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Abstract

Aim: This study: (1) estimated the effect of early discontinuation of medication for opioid
use disorder (MOUD) on overdose probability and (2) measured the relationship
between patient characteristics and early discontinuation probability for each
MOUD type.

Design, setting and participants: This was a retrospective cohort using electronic health
record data from the US Veterans Healthcare Administration. Participants were veterans
initiating MOUD with buprenorphine (BUP), methadone (MET) or extended-release nal-
trexone (XR-NTX) from fiscal years 2012-19. A total of 39 284 veterans met eligibility
with 22 721 (57.8%) initiating BUP, 12 652 (32.2%) initiating MET and 3911 (10.0%) ini-
tiating XR-NTX.

Measurements: Measurements (1) determined whether the veteran experienced an
overdose in the 365 days after MOUD initiation (primary) and (2) early discontinuation
of MOUD, defined as discontinuation before 180 days (secondary). We assumed that
unobserved patient characteristics would jointly influence the probability of discontinua-
tion and overdose. and estimated the joint distribution with a bivariate probit model.
Findings: We found that 9.0% of BUP initiators who experienced an overdose above the
predicted 3.9% had no veteran-discontinued BUP early; findings for XR-NTX were simi-
lar, with 12.2% of initiators overdosing above the predicted 4.5%, but this was statisti-
cally inconclusive. We found no relationship between early discontinuation and
overdose for MET initiators, probably due to the high risk of both events. The patient
characteristics included in our post-estimation exploratory analysis of early discontinua-
tion varied by MOUD type, with between 14 (XR-NTX) and 25 (BUP) tested. The only
characteristics with at least one level showing a statistically significant change in proba-
bility of early discontinuation for all three MOUD types were geography and prior-year
exposure to psychotherapy, although direction and magnitude varied.

Conclusion: Early discontinuation of buprenorphine, and probably extended-release nal-
trexone, appears to be associated with a greater probability of experiencing a fatal or

non-fatal overdose among US veterans receiving medication for opioid use disorder
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(MOUD); methadone does not show the same association. There is no consistent set of
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INTRODUCTION

The opioid crisis is one of the most important public health emergen-
cies of our time [1-3]. In the decade following 2010 overdose deaths
in the United States increased nearly fourfold, with opioid overdoses
accounting for three-quarters of these deaths [3, 4]. Among US mili-
tary veterans, drug overdose mortality rates increased 53% from
2010 to 2019 [5]. Medication for opioid use disorder (MOUD)
includes maintenance treatment with methadone (MET, a full opioid
agonist), buprenorphine (BUP, a partial opioid agonist) and extended-
release naltrexone (XR-NTX, an opioid antagonist). MOUD is the stan-
dard of care because it reduces opioid-related mortality and morbidity
[6-13]. However, early MOUD discontinuation can have swift and
severe consequences for patient health [14]; for example, mortality
increases sixfold in the 4 weeks following MOUD discontinuation [13].
Unfortunately, only 50-60% of patients remain on MOUD for the
recommended minimum of 6 months, a minimum duration of treat-
ment set by the Health Effectiveness Data and Information Set
(HEDIS) and National Committee on Quality Assurance [15-18].

A recent Agency for Healthcare Research and Quality review
found no evidence-based practices for mitigating early MOUD discon-
tinuation for agonist/partial agonist therapy and only some evidence
that one intervention (contingency management) may mitigate early
MOUD discontinuation for antagonist therapy [19]. In addition to
developing interventions, a possible approach to mitigating early
MOUD discontinuation would be using patient characteristics to
select the MOUD with which patients are most likely to be successful.
For example, there is some evidence that patients with depression
might benefit more from BUP than from MET [20]. There is also evi-
dence that individuals who are White or used cocaine at baseline
respond better to MET than to BUP [21]. Evidence from a recent ran-
domized comparative-effectiveness trial found that unhoused patients
on XR-NTX have lower discontinuation rates, while patients with per-
manent shelter had lower discontinuation rates with BUP [22]. Sec-
ondary analyses of clinical trials have attempted to identify patient
characteristics  associated with better treatment outcomes
(e.g. retention, abstinence); however, clinical trials often exclude con-
ditions prevalent in clinical populations, such as co-occurring sub-
stance use disorders, that may be predictive of treatment outcomes.
Therefore, scant evidence exists on which to personalize the selection
of the type of MOUD to mitigate early MOUD discontinuation
[23-26].

Each type of MOUD provides differing advantages, disadvantages
and challenges that can diminish or enhance its efficacy [27]. Qualita-

tive data suggest that a mismatch between MOUD type initiated and

characteristics among early discontinuers by MOUD type.

Geographic disparities, medication treatment for opioid use disorder, opioid use disorder, overdose,
racial disparities, veterans

patient characteristics or preferences could lead to early discontinua-
tion. For example, withdrawal, the lack of adequate pain control or
the ability to have telemedicine appointments have been reasons
identified for early discontinuation that vary by MOUD type [28]. Cli-
nicians need more information to help minimize the probability of dis-
continuation and overdose once initiated on a given type of MOUD.
However, limited evidence exists regarding how the probability of
early MOUD discontinuation could be minimized with greater person-
alization of MOUD following initiation on a given type of MOUD,
which is vital for veterans, given the substantial increase in drug over-
dose mortality rates over the past decade.

Using real-world data from the Veterans Health Administration
(VHA), the largest integrated health-care system and largest OUD
treatment provider in the United States [29], this study estimates the
association between early discontinuation of MOUD and the proba-
bility of experiencing a fatal or non-fatal overdose for each of the
three MOUD types: BUP, MET and XR-NTX. We hypothesized that
veterans who discontinued MOUD early would have a higher proba-
bility of experiencing a fatal or non-fatal overdose compared to those
who were retained on treatment for at least 180 days among all
MOUD types; however, we also hypothesized that the magnitude of
the probability would differ by MOUD type, as early discontinuation
rates have been shown recently to differ by MOUD type [30]. In an
exploratory analysis, we also sought to quantify the association
between patient characteristics and the probability of early discontin-
uation by MOUD type to support future MOUD personalization
efforts.

METHODS
Study design and data sources

This study was a National Drug Abuse Treatment Clinical Trials Net-
work study (CTN-0142) [31, 32]. The analysis plan was pre-specified
and is available at the National Drug Abuse Treatment Clinical Trials
Network Dissemination Library. CTN-0142 had two objectives; this
paper reports on the findings from the first objective.

This retrospective cohort study used VHA's Corporate Data
Warehouse (CDW) linked with the VHA/DoD Mortality Data Reposi-
tory [33]. The primary (distal) outcome was overdose within 1 year of
MOUD initiation. The exposure of interest was discontinuation of
MOUD before completing 180 days of therapy (‘early discontinua-
tion’). The exposure was also treated as a secondary (proximal) out-

come of interest, as we sought to explore patient factors associated
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with early discontinuation. The analysis plan was pre-specified and is
available at the National Drug Abuse Treatment Clinical Trials Net-
work Dissemination Library (CTN-0142) [31, 32]. However, as the
analysis plan was not pre-registered, the results should be considered
exploratory.

The CDW contains a wide range of abstracted electronic
health record (EHR) data, together with detailed personal data col-
lected at the time the veteran enrolled in VHA, during eligibility
assessment or review, and demographic information collected or
confirmed during health-care encounters. The CDW also contains
treating facility and provider characteristics from VHA administra-
tive data. In addition to linking with the Mortality Data Repository,
we linked veteran ZIP codes to Rural-Urban Commuting Area
(RUCA) codes [34] and linked veteran county to the Social Vulner-
ability Index (SVI) from the US Centers for Disease Control and
Prevention/Agency for Toxic Substances and Disease Registry
(CDC/ATSDR) [35, 36].

The study was approved by the Central Arkansas Veterans
Healthcare System Institutional Review Board. We report results
using the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [37].

Study population and cohort identification

The study was set in all VHA facilities that were operational in the
United States at any time during the study, providing geographic rep-
resentation for all 50 States. We screened all VHA-enrolled US mili-
tary veterans diagnosed with OUD between 1 October 2011 and
30 September 2019 (fiscal years 2012-19) who also received any
form of MOUD. OUD diagnosis was operationalized following a previ-
ously published algorithm [38]. When confirming eligibility, we
restricted prescription or dispensation records only to initiations of
BUP, MET or XR-NTX, where initiation was defined as the start of a
treatment episode with no exposure to MOUD in the 6 months prior
to the fill or administration date. We adopted the date of MOUD initi-
ation as the index date. Diagnosis codes for OUD and details on the
creation of initiation episodes can be found in the Supporting informa-
tion, Table S1.

To be eligible for the study, veterans had to (a) have a MOUD
prescription or administration record after an OUD diagnosis within
the study period [39-41], (b) be aged 18 years or older at initiation
and (c) reside in the United States. We excluded veterans (a) for
whom we could not determine the date when enrollment was com-
pleted, (b) who were not regular users of VHA or (c) who received
MOUD from a non-VHA source. We made additional exclusions of
otherwise eligible veterans if the index date did not permit a full
365 days of historical observation and follow-up. The processes for
data checking and manipulation are described in the Supporting
information.

We defined three cohorts based on the type of treatment initi-
ated. We used a previously validated VHA-specific algorithm to iden-
tify the type of MOUD used from a variety of record types [39]. Our

final analytical sample was 22 721 BUP initiators, 12 652 MET initia-
tors and 3911 XR-NTX initiators (Supporting information, Figure S1).
Table 1 provides sample characteristics for each cohort. Because all
analyses are within cohort, we did not test for statistical differences in

sample characteristics across cohorts.

Early discontinuation

other CTN

research [42], we determined that a discontinuation occurred when

Using the operational definition employed in
there was a gap in treatment exceeding 28 days. Because we are
relying on EHR data, ‘gap’ refers to the time between the last cov-
ered day from a previously documented fill (BUP) or administration
(MET and XR-NTX) and the next documented receipt of the same
medication. Early discontinuation was defined as discontinuing the
initiated type of MOUD before completing 180 days of therapy.
Medication data were taken from inpatient and outpatient

dispensations.

Outcomes

Our primary outcome of interest was the probability of experiencing a
fatal or non-fatal overdose in the 365 days following initiation. Of
note, overdoses were not restricted to occurring only after early dis-
continuation. Fatal overdoses were identified using the VHA/DoD
Mortality Data Repository [33] and non-fatal overdoses were identi-
fied using VHA inpatient and outpatient visits and VHA-paid health-
care encounters at non-VHA facilities [43].

We also use the exposure to examine a secondary outcome,
i.e. probability of early discontinuation, in an exploratory analysis of
associated patient characteristics. These outcomes were predefined in
our CTN-0142 protocol [31, 32].

Other covariates

To adjust for possible confounding associated with health system and
changes in the practice of care, we included derived measures of facil-
ity type where the initiation took place, credentials and specialty of
the provider, and initiation fiscal year using the CDW data. Additional
covariates for patient characteristics were selected based on existing
literature establishing their association with overdose or MOUD
retention [44-52].

Socio-demographic characteristics

We extracted basic demographic information: age at initiation, sex,
self-reported race and ethnicity, employment status and marital sta-
tus. To capture veteran-level social risk factors, we constructed mea-

sures of a history of justice involvement and being unhoused
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TABLE 1 Characteristics of veterans, providers and facilities by type of MOUD initiated.
Type of MOUD initiated
BUP MET XR-NTX
N =39 284 n=22721 n=12 652 n=3911
Discontinued MOUD before 180 days (n, %) 11 464 (50.5) 10721 (84.7) 3343 (85.5)
Overdose in the year after initiation (n, %) 2036 (9.0) 1007 (8.0) 477 (12.2)
MOUD fiscal year (n, %)
2012 2311 (10.2) 1877 (14.8) 78 (2.0)
2013 2480 (10.9) 1682 (13.3) 118 (3.0)
2014 2503 (11.0) 1511 (11.9) 165 (4.2)
2015 2698 (11.9) 1533 (12.1) 356 (9.1)
2016 2841 (12.5) 1947 (15.4) 599 (15.3)
2017 2915 (12.8) 1488 (11.8) 780 (19.9)
2018 3215 (14.1) 1396 (11.0) 958 (24.5)
2019 3758 (16.5) 1218 (9.6) 857 (21.9)
Age (years; mean, SD) 46.09 (14.46) 50.86 (13.96) 46.45 (13.07)
Sex (n, %)
Male 20921 (92.1) 11 815 (93.4) 3615 (92.4)
Self-identified race (n, %)
American Indian or Alaska Native 164 (0.7) 102 (0.8) 45 (1.2)
Asian 67 (0.3) 45 (0.4) 8 (0.2)
Black or African American 2680 (11.8) 3874 (30.6) 626 (16.0)
Native Hawaiian or Other Pacific Islander 124 (0.5) 60 (0.5) 15 (0.4)
White 18 332 (80.7) 7857 (62.1) 3030 (77.5)
More than one race 195 (0.9) 129 (1.0 33 (0.8)
Declined to answer 812 (3.6) 373 (2.9) 108 (2.8)
Unknown by patient 233 (1.0) 136 (1.1) 36 (0.9)
Not recorded 114 (0.5) 76 (0.6) 10 (0.3)
Self-identified ethnicity (n, %)
Hispanic or Latino 1130 (5.0) 732 (5.8) 197 (5.0)
Not Hispanic or Latino 20 744 (91.3) 11 483 (90.8) 3590 (91.8)
Declined to answer 526 (2.3) 253 (2.0) 77 (2.0)
Unknown by patient 297 (1.3) 162 (1.3) 44 (1.1)
Not recorded 24 (0.1) 22 (0.2) 3 (0.1)
Marital status (n, %)
Never married 5693 (25.1) 3439 (27.2) 1163 (29.7)
Married 6873 (30.2) 3187 (25.2) 900 (23.0)
Separated 1759 (7.7) 1142 (9.0) 331 (8.5)
Divorced 7659 (33.7) 4415 (34.9) 1416 (36.2)
Widowed 646 (2.8) 439 (3.5) 87 (2.2)
Unknown 91 (0.4) 30 (0.2) 14 (0.4)
Employment status (n, %)
Employed for others 4391 (19.3) 2084 (16.5) 706 (18.1)
Self-employed 322 (1.4) 157 (1.2) 37 (0.9)
Not employed 14 545 (64.0) 8855 (70.0) 2703 (69.1)
Retired 1947 (8.6) 1037 (8.2) 234 (6.0)
Unknown 1516 (6.7) 519 (4.1) 231 (5.9)

(Continues)
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TABLE 1 (Continued)
Type of MOUD initiated
BUP MET XR-NTX
Priority group (n, %)
1 9466 (41.7) 4355 (34.4) 1800 (46.0)
2-3 3843 (16.9) 1933 (15.3) 604 (15.4)
4 1024 (4.5) 1041 (8.2) 346 (8.8)
5 6529 (28.7) 4367 (34.5) 929 (23.8)
6 501 (2.2) 228 (1.8) 47 (1.2)
7A and 7C 311 (1.4) 192 (1.5) 48 (1.2)
8A-G 1047 (4.6) 536 (4.2) 137 (3.5)
US census region residence (n, %)
Northeast 4792 (21.1) 2601 (20.6) 1290 (33.0)
South 9040 (39.8) 4087 (32.3) 1258 (32.2)
Midwest 4033 (17.8) 3376 (26.7) 804 (20.6)
West 4856 (21.4) 2588 (20.5) 559 (14.3)
Residential rurality (n, %)
Urban 18 854 (83.0) 11 475 (90.7) 3394 (86.8)
Large rural city/town 2256 (9.9) 744 (5.9) 320 (8.2)
Isolated small rural town 1611 (7.1) 433 (3.4) 197 (5.0)
SVI score (mean, SD)
Socio-economic status 0.43 (0.24) 0.45 (0.23) 0.40 (0.24)
Household characteristics 0.38 (0.26) 0.32 (0.25) 0.32 (0.26)
Racial and ethnic minority status 0.70 (0.25) 0.78 (0.24) 0.70 (0.25)
Housing type and transportation 0.62 (0.24) 0.68 (0.23) 0.64 (0.23)
Composite SVI 0.53 (0.24) 0.57 (0.24) 0.50 (0.24)
Prior year social risk (n, %)
Justice involved 2178 (9.6) 1127 (8.9) 835 (21.4)
Unhoused 7502 (33.0) 4783 (37.8) 2339 (59.8)
Prior year health service use (n, %)
Emergency department visits 2.25 (3.81) 2.54 (4.23) 3.81 (5.67)
Psychiatric admissions 0.59 (1.09) 0.50 (1.20) 1.80 (2.05)
Non-psychiatric admissions 0.97 (1.59) 0.96 (1.74) 2.65 (2.84)
Prior year overdose history (n, %)
Opioid 731 (3.2 321 (2.5) 158 (4.0)
Other, non-opioid 1242 (5.5 570 (4.5) 413 (10.6)
Elixhauser index (mean, SD) 3.86 (2.29) 411 (2.39) 5.08 (2.51)
Prior year substance use history (n, %)
Alcohol use disorder 8606 (37.9) 5253 (41.5) 3417 (87.4)
Tobacco use disorder 12 299 (54.1) 6810 (53.8) 2849 (72.8)
Other drug use disorder 11783 (51.9) 6651 (52.6) 3064 (78.3)
Prior year mental health history (n, %)
Anxiety disorder 13 011 (57.3) 5631 (44.5) 3055 (78.1)
Bipolar disorder 2988 (13.2) 1569 (12.4) 999 (25.5)
Depression 15153 (66.7) 7799 (61.6) 3148 (80.5)
PTSD 9752 (42.9) 4410 (34.9) 2350 (60.1)
Psychotic disorder 1541 (6.8) 1178 (9.3) 630 (16.1)
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TABLE 1 (Continued)
Type of MOUD initiated
BUP MET XR-NTX
Prior year medical history (n, %)
Chronic pain 18 227 (80.2) 9990 (79.0) 3213 (82.2)
Hepatitis C 3873 (17.0) 2992 (23.6) 746 (19.1)
Prior year treatment history (n, %)
Received long-acting opioids 3122 (13.7) 1594 (12.6) 72 (1.8)
Received short-acting opioids 10 060 (44.3) 5519 (43.6) 939 (24.0)
Prior year treatment history (mean, SD)
Average opioid dose (MME) 19.95 (40.43) 20.50 (69.46) 6.31 (15.67)
Psychotherapy visits 577 (11.80) 7.19 (15.09) 19.39 (21.69)
Prior month prescription history (n, %)
Antidepressant 11 055 (48.7) 5672 (44.8) 2706 (69.2)
Benzodiazepine 3054 (13.4) 1371 (10.8) 289 (7.4)
Non-benzodiazepine hypnotics 2130 (9.4) 964 (7.6) 373 (9.5)
Skeletal muscle relaxants 3455 (15.2) 1686 (13.3) 484 (12.4)
Provider and facility characteristics
Provider credential (n, %)
MD/DO 21003 (88.0) 1204 (9.5) 1856 (47.5)
PA/NP 791 (3.5) 224 (1.8) 712 (18.2)
PharmD 164 (0.7) 135 (1.1) 188 (4.8)
OTP clinic 0 (0.0 10 146 (80.2) 0 (0.0)
Other/undetermined 763 (3.4) 943 (7.5) 1155 (29.5)
Provider specialty (n, %)
Behavioral/mental health 18 810 (82.8) 1609 (12.7) 2434 (62.2)
Primary care/internal medicine 1474 (6.5) 61 (0.5) 120 (3.1)
Emergency medicine/hospitalist 226 (1.0) 6 (0.0) 17 (0.4)
Other 2211 (9.7) 830 (6.6) 1340 (34.3)
OTP clinic 0 (0.0 10 146 (80.2) 0 (0.0)
Facility type (n, %)
VA Medical Center (VAMC) 19 993 (88.0) 12 546 (99.2) 3600 (92.0)
Outpatient health facility® 2030 (8.9) 17 (0.1) 104 (2.7)
Other outpatient services 260 (1.1) 0 (0.0) 15 (0.4)
Other 438 (1.9) 89 (0.7) 192 (4.9)

Abbreviations: BUP, buprenorphine; MET, methadone; MD/DO, medical doctor or doctor of osteopathy; MME, morphine milligram equivalents; MOUD,
medication treatment for opioid use Disorder; OTP, opioid treatment program; PA/NP, physician assistant or nurse practitioner; PharmD, doctor of
pharmacy; PTSD, post-traumatic stress disorder; SD, standard deviation; SVI, Centers for Disease Control and Prevention/Agency for Toxic Substances
and Disease Registry Social Vulnerability Index; XR-NTX, extended-release naltrexone.

2Qutpatient health facilities include Veteran Health Administration health care centers (HCCs) and community-based outpatient clinics (CBOCs).

following methods used by previous researchers [53]. We also
included a categorical variable for the veteran’s assigned VHA priority
group from the most recent eligibility data prior to the index date.
VHA priority status is a multi-faceted measure of health and social
need, determined by factors such as military service history, disability
rating, income level and Medicaid eligibility [54]. For example, priority
groups 1 and 4 have high levels of disability (the former due to
service-connected injuries and the latter otherwise having cata-
strophic injuries preventing work). Priority status also helps to deter-

mine the co-payments that veterans pay.

Area characteristics

US Census regions were used to broadly capture geographic varia-
tions in care. We used RUCA Categorization B [55] to assess rurality
of residence. Categorization B provides a three-level measure of rural-
ity: urban, large rural city/town and isolated small rural town. We used
SVI measures to capture additional risk veterans may experience from
their communities. The SVI has four themed measures of area risk:
(1) ‘socio-economic status’, (2) ‘household characteristics’, (3) ‘racial

and ethnic minority status’ and (4) ‘housing type and transportation’.
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Diagnosis and treatment characteristics

Using encounters in the 365 days before initiation, we assessed the
presence of key comorbid diagnoses: tobacco use disorder, alcohol
use disorder (AUD), other drug use disorder (e.g. cocaine use disorder,
cannabis use disorder), major depression, psychotic disorder, post-
traumatic stress disorder, anxiety disorders, bipolar disorder, hepatitis
C and chronic pain. Using the same encounters, we determined if the
veteran had a history of opioid overdose, and constructed a count of
Elixhauser comorbidities [56] and several measures of health service
use (emergency room visits, psychotherapy visits, inpatient admis-
sions, psychiatric admission). We included additional medication-
specific, proximal factors (receipt of prescription opioids, sedatives,
benzodiazepines or antidepressants) to help capture the patient's clin-
ical complexity. For medication-specific factors, we captured medica-
tion receipt only in the 30 days before initiation under the assumption
that recent exposure better indicates active treatment of the veteran’s
comorbidities.

Statistical analyses

All analyses were stratified by cohort; that is, we estimated a separate
model for each MOUD type and results cannot be statistically com-
pared across models. The initial specification for each model used all
hypothesized covariates in the equations for early discontinuation and
overdose but also included discontinuation as a predictor in the over-
dose equation. Models were refined using a process described in the
Supporting information, but always included age, sex and ethnicity.
We pre-specified a 95% confidence level for tests and confidence
intervals (Cls). We used SAS version 8.3 and SQL for data manipula-

tion and Stata version 17.0 for analyses.

Statistical model

We hypothesized that there are unobserved (in the data) patient-
specific factors that determine the probability of overdose, and that
these factors are correlated with similarly unobserved patient-
specific factors that are associated with the probability of early dis-
continuation, a phenomenon referred to in some disciplines as
‘endogeneity’. To account for this possible endogeneity, we used a
bivariate probit model [49, 57, 58]. A bivariate probit model extends
a conventional probit model to permit two outcomes of interest to
be analyzed simultaneously, including the case where one ‘outcome’
is a covariate in the other equation. Our model estimates both the
relationship between probability of overdose and early discontinua-
tion, controlling for observed covariates, and simultaneously the
relationship between probability of early discontinuation and the
observed covariates. Together with the usual coefficient estimates
of a probit model, this approach estimates p, the correlation
between the error terms in the overdose and discontinuation

equations.

Predicted probabilities and incremental effects

A probit model, like a logistic model, is used for binary outcomes to
ensure that predictions of the outcome are strictly between O and
1. Unlike a logistic model, the coefficients from a probit model cannot
be transformed into commonly presented measures; for example,
odds ratios. We adopt two approaches to interpreting the results.
First, for our main analysis, we report the average predicted probabil-
ity for a counterfactual: given the within-sample observed characteris-
tics of each MOUD cohort, what probability of overdose would we
expect if there had been no early discontinuations in the sample. This
type of counterfactual analysis is useful for highlighting what is realis-
tically possible to achieve taking all other existing characteristics of
patients as fixed, and is different from simply computing the probabil-
ity of overdose among those who do not actually discontinue within
the sample.

Alternately, these models are often interpreted using the average
marginal effect of each covariate or, in the case of a binary or categor-
ical covariate, the average incremental effect (IE). In binary models,
the IE measures changes directly on the probability scale. Average IEs
are the sample-average change in the outcome given a change in a
predictor while holding all other covariates as observed, similar to
interpretation of coefficients for linear regression. They are obtained
by taking the average of the difference in predicted probabilities when
all subjects in the sample have the exposure of interest (early discon-
tinuation) compared to when no subjects have the exposure, regard-
less of the actual experience of early discontinuation. For the primary
outcome, we computed the average IE of early discontinuation on the
probability of overdose.

An alternative approach to computing IEs is to evaluate them
where covariates are held to specified values, rather than averaging
effects over the sample. This approach, computing the IE at a
representative value, is valuable because the effect of each
deviation from the representative value can be examined in isola-
tion instead of a sample-dependent average. We adopt this
approach for our exploratory analysis of patient covariates
associated with probability of early discontinuation. A detailed
description of selecting the ‘representative’ patient is shown in the

Supporting information.

RESULTS
Early discontinuation and probability of overdose

Table 2 presents the results from our primary analysis. The first row
of panel | shows the sample average predicted probability of overdose
if no veterans in the cohort discontinued early but otherwise kept all
their same characteristics. Among veterans who initiated BUP, the
predicted probability is 3.9% (95% Cl = 3.2 to 4.6%). This can be com-
pared to the observed rate of 9.0% from Table 1. Results for MET and
XR-NTX are interpreted analogously, with predicted probabilities of
8.4% (MET) and 4.5% (XR-NTX), although the XR-NTX estimate
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TABLE 2 Effect of early discontinuation on overdose by MOUD type.

SSA L

BUP MET XR-NTX
Panel |
Predicted Pr of overdose without early discontinuation 3.9% 8.4% 4.5%
[3.2%, 4.6%] [3.3%, 13.4%] [-6.7%, 15.7%]
IE of early discontinuation 14.0 -0.5 9.5
[9.4, 18.6] [-6.2,5.2] [-7.9,27.0]
Panel Il
p -0.350 0.072 -0.217
[-0.493, -0.189] [-0.153, 0.291] [-0.845, 0.663]
¥ p=0 16.9121 0.3880 0.1798
P-value 0.0000 0.5334 0.6716
BIC 42956.74 17200.32 6510.56
Number of observations 22721 12 652 3911

Note: Items in bold type are significantly different from zero at the 5% or lower level.
Abbreviations: BUP, buprenorphine; IE, incremental effect; MET, methadone; MOUD, medication treatment for opioid use disorder; Pr, probability; XR-

NTX, extended-release naltrexone.
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cannot be statistically differentiated from 0. The observed rates of
overdose from Table 1 is 8.0% among MET initiators and 12.2%
among XR-NTX initiators.

A statistically significant average IE of early discontinuation was
found only in the BUP cohort, with an average increased probability
of 14.0 percentage points (95% Cl = 9.4 to 18.6) after early discon-
tinuation, all else being constant. The IE for XR-NTX was consistent
in size and direction with early discontinuation increasing the proba-
bility of overdose, but there is insufficient precision to distinguish it
from zero [9.5 percentage points (95% Cl = -7.9 to 27.0)]. The esti-
mated |E of early discontinuation among MET initiators was -0.5
percentage points (95% Cl =-6.2 to 5.2), which is not statistically
significant.

Panel Il shows the correlation between the two error terms.
Among BUP initiators, p is -0.350 and significantly different from
0. This is consistent with our hypothesis, that unmeasured factors
associated with early discontinuation are correlated with unmeasured
factors that predict overdose. The estimate of p for XR-NTX is of simi-

lar magnitude and direction but cannot be statistically distinguished
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from 0. The estimate for MET is smaller, positive and not statistically

significant. Full final model specifications are available from the corre-

sponding author upon request.

Patient characteristics and probability of early
discontinuation

The predicted probability of early discontinuation for the representa-
tive patient was 45.2% in the BUP cohort (Figure 1), 79.7% in the
MET cohort (Figure 2), and 78.7% in the XR-NTX cohort (Figure 3).
Figures 1-3 also display the IEs and 95% Cls for deviations from the
representative patient’s characteristics, computed using each cohort’s
final model (underlying numeric values in Supporting information,
Tables S2-54). Characteristics with Cls that do not cross the 0.0 line
are statistically different from O at the 95% level, and are shown in
dark blue. The IEs of dropped covariates are, by definition, 0. These,
together with any non-patient characteristics that are in the model,

are excluded from the calculation of the patient characteristic IEs.
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Patient sociodemographics Area characteristics

Diagnosis and treatment history
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Because patient characteristics were included in this exploratory anal-
ysis only if they had a statistically significant association in the cohort-
specific model, the number of characteristics varied by MOUD type,
ranging from 14 (XR-NTX) to 25 (BUP).

Each IE is the change when the listed characteristic takes the
value shown instead of the value for the reference patient, with all
other patient characteristics fixed at those of the reference patient.
Taking the first statistically significant IE shown, if a veteran in the
BUP cohort was aged 20 years instead of the 50 years specified for
our reference patient yet otherwise has exactly the same characteris-
tics as the reference patient, the predicted probability of early discon-
tinuation is 10.7 percentage points higher (95% Cl =8.5 to 12.9).
Additional examples of interpretation of these figures can be found in
the Supporting information.

DISCUSSION

In a large, national sample of veterans initiating one of three types of
MOUD, we evaluated the association between early discontinuation
and overdose for each of three medications. We found that, given the
characteristics of patients initiated on BUP within the VA, early dis-
continuation is associated with a statistically significant increased pre-

dicted probability of fatal or non-fatal overdose for BUP. The

direction of association was the same and the estimated magnitude
was similar for XR-NTX, but the association was not statistically sig-
nificant, probably due to the much smaller sample size. By contrast,
the estimated incremental effect of early discontinuation on overdose
probability in the cohort that was initiated on MET was both close to
zero and not statistically significant. When we examined patient char-
acteristics linked to early discontinuation in our exploratory analysis,
we found little commonality in specific predictors among medications.

Our findings regarding overdose probability in the BUP cohort
are consistent with studies showing worse patient outcomes among
those discontinuing BUP early [13, 59, 60] and reiterate the impor-
tance of retention among BUP initiators. Specifically, given the over-
dose risk profile associated with the observed characteristics of the
veterans, their providers and the type of facility where they initiated,
we would have expected to see a substantially lower rate of overdose
(approximately 3.9%) than we actually observed (approximately 9.0%)
at the current rate of early discontinuation. Interventions that aim to
improve retention, such as the Stepped Care for Opioid Use Train-
the-Trainer (SCOUTT) program [61], thus appear likely to result in
long-term improvements in the more distal outcome of overdose. Our
results for the XR-NTX cohort are also consistent with previous find-
ings [62, 63]. Although high variation among the relatively small num-
ber of XR-NTX initiators meant that we did not achieve sufficient

precision to statistically distinguish these numbers; the alignment with
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BUP and prior results suggests that the same analysis in a larger sam-
ple of XR-NTX initiators would be statistically significant.

By contrast, we found that MET initiators had the highest pre-
dicted probability of overdose if all early discontinuations were pre-
vented (8.4%), a rate that tracked closely to the observed rate (8.0%)
in our sample. We also found higher rates of MET discontinuation.
This may seem to counter previous literature. For example, a 2017
meta-analysis of cohort studies found retention on MET (and BUP) is
associated with substantial reductions in risk for all cause and over-
dose mortality [60]. Our study is not directly comparable to such
work, but rather because the use of average predicted probabilities
within a cohort focuses upon the effect of an exposure in that popula-
tion. The veteran population, and especially the population that is ini-
tiated on MET within VHA, differs substantially from the patient
population in a typical cohort study. For example, those initiating
MET, compared to those initiating BUP or XR-NTX, were more likely
to have hepatitis C, indicative of possible intravenous (IV) drug use
and probably more severe OUD. Our work is better compared to
other studies among veterans; for example, a recent study found
higher retention rates among veterans receiving BUP compared to
those receiving MET, also seemingly in contradiction to past
research [30]. Our counterintuitive findings may reflect a shift in
which patients are receiving different types of MOUD within VHA. As
BUP has become more prevalent in more recent years VHA clinicians
may be initiating patients at a higher baseline risk of overdose on
MET, as treatment with MET comes with daily dosing and the struc-
ture of the opioid treatment program. In addition, subtherapeutic dos-
ing of MET within VHA could be contributing to these findings. While
VHA data do not allow for quantification of MET dosing, we have
conferred with directors of OTPs in VHA who have noted that dosing
is usually quite low. If that is true, subtherapeutic MET dosing could
lead to continued illicit opioid use, which would contribute to both
lower rates of retention and no difference in overdose risk. Our find-
ing that MET initiators had the highest baseline risk in the absence of
early discontinuation supports this supposition.

We found that patient characteristics with statistically significant
changes in the predicted probability varied greatly by MOUD type.
We focus our discussion on specific differences that we believe are of
policy or clinical importance. We also focus here on BUP and XR-NTX
because of the lack of relationship between early discontinuation and
overdose for MET in the cohort initiated on MET. Consistent with
past research finding that geographic region is significantly associated
with MOUD retention [64], we found that at least some geographies
were associated with significantly different probabilities of retention,
with the direction and magnitude of the effect varying by type of
MOUD and region of the country where the veteran lives. More
research is warranted into how patterns of clinical care may systemat-
ically differ within VHA across these regions or if the differences may
instead be driven by societal factors, perhaps even beyond the health-
care system, that vary based on where individuals live (e.g. availability
of public transportation, social support for addiction therapy, levels of
stigma). The fact that each of the four domains of the SVI (i.e. socio-

economic status, household characteristics, racial and ethnic minority

SSA L

status and housing type and transportation) were highly significant
suggests that changes at the societal or health system level
(i.e. structural changes), rather than specific factors under the clini-
cian’s control, may be necessary. However, for BUP and XR-NTX, we
found a clear pattern where an increase in the number of prior year
psychotherapy visits corresponded to a decrease in predicted proba-
bility of early discontinuation for the representative patient, poten-
tially indicating the clinician's use of psychotherapy before or
together with MOUD may be beneficial, providing a modifiable inter-
vention at the clinician level.

For BUP, being employed and in the economically affluent prior-
ity groups 8A-8G was associated with a decreased predicted proba-
bility of early discontinuation compared to the reference patient,
which is consistent with past research showing that employment is
associated with greater BUP retention [65]. While income and
employment are not modifiable through any health system interven-
tion, it is surprising that we found effects even within VHA, where
the financial barriers to obtaining care are extremely low. This sug-
gests that the employment and income covariates may be detecting
the effect of an unmeasured confounder that is associated with the
likelihood of being employed and higher income. Being married was
also protective for BUP initiators. Employment and being married
may be proxy measures for social support, which indicates that vari-
ous forms of wrap-around social services may be beneficial. It is also
worth highlighting the role of comorbid AUD within the XR-NTX
cohort, where we observed an AUD diagnosis associated with a
higher predicted probability of early discontinuation compared to the
reference patient. This is consistent with past research finding that
patients with co-occurring OUD and AUD have higher retention
rates when prescribed BUP or MET [66]. XR-NTX is Food and Drug
Administration (FDA) approved for the treatment of AUD, and AUD
was more prevalent among veterans who initiated XR-NTX compared
to the BUP or MET cohorts. Given that AUD was associated with a
higher probability of early XR-NTX discontinuation, but not with
early BUP discontinuation, future research needs to explore whether
BUP may be a better choice for veterans with comorbid OUD and
AUD [15].

Finally, self-identifying as Black was associated with greater pre-
dicted probability of early discontinuation among BUP initiators [43].
We observed a similar relationship when veterans initiated on BUP
reside in a high-vulnerability area for the ‘racial and ethnic minority
status’ SVI theme. Past research has found that patients who are
Black, compared to those who are White, are significantly less likely
to receive an adequate dose of BUP (defined as at least 8 mg/day) [67],
and that higher BUP doses are associated with better retention [15,
68]. Interestingly, a systematic review of MOUD retention found that,
for BUP, retention of patients who are Black was significantly higher
in clinical trials compared to retrospective chart review studies [69].
This finding is consistent with worse quality BUP care for patients
who are Black in clinical practice [67], a bias less likely to manifest in
clinical trials that use a standard dosing procedure for all participants
and have research teams that are motivated to engage and retain

patients. Caution is required in interpreting these findings, however,
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because we did not have access to dosing data, mainly for MET, and
other potentially important predictors of outcomes by MOUD. Never-
theless, given the dramatic increase in overdoses in people who are
Black [70, 71] and our finding that BUP retention is protective against
overdose, this is a clinically important finding that warrants further
evaluation.

While early [65, 66, 72, 73] MET discontinuation was not a signif-
icant factor in predicting overdose, several of our findings merit men-
tion. First, the observed rate of early discontinuation of MET is much
higher in the current study compared to previously reported rates [8,
9, 15, 74]. In addition to being indicative of a higher baseline risk for
detrimental outcomes, this may reflect a tendency to use lower MET
doses in the VA (personal communication with OTP clinicians). If
MET doses are suboptimal, this could account for the better retention
of individuals without a history of opioid overdose who may be clini-
cally less complex or have less severe addictions. Our finding that hav-
ing more than one racial identity was associated with a significantly
increased predicted probability of early discontinuation for MET is an
association that has not been previously reported, which may simply
reflect the under-representation of this racial identity in MOUD

research [72].

Limitations

Like all studies that rely upon administrative data, our study is subject
to potential measurement and classification error in key variables. We
cannot accurately discern when MOUD discontinuation occurred by
relying on prescription records: a greater concern with BUP, as it
relies more heavily on the prescription runout date. In addition, a small
number of BUP initiations made through the opioid treatment pro-
gram may have been misclassified, as we assumed that all dispensa-
tions made through the opioid treatment program were MET
dispensations because the data do not support distinguishing between
the two [30]. Similarly, the use of clinic stop codes provides minimal
information on receipt of MET (e.g. does not contain MET dose), and
therefore probably introduces some degree of measurement error
that is difficult to quantify. VHA CDW data is also limited to records
for veterans who received care from a VHA facility or whose
community-based care was paid for by VHA. To the extent that VHA
users substituted for non-VHA care instead of discontinuing therapy,
we would overcount early discontinuations. Additionally, we did not
account for switching between different forms of MOUD. We
focused upon discontinuation of the initiated MOUD, given its status
as a probable indicator of failure of the first treatment-attempted
MOUD type. However, treating switches as discontinuations may
obscure the relationship between discontinuation and overdose.
Excluding individuals who switched from the analysis might have
resulted in larger point estimates for the IE of early discontinuation,
but would have been obtained at the cost of a smaller sample size.
Overdose deaths are undercounted to the extent that drug
involvement is under-reported on death certificates; some estimates

put true rates as much as 20-35% higher than reported [75]. Similarly,

non-fatal overdoses that do not result in a health-care visit or for
which VHA does not pay for care are not captured in our data. A
recent study found that the sensitivity of diagnostic codes for over-
dose, compared to self-report, varied by 12.0% for opioids with diag-
nosis codes undercounting overdoses, which could underestimate the
association between early MOUD discontinuation and overdose
risk [76]. However, this is only a concern if the rate of undercounting
differs by MOUD type. We are not able to capture illicit fentanyl or
heroin consumption or route of drug administration with these admin-
istrative data, which have been shown to be significant predictors of
relapse and overdose [77]. In addition, the role of fentanyl and its ana-
logs in the rise of overdose rates emerged during this time-frame, with
rapid growth occurring from 2015 to 2021, encompassing the second
portion of this time-frame. Given these temporal changes, there may
be substantial heterogeneity in overdose risk and predictors of dis-
continuation between these time-periods [78]. Our results also may
not generalize to other populations; the US veteran population differs
substantially from the broader US population in terms of demo-
graphics (e.g. disproportionately male) and exposure and health
history.

Caution is needed when comparing our results to existing studies
that have examined the efficacy of different MOUD types. While our
models adjust for a wide array of observable risks, many factors are
unmeasured and unmeasurable in administrative data. For example,
many individual-level social determinants of health (e.g. social support
structures, familial relationships) may be observable to the clinician
and influence treatment selection but generally cannot be measured
in studies such as this, which rely upon administrative data. Relatedly,
dose, particularly BUP dose, has been previously linked to early
MOUD discontinuation and was not included as a covariate here due
to identification of MOUD type by stop codes and CPT codes [68].
studies that
(e.g. comparing OUD treatment pathways, comparing MOUD types)

Therefore, assess multiple treatment options
but do not appropriately account for non-random treatment assign-
ment are probably subject to selection bias. By contrast, all analyses
conducted in this study take MOUD treatment type as given, so inter-
pretation of our results is conditional upon treatment assignment.
While this approach limits the ability to make statements about which
type of MOUD should be preferred for which patient, it is appropriate
for our goal of highlighting differences in patient-related risk factors

across MOUD types and is not subject to selection bias.

CONCLUSIONS

Early discontinuation of BUP, and probably XR-NTX, is associated
with a greater probability of experiencing a fatal or non-fatal over-
dose; we did not find the same association with MET. The lack of a
consistent set of characteristics means that clinicians need to custom-
ize their focus on different characteristics to increase the probability
of retention depending on the MOUD type initiated. Many influential
predictive characteristics found in this study are modifiable only at

the societal or health system level and thus lend themselves more to
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structural interventions, such as de-stigmatizing OUD treatment or
better public transportation. While few specific factors are under the
clinician’s control, these findings indicate that personalizing the pre-
scribing decision to avoid medications when the patient has an attri-
bute associated with a greater probability of early discontinuation of
that medication may ultimately improve retention on MOUD therapy,
and thus outcomes on key metrics such as overdose.
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