 45 45
Census region, %
West 17 21 19 19
Midwest 22 29 24 24
Northeast 45 20 37 37
South 16 31 19 19
Time under disability insurance 9.7 110 10.1 10.1
(years), Mean
Any known prior opioid OD, 18 11 17 17
Ever, %
Known opioid OD in prior 6
months, CPA) i < ! . .
Time to OUD diagnosis prior to 47 28
OD (years), Mean? ' :
No diagnosis prior to OD, % 4 20
Buprenorphine distributed, 3-
digit zip code level, %
First Quartile (Lowest) 9 18 | 11 11
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Second Quartile 19 24 21 21
Third Quartile 23 30 25 25
Fourth Quartile (Highest) 50 28 44 44
No inpatient claims 6 months
priorE[)o OD, % 40 4 40 40
Number of serious chronic
conditions®, %
0-1 38 23 33 33
2-4 49 54 52 52
5-8 13 24 15 15
Substance use diagnoses, %
Alcohol use disorder 46 26 41 41
Drug use disorder 97 86 96 96
Tobacco use disorder 82 70 80 80
Number of mental health
diagnoses prior to OD, mean® e s a5 24
Mental health diagnoses, %
ADHD and other ponduct 20 8 16 16
disorders
Anxiety 83 78 82 82
Bipolar 59 41 54 54
Major depressive disorder 78 79 78 78
Personality disorders 24 15 23 23
Schizophrenia and other psyc_h_otlc 29 28 28 28
conditions
Schizophrenia 17 15 16 16
Post-traumatic stress disorder 29 28 26 26
Pain diagnoses, %
Flbromyalgla, chronl_c pain, 74 87 79 29
fatigue, or migraine
Chronic conditions, %
Atrial fibrillation 4 6 5 5
Congestive heart failure 22 37 25 25
Chronic kidney disease 37 51 41 41
Chronic obstructive pulm_onary 43 55 16 16
disease
Diabetes 30 45 33 33
Human Immunodeficiency Virus
_ gnd/or Acquired 3 5 5
Immunodeficiency Syndrome 2
(HIV/AIDS)
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Ischemic heart disease 31 43 34 34

Obesity 33 42 35 35

Osteoporosis 5 8 6 6

Rheumatoid arthritis/Osteoarthritis 46 62 51 51
Viral hepatitis 48 22 41 41

& Missing data (those with no diagnosis at time of OD) precludes inclusion in propensity score
matching

® Liver disease, chronic kidney disease, congestive heart failure, congestive obstructive
pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or hypertension.

¢ Major depressive disorder, bipolar, anxiety, and/or schizophrenia and other psychotic
conditions.
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Appendix 6. Sensitivity Analyses for Crossover Beneficiaries and Propensity Score Methods

Table A6.1. Sensitivity analysis of unadjusted 12-month mortality rates comparing results
grouping 100% crossover beneficiaries with active MOUD group, grouping 50% crossover
beneficiaries with active MOUD, and excluding crossover beneficiaries.

No. (%) of
Grouping ?r?nigﬁla\r/:/?tsh Inactive Active Pegg?ntf ge
method group MOUD | MOUD .
Active Difference
MOUD
100%
crossover
beneficiaries | 2911 (20.2) 11'131%())'8’ 7%(16)'2’ 42(3.1,53)
with active ' '
MOUD
overall 50% crossover
beneficiaries 11.1 (10.5, 7.6 (6.5,
with active 2503 (17.4) 11.7) 8.6) 3.5(24,4.7)
MOUD
Excluding
crossover 2095 (15.4) 11'131%())'8’ 8";(;)'1’ 29 (17, 4.3)
beneficiaries ' '
100%
crossover
beneficiaries 1454 (17.1) 1Oi%) (89)'41 65;(85)'3’ 3.6 (2.1,5.0)
with active ' '
MOUD
Women 50% crossover
beneficiaries 9.9 (9.2, 6.8 (5.4,
with active 1243 (14.6) 10.6) 8.2) 3.1 (1.5, 4.6)
MOUD
Excluding
crossover 1027 (12.7) 101%)(5)'4’ 7";%5)'8’ 27 (0.9, 4.4)
beneficiaries ' '
100%
crossover
Men beneficiaries | 1457 (24.6) 13'134(5'3’ 7'%(16)'4’ 5.5 (3.9, 7.0)
with active ' '
MOUD
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Low
Elixhauser
Group

High
Elixhauser
Group

50% crossover

beneficiaries

beneficiaries 13.0 (12.0, 8.3 (6.7,
with active 1260 (21.3) 13.9) 98) | 47(29.65)
MOUD
Excluding
13.3 (12.3, 9.3 (7.5,
crossover 1068 (19.3) 14.3) 11.0) 4.0 (2.0,6.1)

beneficiaries

100%

crossover

beneficiaries | 2241 (241) | %9 (48)'1’ 6'27(25)'2’ 26 (1.4, 3.8)
with active ' '

MOUD

50% crossover

beneficiaries 8.6 (8.0, 6.4 (5.3,

with active 1926 (20.7) 92) 75) 2.2 (1.0,3.5)
MOUD

Excluding

crossover 1626 (18.7) 8'89 (48)'1’ 7'%(55)'9’ 1.6 (0.2, 3.0)

beneficiaries

100%

crossover

beneficiaries 670 (13.1) 15'5'6(;1'3’ 10é(§)'3’ 5.0 (2.4,7.5)
with active ' '

MOUD

50% crossover

beneficiaries 152 (14.1, | 11.4 (8.8,

with active 577 (11.3) 16.2) 140y | 380265
MOUD

Excluding

crossover 469 (9.6) 15?6%;1'3’ 12;;(39)'4’ 3.0(0.0,6.2)

Table A6.2. 12-month mortality following nonfatal opioid overdose by Active MOUD status

adjusted for propensity score matching and stratified by level of health and sex.

Overall
(N=
14420)

Inactive
MOUD
10.4
1:1 Nearest
neighbor (N =
4767)

Active
MOUD
7.1
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Pearson’s X2 p

<0.001

HR (95% CI)*

1.27
(1.07,1.46)*



Overall
(N=
14420)

Women
(N =8504)

Men (N =
5916)

Elixhauser:
Low (N =
9309)

Elixhauser:
High (N =
5111)

* Statistically significant at p < 0.05

Full matching
(N = 14420)

1:1 Nearest

neighbor (N =

2422)

Full matching

(N = 8504)

1:1 Nearest
neighbor (N
= 2346)

Full
matching (N
=5916)

1:1 Nearest
neighbor (N
= 3615)

Full
matching (N
=9309)

1:1 Nearest
neighbor (N
=1180)
Full
matching (N
=5111)

10.7

10.1

9.4

121

12.7

9.5

10.4

13.3

13.3
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7.1

7.4

6.5

7.8

7.8

6.2

6.2

10.4

10.4

<0.001

0.006

<0.001

<0.001

<0.001

<0.001

<0.001

0.138

0.037

1.29
(1.14,1.44)*

1.12 (0.88,1.36)

1.24 (1.02,1.45)

1.46 (1.21,1.7)*

1.44
(1.24,1.64)*

1.58
(1.35,1.82)*

1.74
(1.55,1.92)*

1.12 (0.78,1.45)

1.13 (0.88,1.37)



Paper 3. Health Care Utilization and 12-Month Mortality Following Nonfatal Opioid
Overdose among Nonelderly Duals by Sex and Diagnosis of Schizophrenia

ABSTRACT

Objectives. | aim to 1) determine 12-month mortality among nonelderly duals by sex and
diagnosed schizophrenia; 2) identify predictors of mortality by sex and diagnosed schizophrenia;
and 3) examine patterns of health care utilization among nonelderly duals.

Methods. | used nationwide Medicare claims data from 2013-2017 to identify nonfatal opioid
overdoses, health care utilization, and 12-month mortality. | described inpatient, emergency
department, and outpatient care for the 12 months prior to and following nonfatal OD, and
associations with 12-month mortality.

Results. Men without schizophrenia had higher mortality rates (12.7%) than other groups in this
study, but women had more indicators of serious chronic illnesses. Men also were more likely than
women to have medication for opioid use disorder (MOUD) indicated within two years of the OD.
Beneficiaries with schizophrenia accessed health care more than those without schizophrenia:
Over 70% had inpatient stays prior to the OD. Emergency department visits were high among all
groups, and not predictive of 12-month mortality.

Conclusions. Beneficiaries in this study accessed health care services frequently in the year prior
to and following nonfatal OD. Health care utilization and mortality rates differ by sex and the
presence of schizophrenia.

Policy Implications. As the range of prescribers for MOUD broadens, existing relationships that
nonelderly duals have with health care providers should be leveraged to increase access to MOUD.
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BACKGROUND

It has been widely established that opioid use disorder (OUD) frequently co-occurs with
serious mental illness (bipolar disorder, depression, or schizophrenia).!> More than 10% of
individuals with a mental illness misuse opioids, compared with less than 3% of those without a
mental illness.!®? Independently, opioid use disorder and serious mental illness have been
established to be strongly associated with premature mortality, and those with both conditions
often have the worst health outcomes.?*1% Dually eligible Medicare and Medicaid beneficiaries
under the age of 65 (nonelderly duals) have high rates of diagnosed OUD and serious mental
illness, but are unlike other populations with dual diagnoses in many significant respects. For
instance, Novak, Feder, Ali, Chen #** found in a national survey that among individuals with OUD,
there was an unmet need for mental health treatment among 30% of those with co-occurring mild
serious mental illness and 60% of those with co-occurring moderate serious mental illness. The
most prevalent barrier to treatment was affordability. This is not a barrier among nonelderly duals,
as Medicaid pays for premiums and copayments. Nonelderly duals also have a different
distribution of risk factors than the general population. Significant direct and indirect risk factors
for premature mortality are common among nonelderly duals, including those with clear causal
relationships (e.g., high rates of heart disease) and social determinants of health (e.g., low
education).

In general, Medicare and Medicaid beneficiaries with mental illness have higher rates of
fatal opioid overdose than those without mental illness.?*%! Earlier in this dissertation, | found that
12-month mortality rates following an opioid overdose were dramatically different between men

and women, and those with and without a diagnosed serious mental illness. Notably, although a
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greater proportion of nonelderly duals who survived a nonfatal opioid overdose were women, men
were more likely to die within 12 months.

The Centers for Medicare & Medicaid identifies beneficiaries as having chronic conditions
based on the presence of diagnosis codes on inpatient and outpatient claims. Specifically, for
depression, bipolar, and schizophrenia, the presence of an International Statistical Classification
of Diseases and Related Health Problems, Ninth Revision, Clinical Modification (ICD-9-CM)%
or International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision, Clinical Modification (ICD-10-CM)® code in any position on either 1 inpatient claim
or 2 outpatient claims within the previous 2 years fulfills the requirements for having 1 of the
conditions.® By definition, therefore, any nonelderly dual with a serious mental illness diagnosis
has been treated for the condition. As such, the prevalence of serious mental illness may not be
accurately captured by this measure. Depression is underdiagnosed for many reasons, including
the fact that clinicians may not regularly screen for depression.'% Bipolar disorder, on the other
hand, may be underdiagnosed when clinicians misdiagnosis the disorder as depression.'%’
Treatment for physical comorbidities may also be prioritized over depression or bipolar
disorder.1® On the contrary, schizophrenia presents with overt symptoms such as delusions,
hallucinations or disorganized speech. Thus, the prevalence of schizophrenia is more accurately
captured than for depression and bipolar when health insurance claims are the basis for estimates.

Riecher-Réssler, Butler, Kulkarni % noted, in a review of studies about sex and
schizophrenia, that it is generally accepted that the incidence of schizophrenia is higher among
men than women. However, there are not differences in the prevalence of schizophrenia by sex,

possibly reflecting better treatment adherence among women. Overall, this review concludes,
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women have a better course of illness in terms of acute episodes and chronic symptoms and
cognitive impairments between episodes.

This study seeks to understand relationship between sex, schizophrenia, and premature
mortality following a nonfatal overdose. The disparate rates of 12-month mortality by gender may
reflect a difference in treatment for substance use or mental health issues. Specifically, this study
addresses health care utilization, which may have a protective effect against mortality that would
explain the difference in mortality rates among women and men with schizophrenia. | aim to 1)
determine 12-month mortality among nonelderly duals by sex and diagnosed schizophrenia; 2)
identify predictors of mortality by sex and diagnosed schizophrenia; and 3) examine patterns of
health care utilization among nonelderly duals.

Knowledge of the health care utilization behaviors of nonelderly duals prior to and
following a nonfatal opioid overdose has the potential to better understand 1) the extent to which
beneficiaries are using emergency and acute care services; 2) whether those with schizophrenia
are engaging in behavioral or substance use treatment; and 3) the relationships with health care
providers that may be protective against premature mortality. If beneficiaries are not accessing
health care providers regularly, or are treated mostly in emergency departments, this knowledge
may identify beneficiaries for whom engagement strategies may need to be different. Treating
mental illness and OUD improves mortality outcomes both directly and indirectly, and should be
an ultimate goal for health care providers. Identifying gender differences in accessing care,
schizophrenia, and OUD patterns may influence how best to target populations who would benefit
from treatment, but are not engaged with a provider.

METHODS
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Use of these data was approved by the Centers for Medicare and Medicaid Services. The
University of Chicago Institutional Review Board determined this research was exempt from
informed consent. All analyses were conducted using R programming language 4.1.1.

Study Data and Cohort

| used Medicare beneficiary and claims data from 2013-2017 in this study to identify
eligible beneficiaries, opioid overdoses, diagnoses, and health care utilization in the 12 months
prior to overdose. | determined beneficiary eligibility, demographic characteristics, and
comorbidities using the Master Beneficiary Summary File (MBSF), Chronic Conditions File, and
Other Chronic Conditions File. Beneficiaries in this study cohort were between the ages of 21-64
and were continuously enrolled as full duals for 12 months prior to a nonfatal opioid overdose and
12 months following the event (or until death). | excluded beneficiaries who had cancer diagnoses,
were eligible because of end-stage renal disease, and did not live in the 50 U.S. states or
Washington, DC. | identified the index nonfatal opioid overdose using the Medicare Provider
Analysis and Review (MedPAR) and Outpatient (OP) Fee-for-Service Files (all years: nationwide,
100%). More details about the qualifying nonfatal opioid overdose event can be found in Paper 1
of this dissertation.

| identified hospitalizations and characteristics of hospitalizations using MedPAR claims.
ED visits were identified in the OP and MedPAR files. | used OP and carrier files (20% random
sample of beneficiaries) to identify outpatient health care utilization, including substance use
treatment and behavioral health treatment. As | did not have 100% of claims for outpatient care,
these study data comprised a secondary cohort analysis.

Independent Variables
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Sex and diagnosed schizophrenia were the 2 primary stratifications of interest in this study.
Sex (male or female) was identified in the MBSF base; schizophrenia was identified in the other
chronic conditions file.1%
Covariates

Race/ethnicity were identified using the CMS research triangle race/ethnicity variable
(Non-Hispanic White, Black or African American, Other Race). Age at the time of the OD was
included as a continuous variable.

| used the “comorbidity” package in R to create the Elixhauser score for each beneficiary.%2
The Elixhauser score was calculated using MedPAR and Medicare outpatient claims for 180 days
prior to the index overdose. | used the Elixhauser index to group beneficiaries by scores in the
descriptive analysis (<0, 0, 1-4, 5 or more) and used the score as a continuous measure in the
statistical models. Elixhauser scores have been found to have good predictive validity of short-
term mortality.*>** Higher Elixhauser scores indicate greater comorbidity. | created an index for
the number of serious chronic conditions (liver disease, chronic kidney disease, congestive heart
failure, congestive obstructive pulmonary disease, atrial fibrillation, ischemic heart disease, stroke,
and/or hypertension). Beneficiaries were grouped by the number of conditions (0-1, 2-4, 5-8).

The number of opioid overdoses that occurred in an emergency department following the
index OD was included this in analyses as a dichotomous variable (“Any subsequent OD” vs. “No
subsequent OD”). The involvement of heroin in the index OD was identified by the presence of
ICD-9 codes 965.01, E85.00, and E935.0, and ICD-10 code T40.1*.

| categorized the reason for the visit (mental health, substance use, other) based on the
primary diagnosis code present on the claim. The codes for mental health and substance use visits

are included in Appendix 7.
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Outcome Variables

Days hospitalized were identified using MedPAR claims. Claims that extended beyond the
365 days prior to or following the overdose were not excluded. | counted all days a beneficiary
was hospitalized within the range. I distinguished between hospital stays in 1) acute care facilities;
2) psychiatric hospitals or the psychiatric wing of an acute care hospital; and 3) and long-term,
rehab hospital, and skilled nursing facilities. Visits were further categorized by the primary
diagnosis code present on the claims as mental health visit, SUD visit, or other visit. Finally, |
determined whether the beneficiary was admitted to the hospital following an emergency
department (either at the hospital or at an outpatient facility). | included hospitalization as ‘Any
Visit’ or ‘No Visit’ prior to or following the overdose in the statistical models. The MedPAR
variables used to describe facility characteristics are available in Appendix 8 (Table A8.1).

| used the MedPar and OP files to identify and count days with emergency department
visits (OP revenue center codes 0450-0459 or 0981; or a MedPAR claim with an emergency room
charge > $0). Claims for OP emergency department visits that either had discharge codes
indicating a transfer to a hospital (2, 3, 4, 5, 9, 30, 43, 50, 51, or 70), or that occurred on the same
date as admission to a hospital (linked with MedPAR), were not included in the count of days with
ED visits. Beneficiaries could only have 1 ED visit per day.

| classified outpatient ED visits by primary diagnosis as MH emergency, SUD emergency,
or other emergency visit. | included emergency department visits as a categorical variable in the
descriptive analysis (0, 1-3, 4 or more) and a continuous variable in the statistical model.

| used a 20% sample of outpatient facility and provider claims to study outpatient health
care utilization. | defined a visit as mental health care and substance use care if it had a primary

diagnosis code either condition, or as other if another diagnosis code was present. Visits were
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included if they occurred in community mental health clinics, homeless shelters, and rural health
clinics, among other locations (Appendix 8, Table A8.2). | counted the number of days with a
claim for mental health, substance use, or other care. Beneficiaries could have more than 1 type of
outpatient visit on a day, but multiple visits on a single day were counted as 1 visit for that category.
Visits that occurred on days when the beneficiary was hospitalized were excluded.
Statistical Analyses

For both the full study cohort and 20% random sample, descriptive statistics were
determined for health care utilization following nonfatal opioid overdose by sex and diagnosed
schizophrenia. | used Pearson's Chi-squared Test and Student's t-Test to assess associations with
utilization by group. Person-years were used in analyses of utilization following OD to account
for the reduced time available for visits among those who died. | used the “tableone” package in
R to create the descriptive tables.!

| counted days hospitalized and days with outpatient ED visits per person year in the
primary analysis. | used predicted probabilities to assess the association between hospitalization
(any vs. none) and premature mortality by sex and schizophrenia, and ED visits (0; 1-3; 4 or more)
and 12-month mortality by sex and schizophrenia. | assigned beneficiaries mean characteristics
with health care utilization, and assessed associations by sex and schizophrenia group. In the
secondary analysis with 20% outpatient claims, | counted days with outpatient mental health and
substance use treatment visits. | also used predicted probabilities to assess the association between
the rate of outpatient visits (quartiles: <14 visits; 14-23 visits; 24-37 visits; 38 or more visits) and
12-month mortality by sex and schizophrenia among the 20% sample.

Finally, for the full study cohort only, I used logistic regression to describe associations

between beneficiary characteristics and health care utilization and 12-month mortality by group.
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RESULTS

More than 20% of the 5,936 male nonelderly duals in this study cohort were diagnosed
with schizophrenia, and about 13% of the 8,533 female nonelderly duals in this study cohort were
diagnosed with schizophrenia (Table 7). Among women, those with schizophrenia had slightly
higher 12-month mortality rates (10.5% vs. 9.7%). Among men, those with schizophrenia had
lower mortality rates (10.6% vs. 12.7%). Over 70% of beneficiaries with schizophrenia had
comorbid bipolar disorder or depression. They were also common among those without
schizophrenia: over 30% of men and 40% of women were diagnosed with bipolar disorder, and
over 64% of men and 78% of women were diagnosed with depression. Over a third of beneficiaries
in all groups had chronic kidney disease and 15-20% of all beneficiaries had liver disease. A
greater proportion of women than men had congestive obstructive pulmonary disorder (COPD)
and congestive heart failure (46.0% vs. 34.3% and 25.6% vs. 18.2%, respectively, among those
with schizophrenia; similar rates were found among those without schizophrenia). Over 80% of
beneficiaries in each group had been diagnosed with OUD prior to the index OD, and on average,
diagnoses were around 3 years prior to the OD. Between 14-16% of beneficiaries in all groups had

subsequent opioid overdoses in the 12 months following the index OD.
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Table 7. Characteristics of Nonelderly Duals by Sex and Schizophrenia Diagnosis

Schizophrenia ¢, o renia  Sehizophrenia oy b renia

eTT

Diagnosis Diagnosis Diagnosis Diagnosis P Value
(N=1137) (N=7396) (N=1200) (N=4736)
12-Month Mortality 119 (10.5) 715 (9.7) 127 (10.6) 600 (12.7) <0.001
Age, years, Mean (SD) 47.9 (10.2) 49.2 (10.1) 45.2 (11.0) 47.9 (10.8) <0.001
Race/Ethnicity, No. (%) <0.001
Non-Hispanic White 826 (72.6) 5806 (78.5) 846 (70.5) 3532 (74.6)
Black or African American 185 (16.3) 876 (11.8) 181 (15.1) 606 (12.8)
Other 126 (11.1) 714 (9.7) 173 (14.4) 598 (12.6)
Elixhauser score, No. (%) <0.001
<0 367 (32.3) 1871 (25.3) 481 (40.1) 1317 (27.8)
0 350 (30.8) 2754 (37.2) 374 (31.2) 1822 (38.5)
1-4 144 (12.7) 935 (12.6) 124 (10.3) 468 (9.9)
>=5 276 (24.3) 1836 (24.8) 221 (18.4) 1129 (23.8)
Years on Medicare, No. (%) <0.001
<=4 178 (15.7) 1815 (24.5) 224 (18.7) 1201 (25.4)
5-8 243 (21.4) 1874 (25.3) 278 (23.2) 1180 (24.9)
9-14 332 (29.2) 2013 (27.2) 288 (24.0) 1079 (22.8)
>=15 384 (33.8) 1694 (22.9) 410 (34.2) 1276 (26.9)
Years with diagnosed opioid use
disorder prior to index overdose, -3.75 (4.25) -2.92 (3.92) -4.11 (4.55) -3.36 (4.29) <0.001
Mean (SD)
No diagnosis prior to OD, No. (%) 167 (14.7) 1230 (16.6) 146 (12.2) 827 (17.5)
Any opioid overdose in 12 months
following index overdose, No. (%) 187 (16.4) 1033 (14.0) 192 (16.0) 772 (16.3) 0.002
Mental Disorders, No. (%)
Bipolar 926 (81.4) 3242 (43.8) 862 (71.8) 1649 (34.8) <0.001



Y11

Major depressive affective disorder
Attention deficit hyperactivity
disorder (ADHD) and other conduct
disorders
Anxiety
Personality disorders
Post-traumatic stress disorder
Substance Use Disorders, No. (%)
Alcohol use disorder
Opioid use disorder
Medication for opioid use disorder
Tobacco use disorder
Other Chronic Conditions, No. (%)
Chronic kidney disease
Chronic obstructive pulmonary
disease (COPD)
Congestive heart failure
Liver disease
Number of serious chronic
conditions*, No. (%)
0-1

2-4
5-8

976 (85.8)
175 (15.4)

1012 (89.0)
409 (36.0)
440 (38.7)

379 (33.3)
930 (81.8)
114 (10.0)
906 (79.7)

432 (38.0)

523 (46.0)

291 (25.6)
188 (16.5)

414 (36.4)
570 (50.1)
153 (13.5)

5789 (78.3)
767 (10.4)

5935 (80.2)
1188 (16.1)
1696 (22.9)

1677 (22.7)
5877 (79.5)
882 (11.9)
5079 (68.7)

2681 (36.2)

3002 (40.6)

1654 (22.4)
1180 (16.0)

3170 (42.9)
3293 (44.5)
933 (12.6)

909 (75.8)
268 (22.3)

942 (78.5)
359 (29.9)
252 (21.0)

637 (53.1)
1002 (83.5)
236 (19.7)
1023 (85.3)

412 (34.3)

411 (34.3)

218 (18.2)
230 (19.2)

558 (46.5)
516 (43.0)
126 (10.5)

3028 (63.9)
573 (12.1)

3081 (65.1)
489 (10.3)
679 (14.3)

1719 (36.3)
3713 (78.4)
770 (16.3)
3292 (69.5)

1658 (35.0)

1444 (30.5)

929 (19.6)
802 (16.9)

2201 (46.5)
2008 (42.4)
527 (11.1)

<0.001

<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

0.14
<0.001

<0.001
0.04

<0.001

*Liver disease, chronic kidney disease, congestive heart failure, congestive obstructive pulmonary disease, atrial

fibrillation, ischemic heart disease, stroke, and/or hypertension.



Overall, beneficiaries with schizophrenia had greater health care utilization rates than those
without schizophrenia, although women and men in each group had a very high rate of visits
(Tables 8 and 9). Compared to those without a schizophrenia diagnosis, a greater proportion of
those with schizophrenia had at least 1 hospitalization prior to OD (72.8% vs. 55.3% among
women and 70.3% vs. 52.9% among men). A greater proportion of men than women, regardless
of schizophrenia diagnosis, had hospitalizations prior to OD with a primary substance use
diagnosis indicated (17.8% of men vs. 9.9% of women, among those with schizophrenia; 11.1%
of men vs. 6.8% of women, among those without schizophrenia; rates were similar to primary
diagnoses for ED claims). Most beneficiaries—over 85%—of beneficiaries who were hospitalized
in either period were admitted through the emergency department. All beneficiaries had high rates
of emergency department visits prior to and following the overdose: over 75% of all groups had at
least 1 visit prior to the overdose. Of those with ED visits, more than half had at least 5 visits in

the year prior to the overdose.
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Table 8. Hospitalizations and Emergency Department Visits prior to Nonfatal Opioid OD (100% of Study Cohort) by Sex and

Schizophrenia Diagnosis

Schizophrenia ~ No Schizophrenia| Schizophrenia  No Schizophrenia
Diagnosis Diagnosis Diagnosis Diagnosis
(N=1137) (N=7396) (N=1200) (N=4736)
ALL BENEFICIARIES
Outcome 1: Inpatient Admissions
Any inpatient admission, % 72.8 55.3 70.3 52.9
—— —
:;;ny inpatient mental health admission?, 411 12.9 465 141
Any inpatient substance use disorder
admission, % 9.9 7.3 15.3 11.0
Outcome 2: Emergency Department
Visits
Any ED visit, % 84.3 78.3 81.8 73.8
Any ED visit for mental health
emergency?, % 27.5 12.2 331 12.1
Any ED visit for substance use disorder
emergency, % 9.9 6.8 17.8 11.1

Female Male

Outcome 1: Inpatient Admissions

BENEFICIARIES ADMITTED TO
HOSPITAL

Schizophrenia
Diagnosis
(N = 828)

No Schizophrenia
Diagnosis
(N = 4089)

Schizophrenia
Diagnosis
(N =843)

No Schizophrenia
Diagnosis

(N =2503) P Value

Any visit in facility type, No. (%)




LTT

Inpatient psychiatric facility 396 (47.8) 799 (19.5) 479 (56.8) 592 (23.7) <0.001
Acute care 713 (86.1) 3780 (92.4) 673 (79.8) 2291 (91.5) <0.001
Long-term care/rehabilitation/skilled
nursing facility 158 (19.1) 695 (17.0) 135 (16.0) 452 (18.1) 0.27
(NS‘ETber O OIS U BIE, (MEE 3.09 (3.16) 2.47 (2.44) 3.24 (3.44) 2.63 (2.78) <0.001
Number of days hospitalized in short-
stay facility, mean (SD) 16.31 (19.89) 12.09 (15.75) 19.85 (25.24) 13.28 (17.94) <0.001
Any emergency department
admission, No. (%) 763 (92.1) 3580 (87.6) 781 (92.6) 2185 (87.3) <0.001
Any primary diagnosis for condition,
No. (%)
Mental health? 467 (56.4) 957 (23.4) 558 (66.2) 669 (26.7) <0.001
Substance use 112 (13.5) 541 (13.2) 183 (21.7) 519 (20.7) <0.001
Female Male
Outcome 2: Emergency Department Schizophrenia  No Schizophrenia  Schizophrenia No Schizophrenia
Visits Diagnosis Diagnosis Diagnosis Diagnosis
(N =958) (N =5792) (N =981) (N =3493) P Value
BENEFICIARIES WITH
EMERGENCY DEPARTMENT
VISITS
Number of ED visits, mean (SD) 8.14 (11.32) 5.24 (7.60) 7.73 (13.78) 5.16 (7.57) <0.001
Any primary diagnosis for condition,
No. (%)
Mental health® 313 (32.7) 903 (15.6) 397 (40.5) 574 (16.4) <0.001
Substance use 112 (11.7) 503 (8.7) 213 (21.7) 524 (15.0) <0.001

& Mental Health treatment refers to visits for any mental health condition (schizophrenia, depression, anxiety, personality disorder, etc.) |
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Table 9. Hospitalizations and Emergency Department Visits Following Nonfatal Opioid OD (100% of Study Cohort) by Sex and

Schizophrenia Diagnosis

Schizophrenia No Schizophrenia | Schizophrenia No Schizophrenia
Diagnosis Diagnosis Diagnosis Diagnosis
(N=1137) (N=7396) (N=1200) (N=4736)
ALL BENEFICIARIES
Outcome 1: Inpatient Admissions
Any inpatient admission (%) 74.1 60.8 71.7 55.5
Any.mpatlaent mental health 446 20.9 50.1 20.2
admission? (%)
Any inpatient substance use disorder
admission (%) 10.8 9.8 13.9 11.2
Outcome 2: Emergency Department
Visits
Any ED visit (%) 82.7 74.9 76.8 70.8
Any ED visit for mental health
emergency? (%) 25.4 14.2 34.2 16.2
Any ED visit for substance use
disorder emergency (%) 11.6 9.1 16.6 14.9
Outcome 1: Inpatient Admissions Female Male
BENEFICIARIES ADMITTED TO | Schizophrenia No Schizophrenia | Schizophrenia No Schizophrenia
HOSPITAL Diagnosis Diagnosis Diagnosis Diagnosis
(N =842) (N = 4496) (N =860) (N = 2629) P Value
Any visit in facility type, No. (%) | | |
Inpatient psychiatric facility 438 (52.0) 1273 (28.3) 511 (59.4) 749 (28.5) <0.001
Acute care 693 (82.3) 3890 (86.5) 663 (77.1) 2313 (88.0) <0.001
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Long-term care/rehabilitation/skilled

nursing facility 178 (21.1) 882 (19.6) 155 (18.0) 520 (19.8) 0.40
?‘S‘g‘;‘ber 9 SETAE SR OS5, b 3.46 (3.85) 3.02 (7.28) 3.87 (6.54) 3.69 (8.26) <0.001
Number of days hospitalized in
short-stay facility, Mean (SD) 20.07 (27.64) 15.50 (27.74) 23.88 (37.22) 18.75 (33.80) <0.001
Any emergency department
admission, No. (%) 755 (89.7) 3811 (84.8) 772 (89.8) 2283 (86.8) <0.001
Any primary diagnosis for
condition, No. (%)
Mental health? 507 (60.2) 1547 (34.4) 601 (69.9) 955 (36.3) <0.001
Substance use 123 (14.6) 724 (16.1) 167 (19.4) 529 (20.1) <0.001
Outcome 2: Emergency Department
Visits Female Male
BENEFICIARIES WITH Schizophrenia ~ No Schizophrenia Schizophrenia  No Schizophrenia
EMERGENCY DEPARTMENT Diagnosis Diagnosis Diagnosis Diagnosis P Value
VISITS (N =940) (N =5538) (N =921) (N =3352)
Number of ED visits, Mean (SD) 9.00 (17.48) 5.79 (11.40) 8.52 (14.06) 6.26 (16.94) <0.001
Any primary diagnosis for
condition, No. (%)
Mental health? 289 (30.7) 1047 (18.9) 410 (44.5) 769 (22.9) <0.001
Substance use 132 (14.0) 675 (12.2) 199 (21.6) 704 (21.0) <0.001

& Mental Health treatment refers to visits for any mental health condition (schizophrenia, depression, anxiety, personality disorder, etc.)




Table 10 shows the results of the predicted probabilities. Regardless of whether
beneficiaries were diagnosed with schizophrenia, mortality rates for those with any hospitalization
prior to OD were higher than those with no hospitalization (9-10% of women who were
hospitalized vs. 6-7% of women who were not hospitalized; 12% of men who were hospitalized
vs. 8% who were not hospitalized). These differences were similar by gender in each schizophrenia
group. No gradient effect was detected for the number of ED visits prior to OD either by sex or
schizophrenia diagnosis.

Table 10. Predicted Probabilities of 12-Month Mortality Following Nonfatal Opioid Overdose
by Sex and Schizophrenia Diagnosis

_ . No : i No
Schizophrenia | oo onhrenia | SChizophrenia | o o ohrenia

Any hospitalization 9% 10% 12% 12%
prior to OD

No_ hospitalization 6% 7% 8% 8%
prior to OD

No ED visits prior o 0 0 9
to OD 5% i i it
1-3 ED visits prior o 0 0 0
to OD 5% i i il
4 or more ED visits 8% 8% 9% 10%
prior to OD

Table 11 presents the risk factors associated with 12-month mortality by sex and the
presence of schizophrenia. Age was associated with 12-month mortality among women and men
without schizophrenia only [aOR(95% CI): 1.02(1.01,1.04), p<0.0001; aOR(95% CI):
1.02(1.01,1.03), p< 0.0001]. Race was not associated with 12-month mortality for any group
except men without schizophrenia, among whom Black men had lower odds of 12-month mortality

than white men [aOR(95% CI): 1.40(1.06,1.89), p<0.05] or those of other races [aOR(95% CI):
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1.53(1.06,2.22), p<0.05]. Subsequent opioid overdose in the 12 months following the index OD

was not associated with 12-month mortality.
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Table 11. Characteristics Associated with 12-Month All-Cause Mortality by Sex and Schizophrenia Diagnosis

aOR aOR aOR aOR
(95% CI) P Value (95% CI) P Value (95% CI) P Value (95% CI) P Value
1.02 1.02 1.00 1.02
Age (1.00,1.05) 0.08 (1.01,1.03) 0.00 (0.98,1.02) 0.84 (1.01,1.03) 0.00
Race/Ethnicity [ref: Black
or African American]
0.77 1.11 1.78 1.40
Non-Hispanic White| (0.46,1.33) | %3 | 0.87.1.44) | %% | (1.003.40) | %% | (1.06189) | ©0?
0.79 1.04 1.72 1.53
Other| (0.351.67) | 9% | (0.731.49) | 98 | (082368 | 210 | (106220 | 002
0.98 1.03 1.04 1.03
Elixhauser score (0.95,1.01) 0.27 (1.02,1.05) 0.00 (1.01,1.07) 0.02 (1.01,1.04) 0.00
Index overdose with heroin - x 1.44 1.11 1.25
indicated w2188 | 90 | 071174 | 9% | (1oo1se) | O0°
Any inpatient stays within 1.22 1.55 1.49 1.53
12 months prior to OD 075206 | %% | 120187y | 909 | (092248 | O | (125188 | 900
Substance use disorders
1.07 0.91 - * * *
Alcohol use disorder| (0.69,1.65) 0.76 (0.75,1.12) 0.38
1.12 1.30 0.93 1.38
Any drug user disorder | (0.55,2.54) 0.76 (1.00,1.73) 0.06 (0.45,2.13) 0.86 (1.03,1.87) 0.03
Medication for opioid Use - * 0.87 0.83 0.70
disorder ©0651.16) | %3 | (048139 | 2 | (052004 | 002
2.30 1.13 * * - -
Tobacco use disorder | (1.26,4.52) 0.01 (0.93,1.38) 0.21
Other chronic conditions
1.43 1.69 1.86 1.24
0.11 0.00 0.00 0.04
Chronic kidney disease (0.92,2.23) (1.41,2.02) (1.23,2.83) (1.01,1.51)
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Chronic obstructive 0.88 1.29 1.19 1.40
pulmonary disease (COPD)| (055.1.40) | %% | (1o7.156) | %O | (077.184) | O | (w1a172) | 000
1.52 1.57 1.18 151
Congestive heart failure | (0.95,2.43) 0.08 (1.29,1.91) 0.00 (0.70,1.94) 0.53 (1.21,1.89) 0.00
0.62 0.76 0.57 0.56
Hyperlipidemia| (0.40,0.96) 0.03 (0.64,0.91) 0.00 (0.37,0.88) 0.01 (0.45,0.69) 0.00
1.58 1.25 1.49 1.45
Liver disease| (0.94259) | % | (102152 | %9 | (093236 | %% | @ie182) | O
1.47 1.13 0.83 1.35
Peripheral vascular disease | (0.86,2.47) 0.15 (0.90,1.41) 0.29 (0.43,1.51) 0.56 (1.05,1.72) 0.02
Rheumatoid 1.12 0.64 0.67 0.00 - * * *
arthritis/osteoarthritis | (0.71,1.77) ' (0.56,0.79) )
1.59 (1.00, 1.26 0.91 (0.59, 0.83
Viral hepatitis|  2.49) 0.05 | 102154y | 003 1.39) 0.66 | 067,103 | 909

condition)

* These covariates were excluded from the analysis for the subgroup due to small cell sizes (i.e., either too many or too few had the




Some diseases that are worsened with long-term opioid use were statistically significant
predictors of mortality only among women and men without schizophrenia, including COPD
[OR(95% CI): 1.29(1.07,1.56), p<0.05; OR(95% CI): 1.40(1.14,1.72), p<0.01], congestive heart
failure [OR(95% Cl): 1.57(1.29,1.91), p<0.001; OR(95% CI): 1.51(1.21,1.89), p<0.001], and liver
disease [OR(95% ClI): 1.25(1.02,1.52), p<0.05; OR(95% CI: 1.45(1.16,1.82), p<0.01]. Having any
inpatient stays prior to the index OD were associate with higher 12-month mortality rates among
beneficiaries without schizophrenia only [OR(95% CI): 1.55(1.29,1.87), p<0.0001 among women;
OR(95% CI): 1.53(1.25,1.88), p<0.0001 among men]. Higher Elixhauser scores were associated
with higher 12-month mortality among all groups except women with schizophrenia.

Secondary Analysis

Descriptive statistics of the 20% random sample (the subset of the study cohort with
complete outpatient care data) are available in Appendix 9. Beneficiaries in the sample were
similar to the full cohort in all characteristics. Virtually all of the nonelderly duals in the 20%
random sample had outpatient health care visits in the 12 months prior to and following the
overdose (Tables 12 and 13). Women with schizophrenia had an average of 37.6 (SD: 24.74) visits
prior to the OD. Men without schizophrenia had an average of 24.7 (19.9) visits prior to the OD.
Visits for substance use disorder were rare: only 9.9% of women with schizophrenia had substance
disorder indicated as the primary reason for an outpatient claim prior to OD. Men with
schizophrenia had the most visits: 20.9% had substance use disorder indicated as the primary
reason for an outpatient claim prior to OD. Among those who had any visits for substance use,
women with schizophrenia had an average of 2.90 (3.53) visits, women without schizophrenia had
an average of 5.33 (8.25) visits, men with schizophrenia had an average of 5.26 (9.33) visits, and

men without schizophrenia had an average of 4.88 (7.13) visits. There was no statistical difference
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in the mean number of visits between groups. Figure 1 shows predicated probabilities of 12-month

mortality by group and number of outpatient visits in the year prior to OD. For each group, having

greater number of outpatient visits is associated with higher mortality rates.

Table 12. Outpatient Utilization prior to Nonfatal Opioid OD (20% of Study Cohort) by Sex and
Schizophrenia Diagnosis

Outcome 3:
Outpatient
Visits

Number of
All
Outpatient
Visits,
mean(SD)

37.58 (24.74)

29.53 (20.27)

27.75 (20.60)

24.68 (19.93)

<0.001

Any primary
diagnosis for
condition,
No. (%)

Mental
health*

200 (82.6)

877 (59.7)

190 (77.9)

445 (48.5)

<0.001

Substance use

24 (9.9)

181 (12.3)

51 (20.9)

158 (17.2)

<0.001

Other
diagnosis

N/A

1439 (98.0)

215 (88.1)

859 (93.7)

<0.001

Number of
outpatient
mental
health visits
among those
with a MH
visit*, Mean
(SD)

10.21 (13.47)

7.27 (8.52)

8.84 (8.57)

6.25 (7.08)

<0.001

Number of
outpatient
SUD visits
among those
with a SUD
visit, Mean
(SD)

2.90 (3.53)

5.33 (8.25)

5.26 (9.33)

4.88 (7.13)

*Mental Health treatment indicates at least one claim for any mental health condition
(schizophrenia, depression, anxiety, personality disorder, etc.)].

0.538
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Table 13. Outpatient Utilization Following Nonfatal Opioid OD (20% of Study Cohort) by Sex
and Schizophrenia Diagnosis

Schizophrenia
(N=242)

No
Schizophrenia
(N=1,475)

Outcome 3:
Outpatient
Visits

Schizophrenia
(N=245)

No
Schizophrenia
(N=927)

P Value

Number of All
Outpatient
Visits, Mean
(SD)

42.55 (28.14)

31.24 (22.66)

28.79 (23.57)

26.10 (22.05)

<0.001

Any primary
diagnosis for
condition No.
(%)

Mental health*

199 (83.6)

919 (63.7)

188 (78.0)

483 (53.9)

<0.001

Substance use

17 (7.1)

133 (9.2)

26 (10.8)

113 (12.6)

0.0

Other
diagnosis

226 (95.0)

1398 (96.9)

212 (88.0)

824 (92.0)

<0.001

Number of
outpatient
mental health
visits among
those with a
MH visit*,
Mean (SD)

11.50 (15.34)

8.22 (9.27)

9.39 (9.71)

7.70 (10.45)

<0.001

Number of
outpatient
SUD visits
among those
with a SUD
visit, Mean
(SD)

2.63 (2.37)

4.61 (7.02)

6.24 (7.88)

4.80 (7.01)

*Mental Health treatment indicates at least one claim for any mental health condition
(schizophrenia, depression, anxiety, personality disorder, etc.)].

0.4

DISCUSSION

Men without schizophrenia had the highest 12-month mortality rates in this study at 12.7%,

2% more than men and women with schizophrenia (10.6% and 10.5%, respectively), and a full 3%
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more than women without schizophrenia (9.7%). The reasons behind this disparity remain unclear,
although it could be that beneficiaries with schizophrenia are more likely to receive comprehensive
health care in conjunction with mental health treatment. It also could be expected that beneficiaries
who are eligible for Medicare based on mental disability are in better physical health those who
are eligible based on physical disability, but the findings in this study do not support this as the
primary reason for the disparity. Men without schizophrenia were somewhat sicker when judged
by Elixhauser score—33.7% of men without schizophrenia had Elixhauser scores of 1 or higher
compared with 28.7% of men with schizophrenia. However, when looking at the number of serious
chronic conditions—Iiver disease, chronic kidney disease, congestive heart failure, congestive
obstructive pulmonary disease, atrial fibrillation, ischemic heart disease, stroke, and/or
hypertension—the prevalence of disease between groups of men did not differ. Moreover, women,
regardless of whether diagnosed with schizophrenia, have more indicators of severe physical
comorbidities than men without schizophrenia. Severity of physical health conditions may be less
important than frequent engagement with health care providers.

Stratified analyses of mortality provide valuable insight into how the combined effects of
poor physical health and overdose differ by subpopulations. In the first study of this dissertation,
in which 1 did not stratify by any characteristic, the adjusted logistic regression model showed that
having higher Elixhauser scores and the presence of many serious comorbidities (e.g., liver
disease, chronic kidney disease, and congestive heart failure) were associated with 12-month
mortality. In the stratified adjusted logistic regression models in this paper, | found that physical
disease was not associated with mortality among all beneficiaries. Liver disease, chronic kidney
disease, and congestive heart failure, among other conditions, were associated with 12-month

mortality only among beneficiaries who did not have schizophrenia. Higher Elixhauser scores were
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associated with mortality in all groups except women with schizophrenia, but there was not a
statistically significant association between many chronic diseases and mortality. In fact, the only
statistically significant association found in all groups was a protective association of
hyperlipidemia. It is possible that the smaller cohort sizes of the schizophrenia groups precluded
detection of statistically significant predictors of mortality, or that these chronic diseases were
managed better among those who were also receiving treatment for schizophrenia. Disease, |
found, was not a universal predictor of 12-month mortality.

In Paper 1 of this dissertation, | found that nonelderly duals in the study cohort with an
overdose following the index event had higher 12-month mortality rates (12.3% among those who
had a subsequent OD vs. 10.5% among those without a subsequent OD, p < 0.05). Having a
subsequent opioid overdose was not statistically associated with mortality in the adjusted model
with the whole study cohort. 14-16% of beneficiaries in all groups in this analysis had an overdose
in year following index OD, but it was not a predictor in the stratified models in this study. Among
beneficiaries without schizophrenia, many chronic conditions were associated with mortality, but
it is not clear what is driving the mortality rate of beneficiaries with schizophrenia, whose 12-
month mortality rate is twice as what has been found in other populations.**1®

It may be that higher rates of outpatient care may indicate ongoing management of chronic
conditions, and be protective against subsequent mortality. On the other hand, high rates of acute
care utilization (specifically, emergency department visits with and without subsequent
hospitalization) may indicate greater severity or poorer management of illnesses. Overall,
nonelderly duals utilize health care much more than their nonelderly Medicare- and Medicaid-only
counterparts,® and this was true for each of the subgroups of this study cohort, as well. Over 70%

of beneficiaries with schizophrenia and over 55% of those without schizophrenia had at least 1
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inpatient stay in the year prior to OD. The majority of beneficiaries in all groups were seen in
outpatient EDs, as well. Virtually every beneficiary in the 20% sample (those beneficiaries for
whom | had complete outpatient data) had outpatient care in the 12 months prior to and following
the overdose.

| assessed the association between health care utilization and 12-month mortality using
predicted probabilities and a logistic regression model. Contrary to other studies,**! the number of
ED visits was not associated with higher 12-month mortality rates for any group. This may indicate
that nonelderly duals use EDs for care that requires immediate attention (e.g., pain management)
but do not have a high risk of death. | found that the predicted probability of 12-month mortality
was higher among beneficiaries with at least 1 inpatient stay in all groups. In the adjusted logistic
regression model, the number of days with an ED visit was not statistically significant. Further,
having any hospitalization in the 12 months prior to OD was associated with 12-month mortality
only among beneficiaries without schizophrenia. This aligned with my expectations: | had
expected beneficiaries who were hospitalized and did not have schizophrenia to have higher
mortality rates than those with schizophrenia, assuming that being hospitalized for reasons
unrelated to mental health would indicate worse physical health. These findings must be
interpreted with some caution, as | may have been unable to detect a statistically significant
relationship between health care utilization and mortality among the beneficiaries with
schizophrenia due to the subgroup population size.

Other populations at high risk of premature mortality following an overdose, such as
uninsured individuals, may not have access to health care services beyond the initial ED visit for
the OD. I did not find this with this study; the majority of nonelderly duals have health care visits

in hospitals, emergency departments, and outpatient settings. As affordability and access to care is
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a barrier to receiving mental health and substance use treatment,%? | found fewer than expected
visits with substance use disorders and mental health primary diagnoses. This indicates there may
be missed opportunities for care among nonelderly duals who are being treated for other
conditions. On the other hand, a willingness to be treated is a common barrier to substance use
treatment, and a qualitative assessment of barriers to care for nonelderly duals may reveal an
unwillingness to reduce opioid use, especially among beneficiaries who are using opioids to treat
chronic pain.t?

Evidence of substance misuse and treatment among nonelderly duals in this study varied
by group. Compared with women, a greater proportion of men had more outpatient and acute care
visits for substance use, suggesting they had more symptomatic substance use disorders.
Additionally, more men than women received MOUD. It is possible that the differences in
mortality rates between men and women without schizophrenia reflect disparities not captured
through their health insurance claims, such as adherence to medication'*® and social support.
Notably, no group in the study cohort had high receipt of MOUD: only 20% of men with
schizophrenia, the group with the greatest proportion of receipt, had MOUD indicated. Disparities
in MOUD utilization have been found in other studies. Pro et al. (2020)*® found that individuals
with dual mental health and OUD diagnoses have higher receipt of MOUD, and that men have
higher odds of receipt of MOUD than women. In this study, receipt of MOUD only had a
statistically significant protective effect among men without schizophrenia.

The receipt and effectiveness of MOUD in this population may be influenced by the
physical health of a beneficiary. In Paper 2 of this dissertation, | described the use of MOUD in
the study cohort, and found that less than 25% of beneficiaries with MOUD indicated had

Elixhauser scores over 1. As such, the finding in this study that more men had MOUD indicated
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might partially reflect that men in this study generally had better health than women. However, |
also found in Paper 2 that mortality rates among beneficiaries with higher Elixhauser scores were
not improved with MOUD. In the current study, | found that men without schizophrenia had higher
Elixhauser scores than those with schizophrenia, yet MOUD only had a statistically significant
protective association with 12-month mortality among men without schizophrenia. This study had
too few beneficiaries to detect differences in these groups, but a multivariate analysis with a larger
population might reveal more information about the nuances of MOUD among chronically ill
people. Furthermore, more information is needed about the duration of MOUD treatment, as other
studies have reported that Medicaid beneficiaries have insufficient duration of MOUD.%

Health care utilization following the nonfatal OD did not increase as much as expected.
Beneficiaries without schizophrenia had an increase in hospital admissions, and had more visits
with primary diagnoses for mental health and substance use disorder following the OD. Following
the OD, men were still more likely to have care for these conditions than women. Surprisingly,
outpatient utilization did not increase dramatically, despite expectations to see nonelderly duals
having an increase in visits for follow-up care to the OD. It could be that health care utilization in
all settings was so high prior to the OD that behavior did not have much room to change following
the OD.

STRENGTHS AND LIMITATIONS

As far as | know, this study is the first of its kind to use 100% nationwide claims to study
health care utilization among nonelderly duals who survived nonfatal opioid overdose. These data
allowed a description all inpatient and emergency care received by nonelderly duals prior to and
following the overdose. | was able to detect differences in care between groups that might not be

apparent in a smaller sample. The finding that men with schizophrenia had MOUD indicated more
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than other groups suggests that nonelderly duals have different patterns of treatment than their
peers in the general population. However, mortality is a rare outcome, and as such, my ability to
explore all the possible comorbidities associated with mortality was limited.

The findings from this study may not be generalizable to other populations. I limited the
study cohort to beneficiaries who had fee-for-service coverage to capture detailed information
about each visit. Nonelderly duals in this study were all full duals for the entire study period so |
could ensure all visits would be included. It is possible that beneficiaries with care provided
through health maintenance organizations or who are not full duals have different patterns of care
and outcomes.

Finally, 1 used a 20% sample of claims with outpatient care. The descriptive results of care
among these beneficiaries may differ from those of 100% cohort. However, 1 do not expect
outpatient care in this sample to differ meaningfully from the full study cohort because it is the
most common form of care.

CONCLUSION

16.2% of nonelderly duals in this study cohort have schizophrenia, a well-known risk factor
for substance use and premature mortality. | found that beneficiaries with schizophrenia had
greater use of health care services both prior to and following a nonfatal opioid overdose. Overall,
men without schizophrenia had the highest 12-month mortality rate, although they had more visits
for substance use disorder and fewer overall indicators of poor health than women. Existing
relationships with health care providers may provide an opportunity to deliver MOUD, a

potentially life-saving treatment, to more populations.
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Appendix 7. ICD Codes for Mental Health and Substance Use Disorder Visits

Visits were classified as Mental Health visits if the primary diagnosis code included 1CD-9 codes
290-319 and ICD-10 are FO1-F99, excluding ICD-9/ICD-10 codes that were used for substance

use diagnoses (below).

ICD-9 codes

ICD-10 codes

291.0 291.0, 291.1, 291.2, 291.3, 291.4, 291.5,
291.8, 291.81, 291.82, 291.89, 291.9, 303.00,
303.01, 303.02, 303.90, 303.91, 303.92, 305.00,
305.01, 305.02, 357.5, 425.5, 535.30, 535.31,
571.0,571.1,571.2,571.3, 760.71, 980.0,
V65.42, V79.1, E860.0

292.0, 292.11, 292.12, 292.2, 292.81, 292.82,
292.83, 292.84, 292.85, 292.89, 292.9, 304.00,
304.01, 304.02, 304.10, 304.11, 304.12, 304.2,
304.20, 304.21, 304.22, 304.3, 304.30, 304.31,
304.32, 304.4, 304.40, 304.41, 304.42, 304.5,
304.50, 304.51, 304.52, 304.6, 304.60, 304.61,
304.62, 304.7, 304.70, 304.71, 304.72, 304.8,
304.80, 304.81, 304.82, 304.9, 304.90, 304.91,
304.92, 305.2, 305.20, 305.21, 305.22, 305.3,
305.30, 305.31, 305.32, 305.4, 305.40, 305.41,
305.42, 305.5, 305.50, 305.51, 305.52, 305.6,
305.60, 305.61, 305.62, 305.7, 305.70, 305.71,
305.72, 305.8, 305.80, 305.81, 305.82, 305.9,
305.90, 305.91, 305.92, 648.3, 648.30, 648.31,
648.32, 648.33, 648.34, 655.5, 655.50, 655.51,
655.53, 760.72, 760.73, 760.75, 779.5, 965.0,
965.00, 965.01, 965.02, 965.09, V65.42,
E850.0

F10.1, F10.2, F10.9, G62.1, 142.6, K29.20,
K29.21, K70.0, K70.10, K70.11, K70.2, K70.30,
K70.31, K70.40, K70.41, K70.9, P04.3, Q86.0,
T51.0X1A, T51.0X2A, T51.0X3A, T51.0X4A,
Z13.89, Z71.41,Z71.42, Z71.51, Z71.52, Z71.6

F11.1, F11.2, F11.9, F12.1, F12.2, F12.9, F13.1,
F13.2, F13.9, F14.1, F14.2, F14.9, F15.1, F15.2,
F15.9, F16.1, F16.2, F16.9, F17.203, F17.208,
F17.209, F17.213, F17.218, F17.219, F17.223,
F17.228, F17.229, F17.293, F17.298, F17.299,
F18.1, F18.2, F18.9, F19.1, F19.2, F19.9, F55.0,
F55.1, F55.2, F55.3, F55.4, F55.8, 035.5XXO0,
035.5XX1, 035.5XX2, 035.5XX83, 035.5XX4,
035.5XX5, 035.5XX9, T40.691A, T40.692A,
T40.693A, T40.694A, 099.320, 099.321,
099.322, 099.323, 099.324, 099.325, P04.41,
P04.49, P96.1, P96.2, T40.0X1A, T40.0X2A,
T40.0X3A, T40.0X4A, T40.0X5A, T40.0X5S,
T40.1X1A, T40.1X2A, T40.1X3A, T40.1X4A,
T40.2X1A, T40.2X2A, T40.2X3A, T40.2X4A,
T40.3X1A, T40.3X2A, T40.3X3A, T40.3X4A,
T40.3X5A, T40.3X5S, T40.4X1A, T40.4X2A,
T40.4X3A, T40.4X4A, T40.7X1A, T40.8X1A,
T40.601A, T40.602A, T40.603A, T40.604A,
T40.691A, T40.692A, T40.693A, T40.694A,
T40.901A, T40.991A, Z71.41, Z71.42, Z71.51,
Z7152,771.6
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Appendix 8. Inpatient and Outpatient Facility Types

Table A8.1 Inpatient Facility Type

Provider Number Special Unit Code in “M” Inpatient psychiatric facility
or “S”; or last 4 digits of MedPAR provider
number >= 4000 and <= 4499

Last 4 digits of MedPAR provider <= 1399 Acute care facility

Last 4 digits of MedPAR provider >= 2000 & | Long-term hospitals; Rehabilitation hospitals;
not between 4000 and 4499

Skilled nursing facilities

Table A8.2 Outpatient Facility Type

04

Homeless Shelter

A facility or location whose primary purpose is to
provide temporary housing to homeless individuals
(e.g., emergency shelters, individual or family
shelters).

(Effective January 1, 2003)

Office

Location, other than a hospital, skilled nursing facility
(SNF), military treatment facility, community health
center, State or local public health clinic, or
intermediate care facility (ICF), where the health
professional routinely provides health examinations,
diagnosis, and treatment of illness or injury on an
ambulatory basis.

Mobile Unit

A facility/unit that moves from place-to-place
equipped to provide preventive, screening, diagnostic,
and/or treatment services.

(Effective January 1, 2003)

Walk-in Retail Health
Clinic

A walk-in health clinic, other than an office, urgent
care facility, pharmacy or independent clinic and not
described by any other Place of Service code, that is
located within a retail operation and provides, on an
ambulatory basis, preventive and primary care
services. (This code is available for use immediately
with a final effective date of May 1, 2010)

134



A portion of an off-campus hospital provider based
department which provides diagnostic, therapeutic
Off Campus-Outpatient | (both surgical and nonsurgical), and rehabilitation
Hospital services to sick or injured persons who do not require
hospitalization or institutionalization. (Effective
January 1, 2016)

A portion of a hospital’s main campus which provides
diagnostic, therapeutic (both surgical and

On Campus-Outpatient nonsurgical), and rehabilitation services to sick or
Hospital injured persons who do not require hospitalization or
institutionalization. (Description change effective
January 1, 2016)

A location, not part of a hospital and not described by
any other Place of Service code, that is organized and
operated to provide preventive, diagnostic,

49 Independent Clinic therapeutic, rehabilitative, or palliative services to
outpatients only.

19

22

(Effective October 1, 2003)

A facility located in a medically underserved area that
Federally Qualified provides Medicare beneficiaries preventive primary
Health Center medical care under the general direction of a
physician.

A facility for the diagnosis and treatment of mental
ilness that provides a planned therapeutic program for
Psychiatric Facility- patients who do not require full time hospitalization,
Partial Hospitalization but who need broader programs than are possible from
outpatient visits to a hospital-based or hospital-
affiliated facility.

50

52

A facility that provides the following services:
outpatient services, including specialized outpatient
services for children, the elderly, individuals who are
chronically ill, and residents of the CMHC's mental
health services area who have been discharged from
inpatient treatment at a mental health facility; 24 hour
a day emergency care services; day treatment, other
partial hospitalization services, or psychosocial
rehabilitation services; screening for patients being
considered for admission to State mental health
facilities to determine the appropriateness of such
admission; and consultation and education services.

Community Mental

53 Health Center
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A location which provides treatment for substance
(alcohol and drug) abuse on an ambulatory

Non-residential basis. Services include individual and group therapy
57 Substance Abuse and counseling, family counseling, laboratory tests,
Treatment Facility drugs and supplies, and psychological testing.

(Effective October 1, 2003)

A facility maintained by either State or local health

71 Public Health Clinic departments that provides ambulatory primary medical
care under the general direction of a physician.

A certified facility which is located in a rural
medically underserved area that provides ambulatory
primary medical care under the general direction of a
physician.

72 Rural Health Clinic
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Appendix 9. Characteristics of 20% Sample of Nonelderly Duals Who Survived Nonfatal Opioid Overdose by Sex and Schizophrenia

Diagnosis

Table A9.1. Characteristics of 20% Sample of Nonelderly Duals Who Survived Nonfatal Opioid Overdose by Sex and Schizophrenia

Diagnosis, 2014-2016

Schizophrenia No Schizophrenia

Schizophrenia

No Schizophrenia

Diagnosis Diagnosis Diagnosis Diagnosis
(N=243) (N=1477) (N=245) (N=934)
12-Month Mortality 8.2 10.4 114 12.7
Age, years, mean(SD) 47.6 (10.4) 49.3 (9.93) 449 (11.2) 48.3 (10.8)
Race/Ethnicity, n (%)
Non-Hispanic White 170 (70.0) 1162 (78.7) 162 (66.1) 699 (74.8)
Black or African American 48 (19.8) 184 (12.5) 44 (18.0) 119 (12.7)
Other 25 (10.3) 131 (8.9) 39 (15.9) 116 (12.4)
Elixhauser score, n (%)
<0 74 (30.5) 404 (27.4) 98 (40.0) 261 (27.9)
0 78 (32.1) 538 (36.4) 75 (30.6) 336 (36.0)
1-4 32 (13.2) 182 (12.3) 23 (9.4) 90 (9.6)
>=5 59 (24.3) 353 (23.9) 49 (20.0) 247 (26.4)
Years with diagnosed opioid use
disorder prior to index overdose, -3.73 (4.41) -2.89 (3.89) -3.87 (4.51) -3.49 (4.33)
mean(SD)
No diagnosis prior to OD 30 (12.3) 252 (17.1) 30 (12.2) 173 (18.5)
Any opioid overdose in 12 months
fo||>(/)w|iong index overdose, n (%) 41 (16.9) 217 (14.7) 39 (15.9) 159 (17.0)
Mental disorders, n (%)
Bipolar 196 (80.7) 648 (43.9) 171 (69.8) 346 (37.0)
Major depressive affective disorder 212 (87.2) 1158 (78.4) 184 (75.1) 600 (64.2)



8T

Attention deficit hyperactivity disorder
(ADHD) and other conduct disorders
Anxiety
Personality disorders
Post-traumatic stress disorder
Substance use disorders, n (%)
Alcohol use disorder
Opioid use disorder
Medication for opioid use disorder
Tobacco use disorder
Other chronic conditions, n (%)
Chronic kidney disease
Chronic obstructive pulmonary disease
(COPD)
Congestive heart failure
Liver disease
Number of serious chronic
conditions*, n (%)
0-1

2-4
5-8

40 (16.5)

216 (88.9)
84 (34.6)
88 (36.2)

75 (30.9)
204 (84.0)
25 (10.3)
187 (77.0)

94 (38.7)

107 (44.0)

64 (26.3)
39 (16.0)

90 (37.0)
118 (48.6)
35 (14.4)

169 (11.4)

1167 (79.0)
251 (17.0)
354 (24.0)

370 (25.1)
1169 (79.1)
167 (11.3)
996 (67.4)

547 (37.0)

581 (39.3)

320 (21.7)
225 (15.2)

633 (42.9)
681 (46.1)
163 (11.0)

54 (22.0)

196 (80.0)
68 (27.8)
53 (21.6)

132 (53.9)
202 (82.4)
43 (17.6)
209 (85.3)

79 (32.2)

88 (35.9)

44 (18.0)
40 (16.3)

121 (49.4)
99 (40.4)
25 (10.2)

126 (13.5)

612 (65.5)
116 (12.4)
138 (14.8)

323 (34.6)
724 (77.5)
144 (15.4)
649 (69.5)

332 (35.5)

300 (32.1)

185 (19.8)
157 (16.8)

418 (44.8)
412 (44.1)
104 (11.1)

*Liver disease, chronic kidney disease, congestive heart failure, congestive obstructive pulmonary disease, atrial

fibrillation, ischemic heart disease, stroke, and/or hypertension.



Dissertation Conclusion

A national state of emergency was announced in October 2017 in response to a dramatic
increase in opioid overdose deaths. Despite the best efforts of public health professionals, social
workers, and physicians, the opioid epidemic continues to wreak havoc in America. Tens of
thousands of people die every year of opioid overdoses, and even more die of opioid-related
causes. The effect of the epidemic among Medicare and Medicaid beneficiaries, 2 large
populations with significant risk factors for overdose and mortality, have been well
documented.?>31%:% To my knowledge, this dissertation is the first study to investigate the impact
of the opioid epidemic among nonelderly, dually eligible Medicare and Medicaid beneficiaries, a
group with unique physical and social risk factors for subsequent opioid overdose and death.

In this dissertation, | explored the impact of the opioid epidemic among nonelderly duals
by asking three overarching research questions: 1) What is the epidemiology of nonfatal opioid
overdose and 12-month mortality? 2) What is the association between medication for opioid use
disorder and 12-month mortality? 3) What are the health care utilization behaviors prior to and
following a nonfatal opioid overdose? As | hypothesized that the answers to these questions might
vary between subpopulations of nonelderly duals, | investigated differences between groups in
addition to studying the overall population.

| found that nearly 11% of nonelderly duals in this study cohort died within 12 months of
a nonfatal opioid overdose. This is about twice as high as has been found in other populations,4114
and more than 5 times higher than the 12-month mortality rate observed among members of the
comparison population who did not overdose. Although members of this study cohort had high
rates of dangerous comorbidities—for example, more than 20% of beneficiaries who overdosed

had congestive heart failure—there was a synergistic effect between having a comorbidity and
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surviving an opioid overdose that amplified mortality rates in this population. The average time to
death following the index event was 5 months, and virtually all beneficiaries saw health care
providers in this period. However, only 14% of nonelderly duals had MOUD indicated, although
all beneficiaries had coverage of buprenorphine and naltrexone through Medicare, and many had
methadone covered through Medicaid. Additionally, outpatient visits to treat substance use
disorder were rare. | found that more men than women received MOUD and had health care visits
for SUD. On the whole, women had more indicators of poor health than men. Men, nevertheless,
had higher 12-month mortality rates than women, and MOUD had a statistically significant
association with lower mortality only among men. In addition to broader Medicare and Medicaid
policies that would improve access to MOUD, therefore, nonelderly duals would also benefit from
targeted interventions from physicians and social workers that address the issues affecting different
subpopulations. These significance of the findings of these studies can best be understood in the
context of the Medicare & Medicaid opioid treatment benefits in the plans during the study years
and at present.
MEDICARE & MEDICAID OPIOID TREATMENT POLICY

One of the most significant findings from these studies was the low proportion of
beneficiaries with insurance claims for outpatient care for substance use disorder and MOUD.
Despite having buprenorphine included in the Medicare formulary during the study years, and
methadone available in outpatient settings through many state’s standard Medicaid programs, very
few beneficiaries were treated with MOUD. In the years of this study, nonelderly duals who lived
in the states without methadone covered in their state Medicaid programs did not have access to
methadone through either payer. The same disparity in coverage occurred in outpatient SUD

treatment services, such as counseling: nonelderly duals only had their services covered if they
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lived in states with the service included in the Medicaid plan. As cost is a significant barrier to
receiving care,** and nonelderly duals are a low-income population, it is likely out-of-pocket
payments were not affordable for many beneficiaries with OUD.

Even nonelderly duals who lived in states with greater treatment coverage depended on
their providers having and using the waiver to prescribe buprenorphine, or having access to a
methadone clinic or other treatment center. Studies with data contemporaneous to this dissertation
suggest that these barriers may have contributed to the low uptake of treatment. In the study years,
family medicine and internal medicine practitioners comprised two-thirds of outpatient
buprenorphine prescribers for Medicare beneficiaries, yet they constituted the lowest proportion
of active buprenorphine prescribers.*

Geographic barriers may also have affected MOUD uptake and influenced mortality. In
this dissertation, | studied 12-month all-cause mortality instead of fatal opioid overdose. My
limited access to data with cause of death precluded a determination of statistically significant
differences between characteristics of fatal opioid overdoses and deaths from other causes.
However, opioid overdose deaths are often misclassified,?® and long-term opioid misuse indirectly
causes many deaths from other causes. As such, | felt overall mortality was an appropriate outcome
for this population. About 40% of U.S. counties did not have an outpatient SUD facility that
accepted Medicaid and could deliver MOUD.5? Of the 10 states with the highest proportion of
counties without an outpatient SUD facility that accepted Medicaid,> 3 states (North Dakota,
South Dakota, and Nevada) did not have enough beneficiaries in the study cohort to report 12-
month mortality rates due to CMS privacy guidelines. States with the highest proportion of
counties without access to an SUD facility that accepted Medicaid (in rank order) were: Arkansas

(12-month all-cause mortality rate of 23.5%), Texas (12-month all-cause mortality rate of 11.9%),
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Louisiana (12-month all-cause mortality rate of 6.6%), Idaho (12-month all-cause mortality rate
of 11.7%), and Nebraska (12-month all-cause mortality rate of 13.4%). With the exception of
Louisiana, each of these states had higher 12-month mortality rates than that of the total study
cohort. Such concerning and suggestive finding, though not definitive, merit closer investigation.
| cannot discern from the data how much of the all-cause mortality rate is attributable to lack of
MOUD. | suspect the availability of facilities that offer MOUD is related to all-cause mortality,
but it is also reflective of access to general level of health and access to all health care providers.
In 2020, Medicare, the primary payer of care for duals, adopted the Substance Use-
Disorder Prevention That Promotes Opioid Recovery and Treatment (SUPPORT) for Patients and
Communities Act. This Act requires Medicare plans to cover OUD treatment, including
methadone and behavioral health services at opioid treatment programs (OTPs). OTPs are key to
addressing the opioid epidemic, as they are required to provide adequate medical, counseling,
vocational, educational, and other assessment and treatment services. Office-based care is an
important aspect of Medicare plans, as OTPs are not available in every state, as described in the
above section. Medicare has tried to ease the burden on buprenorphine prescribers to address the
imbalance of patients and providers. In 2021, the 8-hour training requirement was lifted for
physicians providing MOUD to fewer than 30 patients. Behavioral therapy is not required for
office-based care, and the U.S. Office of the Inspector General (OIG) found that less than half of
beneficiaries (47%) who receive office-based MOUD also received recommended behavioral
therapy.!*® These findings align with this study, in which very few beneficiaries had mental health
or SUD outpatient care, although almost everyone saw outpatient providers prior to and following

the overdose.
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The OIG reported concerns about other gaps in OUD treatment in Medicare plans after the
SUPPORT Act was implemented. The OIG reported that in 2020, only 16% of beneficiaries with
OUD received MOUD, and rates varied greatly substantially across the country.™® Fifty-six
percent of Medicare beneficiaries with OUD in Vermont received MOUD in 2020, whereas
Florida, Texas, Kansas, and Nevada had the lowest rates of MOUD receipt in the country at less
than 8% (OIG, 2021). The sex disparity | found in this study cohort was reflected in the general
Medicare population in the OIG report: 13% of female and 19% of male beneficiaries received
MOUD in 2020. Finally, the OIG report noted racial disparities in the receipt of MOUD, an
analysis that data limitations precluded me from including. Compared with the general Medicare
population, nonelderly duals are a more racially diverse population and that a greater proportion
are female. As such, | suspect that the disparities | found in the study persisted after the study
years, and that the racial disparities found by the OIG report are worse among nonelderly duals.

There are other concerns that Medicare has not addressed in the SUPPORT Act. In 2021,
Deborah Steinberg and Ellen Weber of the Legal Action Center compared Medicare’s coverage of
SUD benefits to the SUD continuum of care standards that have been developed by the American
Society of Addiction Medicine (ASAM).% These authors note several significant gaps in Medicare
coverage that potentially affect the ability of nonelderly duals to access opioid use treatment. For
instance, although Medicare covers office-based care and OTPs, freestanding SUD treatment
facilities are not covered, nor are many licensed counselors and certified addiction counselors.

As of January 1, 2023, Medicare has covered telehealth treatment services delivered by
OTPs, regardless of the location of the beneficiary (previously, only rural beneficairies were
eligible for this benefit). This expansion of telehealth coverage does not extend to office-based

opioid treatment. However, it is likely that many nonelderly duals will benefit from this expansion,
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as barriers such as geographic proximity, transportation, and perceived stigma are reduced.
Preliminary evaluations of these expanded policies show promising results: Medicare beneficiaries
with access to telehealth for substance use disorder treatment and MOUD during the COVID-19
pandemic had significantly lower odds of fatal drug overdose, compared with those not receiving
MOUD.!® At the same time, beneficiaries without reliable access to the internet, or who do not
have the required video function, may need extra attention to ensure equitable access to care.

Not all nonelderly duals are reliant on standard Medicare coverage for their opioid use
disorder treatment. Medicaid managed care plans are subject to the 2008 Mental Health Parity and
Addiction Equity Act (Parity Act), which requires health plans that offer SUD and mental health
benefits to provide coverage that is on par with the medical and surgical benefits they offer. In
2020, seventy-eight percent of full duals of all ages were enrolled in some time of Medicaid
managed care plans during the year.'® Nonelderly duals who live in a state with a section 1115
demonstrations that focuses on substance use disorder may also have better access to treatment.
For many ongoing evaluation metrics, states with 1115 SUD demonstrations are required to
specifically calculate and report metrics for duals. Analyses such as those completed in this
dissertation can provide a benchmark for access to care from the mid-2010s to today.

Even with the improvements to opioid use disorder treatment, there are disparities in access
to care. Nonelderly duals who are not on managed care plans do not have the same guarantee of
parity between SUD benefits and medical and surgical benefits. Those who live in states without
1115 waivers may have piecemeal access to benefits along the continuum of care, such as
expanding access to residential treatment services. Beneficiaries without access to the internet may
not be able to access telehealth services. There is a concerted effort within CMS to improve access

to health care among duals by increasing enrollment in integrated care plans, which would help
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duals who experience fragmented care, but as of 2020, only 10% of duals were enrolled in one of
these plans.**” Work still remains to address remaining gaps in care among nonelderly duals with
OoubD.

SOCIAL WORK IMPLICATIONS

Social workers are key stakeholders role in the fight against the opioid epidemic in the U.S.
In their work with their clients in hospitals, mental health clinics, community outreach centers, and
other settings, social workers have myriad roles: counselors, advocates, outreach workers, case
managers, and others.

Social workers are trained to identify and contextual the micro, mezzo, and macro practice
and policy issues related to substance use. | studied micro-level predictors of 12-month mortality,
and described the mezzo- and macro-level factors that may have influenced utilization and
mortality outcomes. This knowledge can help social workers better understand the risk factors for
mortality among their nonelderly dual clients who have OUD, and strategize about how best to
help them.

Some of the findings about micro-level predictors for 12-month mortality aligned with
expectations: heroin involvement in the index opioid overdose, a history of opioid overdose, and
having a higher Elixhauser score of disease severity. It countered expectations to discover that
having alcohol use disorder, viral hepatitis, and HIVV/AIDS were not associated with higher odds
of mortality. These results also highlighted the synergistic effect of having certain chronic
conditions in addition to surviving an opioid overdose. For social workers, these findings can help
them identify which of their clients might need more help in seeking care, particularly since among
nonelderly duals, OUD is often a secondary diagnosis, a distinction that is associated with lower

chances of being treated with MOUD.& A physician may choose to prioritize treatment for another
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condition because it is clinically dominant, such as heart failure, or is highly symptomatic, such as
fibromyalgia.

On a mezzo-level, which considers the environment, clients may be hindered from
accessing treatment if they live in a geographic location that does not have any or many substance
use treatment facilities.>? They may need help finding facilities, or arranging transportation to
treatment. There may also be mezzo-level factors that make it more difficult for women than men
to seek care. Social workers may be able to address some of these barriers, such as whether women
need to arrange childcare. Social workers may need to employ different strategies to engage and
maintain their female clients in treatment.

There are also macro-level considerations, such as Medicare and Medicaid policies on who
can prescribe MOUD, and in what location they can deliver treatment. | found that beneficiaries
who overdosed, on average, were diagnosed with OUD 3 years prior to their index overdose. There
may have been policy-related reasons that nonelderly duals were unable to treat their OUD before
it progressed to the point of overdose. Nonelderly duals also had high rates of visits to emergency
departments prior to and following their overdose. Social workers are well-situated to help
nonelderly duals set up and maintain vital health care. In general, clients may benefit by having
someone advocate for treating their OUD in health care and treatment settings.

Knowledge of each of factors can help social workers identify the available treatments that
may be available to their clients. They are uniquely placed to consider individuals in the context
of their lives, and actual barriers. Physicians and other stakeholders who cannot view the individual
in a holistic way may not understand why an individual cannot access or maintain care.
Furthermore, they may not realize, as a social worker might, that even if an individual is not ready

to stop misusing opioids, there are intermediate steps that can be undertaken to support the person.
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Social workers can understand each of the micro-, mezzo-, and macro-level factors of addiction
can influence treatment initiation, retention, adherence, and success. They are well-equipped to
employ a person-in-environment perspective that can improve the wellbeing of their clients and
the families.
FINAL NOTES

The studies presented in this dissertation are not without limitations. I studied nonelderly
full duals with fee-for-service plans so | could examine health care utilization in granular detail.
These studies may not be generalizable to the overall dual population. It is likely that older duals,
partial duals, and duals with managed care plans differ than the duals in this study. Partial duals
have similar risk factors to full duals—the income and asset requirements are still very low. | do
not know how duals with managed care plans differ; it is possible they are healthier or seek health
care more. The risk of opioid overdose and mortality among older duals is a study that merits
independent research. Although the majority of overdoses occur in younger populations, opioid
misuse is a growing problem among older Americans.

| was also limited in my data access. | had death certificate data for 2015 and 2016 only,
and as such, could not study cause of death for all beneficiaries in my study who died within 12
months. | compared those with death certificate data and those without data, and determined they
were statistically similar. However, the lack of complete data reduced my data to the point where
| could not obtain statistically significant predictors of subsequent fatal overdose or all-cause
deaths. Additionally, I had 20% of outpatient provider (“carrier”) claims. This limited the depth to
which | could describe outpatient utilization in my third paper, as beneficiaries in my study sought
outpatient care in both facilities related to hospitals (the outpatient claims to which | had access)

and the provider claims. | used the 20% sample to study outpatient care in the third paper, and
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beneficiaries in the remaining 80% would have had to be drastically different to change my
findings.

Finally, administrative changes occurred in Medicare and Medicaid in the years of these
studies that affected my study. CMS adopted ICD-10 codes on October 1, 2015, and ICD-10 codes
do not map directly onto ICD-9 codes. Because of this, | had to calculate two sets of Elixhauser
scores to approximate the health of beneficiaries, and | cannot be certain that the scores from ICD-
9 are equivalent to ICD-10. Additionally, Medicaid changed its claims from MAX to T-MSIS
format in 2015. T-MSIS data from these years varies greatly in completeness and quality.

This dissertation explores the scope of the opioid epidemic among a vulnerable, often-
overlooked population. The 4 million nonelderly duals in the U.S. need to be considered as a
distinct population in research. They are at risk of opioid overdose and premature mortality, yet,
as | found, they also have many interactions with the health care system. Medicare and Medicaid
policies have improved since the years of this study, and we need to know: are nonelderly duals
receiving the care they need to treat their OUD now? | found that on the whole, nonelderly duals
who were treated with MOUD were less likely to die within 12-months, despite high rates of
dangerous comorbidities. Policymakers need to ensure that Medicare and Medicaid policies will
not hinder access to care, eligible physicians need to obtain waivers—and follow through with
prescriptions and treatment, and social workers need to work with their clients to ensure they are
able to access and maintain treatment. Only by addressing all of these issues will the health

outcomes of nonelderly duals with OUD improve.
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