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ABSTRACT:
BACKGROUND: Opioid agonist therapy (OAT) has been
shown to reduce mortality in patients with opioid use
disorder (OUD), yet mortality in individuals receiving
OAT remains higher than in an age- and gender-
matched population.
OBJECTIVE: To identify baseline risk factors in patients
who engaged in buprenorphine treatment that are asso-
ciated with this elevated risk of death.
DESIGN:We performed a retrospective cohort study from
January 1, 2007, to December 31, 2018, using a central-
ized clinical data registry within a multi-hospital health
system in Boston, MA, USA.
PARTICIPANTS: All adult patients who had ≥ 2 consecu-
tive encounters with sublingual buprenorphine on the
active medication list from January 1, 2007, to December
31, 2018.
MAIN MEASURES: We abstracted several sociodemo-
graphic, clinical, and healthcare use characteristics from
the clinical data registry. The primary outcome was all-
cause mortality and the secondary outcome was opioid
overdose-related mortality. We performed multivariable
cox regression to identify baseline characteristics inde-
pendently associated with these outcomes.
KEY RESULTS: Of 5948 patients in the cohort, the ma-
jority were white (80.7%) and male (59.7%), with a mean
age of 38.2 years. The all-cause mortality rate was 24.0
deaths per 1000 person-years. Baseline characteristics
independently associated with an increased hazard of
all-causemortality included homelessness (adjusted haz-
ard ratio [aHR] = 1.39; 95% confidence interval [CI] = 1.09,
1.78), an opioid on the active medication list (aHR =1.28;
95% CI = 1.08, 1.52), and entry into the cohort during an
inpatient hospitalization (aHR = 1.43; 95% CI = 1.18,
1.73). Homelessness was also associated with an

increased hazard of opioid overdose-related mortality
(aHR=1.77; 95% CI = 1.25, 2.50).
CONCLUSIONS:We identified several novel and potential-
ly modifiable predictors of mortality among patients en-
gaging in buprenorphine treatment who remain at an
increased risk of death compared with the general popu-
lation. Understanding these risk factors can assist health-
care providers in risk stratification and inform the design
of targeted interventions to improve outcomes in a high-
risk patient population.
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INTRODUCTION

Opioid use disorder (OUD) is responsible for significant mor-
bidity and premature mortality worldwide.1 Opioid overdose
mortality rates have risen by more than 200% over the past
two decades, with rates climbing from 2.9 per 100,000 persons
in 1999 to 14.9 per 100,000 persons in 2017.1–3 In 2017 alone,
a total of 47,600 people in the USA died from opioid overdose
and over half of these deaths occurred in individuals under
45 years old.2

Opioid agonist therapy (OAT), which includes methadone
and buprenorphine, has been shown to be effective in reducing
mortality in patients with OUD.1, 4 Methadone, an opioid
agonist, has been used for the treatment of OUD since the
1960s and can only be dispensed from federally certified
opioid treatment programs. Buprenorphine, a partial opioid
agonist, entered the market in the early 2000s and can be
prescribed in any office-based setting by a physician who
obtains a specialized prescribing waiver.5

Despite these effective treatments, individuals who are ini-
tiated on OAT remain at elevated risk of death compared with
an age- and gender-matched general population.6 This is par-
tially attributable to the fact that many patients cycle in and out
of treatment, with significantly higher mortality rates during
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out-of-treatment phases.1, 4 However, there may be other
factors contributing to this persistently elevated risk of death.
Studies evaluating baseline risk factors associated with

mortality in patients treated with methadone have found that
medical and psychiatric comorbidities, homelessness, a con-
current benzodiazepine prescription, injection drug use, and
alcohol use disorder are associated with an increased risk of
mortality.7–12 Though increasing numbers of physicians are
prescribing buprenorphine,5, 13 there is limited research eval-
uating the extent to which baseline characteristics influence
the risk of death in patients treated with buprenorphine.
The objective of this study was to identify factors indepen-

dently associated with all-cause and opioid overdose-related
mortality in patients who engage in buprenorphine treatment.
We hypothesized that in addition to several characteristics that
were previously found to increase the risk of death in patients
treated with methadone (e.g., homelessness, medical comor-
bidities, and anti-psychotic medications), two additional risk
factors for death in patients who engage in buprenorphine
treatment are serious bacterial infections and a lack of outpa-
tient follow-up when initiated on buprenorphine as an
inpatient.

METHODS

Study Design and Population

We conducted a retrospective cohort study utilizing a central-
ized clinical data registry within a multi-hospital health system
in Boston, MA. The Research Patient Data Registry (RPDR)
includes comprehensive clinical information for over 4.7 mil-
lion patients from the Partners Healthcare System, including
Massachusetts General Hospital, Brigham and Women’s Hos-
pital, and their associated outpatient systems. The RPDR is
populated by data from clinical and billing systems including
demographics, inpatient and outpatient encounters, diagnoses,
medications, procedures, laboratory values, imaging, progress
notes, and discharge summaries.
The cohort included all adults (≥ 18 years old) who had

≥ 2 consecutive encounters with sublingual buprenorphine
on the active medication list within a source data range
from January 1, 2007, to December 31, 2017. Sublingual
formulation is approved exclusively for the treatment of
OUD (formulations provided in Supplemental Table 2).
Buprenorphine treatment was based on the active medication
list during each patient encounter rather than actual prescrip-
tions because prescription data is not available in the RPDR.
Two consecutive encounters, defined as encounters that oc-
curred within 35 days of each other to allow for a maximum
buprenorphine prescription length of 28 days with a 7-day
buffer, were required to enter the cohort to exclude those who
had buprenorphine entered as an active medication once in
error. The cohort entry date was the date of the second en-
counter. The follow-up window extended from the cohort
entry date through December 31, 2018, to allow for at least

one full year of follow-up after the last possible cohort entry
date. Patients were followed until the primary outcome (death)
or end of the study period occurred (Fig. 1, adapted from
Schneiweiss et al.14). The Partners Healthcare Institutional
Review Board approved this study.]

Outcomes

The primary outcome was all-cause mortality. We identified
deaths using the Social Security Death Index (SSDI) and the
Massachusetts Registry of Vital Records and Statistics
(RVRS). The SSDI is automatically linked to the RPDR;
however, a new legislative rule in 2014 prohibits the release
of death records for a period of three years. Therefore, we used
the SSDI as our primary data source from 2007 through 2015
and the Massachusetts RVRS as our primary data source from
2016 through 2018. Based on the overlapping years (2007–
2015), we identified 21 deaths (3%) in the SSDI that were not
in the Massachusetts RVRS.
The secondary outcome was opioid overdose-related mortal-

ity, defined as having an underlying cause of death related to drug
poisoning (International Statistical Classification of Diseases and
Related Health Problems, 10th Revision [ICD-10] codes X40-
X44, X60–64, X85, and Y10-Y14) and an opioid code (ICD-10
codes T40.0-T40.4, T40.6) listed in the multiple cause of death
fields.3, 15, 16 We linked cause of death information from the
Massachusetts RVRS to our cohort by using deterministic as well
as probabilistic methods (merging on date of birth, gender, first
and last names, city, and zip code). For cause of death informa-
tion not available through theMassachusetts RVRS, we obtained
cause of death information from the Centers for Disease Control
and Prevention National Death Index.17

Covariates

Baseline covariates for model inclusion were chosen a priori
and designed to minimize correlation (e.g., we removed HCV
diagnosis codes from the covariate for liver disease). All
baseline variables were abstracted from the RPDR using au-
tomated methods. Sociodemographic features included age at
cohort entry, sex, race/ethnicity, preferred language, and hous-
ing status (defined by the presence of housing-related ICD
codes prior to cohort study entry).
Baseline clinical characteristics included chronic comorbid

conditions, a prior serious bacterial infection, medications, and
comorbid substance use disorders (SUDs). Chronic comorbid
conditions were defined as having an encounter with an ICD
code from a validated ICD code algorithm prior to cohort study
entry (Supplemental Table 1).18, 19 A prior serious bacterial
infection was defined as having a diagnosis of endocarditis,
epidural abscess, septic arthritis, or osteomyelitis prior to study
entry using ICD code algorithms from previously published
studies of serious bacterial infections and OUD (Supplemental
Table 1).20, 21 Medications, including anti-depressants, anti-psy-
chotics, benzodiazepines, opioids (excluding buprenorphine), and
naloxone, were defined as having an encounter with a medication
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listed on the active medication list within 3 months prior to study
entry (Supplemental Table 2).22, 23 Comorbid SUDs, including
alcohol use disorder (AUD) and other SUDs (excluding OUD),
were defined as having an encounter with an ICD code from
previously published Health Center Utilization Project algorithms
prior to study entry (Supplemental Table 1).24

We also examined the site of the first two encounters that
listed buprenorphine as an active medication as a baseline
predictor of mortality. Site of encounter was divided into four
categories, including outpatient only, outpatient then inpatient
(first encounter as an outpatient and second during an inpatient
hospitalization), inpatient only (both encounters during an
inpatient hospitalization), and inpatient then outpatient (first
encounter during an inpatient hospitalization and second as an
outpatient). These categories are based on prior studies eval-
uating inpatient initiation of buprenorphine and linkage to
outpatient addiction care.25, 26

An additional baseline characteristic included study entry year.
Study entry year was divided into three categories, including 2007
through 2009, 2010 through 2013, and 2014 through 2017, consis-
tent with national trends in opioid use and overdose mortality.2, 27

Statistical Analysis

We used descriptive statistics to summarize the baseline socio-
demographic, clinical, and healthcare use characteristics of our

cohort. We used the chi-square or Fisher’s exact tests to compare
categorical variables and t tests or logrank tests to compare contin-
uous variables.
We performed multivariable cox regression to identify baseline

characteristics independently associated with all-cause mortality,
reporting hazard ratios (HRs) and 95% confidence intervals (CIs).
Using a priori clinical knowledge, we included all possible con-
founders and significant predictors using the aforementioned var-
iables.Wewere not at risk of overfitting the model for our primary
outcome as we had at least 10 outcomes per variable (in total, we
had 664 deaths and 28 variables). We then used a cause-specific
hazard model, censoring those who died from other causes, to
identify baseline characteristics independently associated with opi-
oid overdose-related mortality.
We performed several diagnostic evaluations of the model, in-

cluding confirmation thatwe did not violate the proportional hazards
assumption by examining the Schoenfeld and Martingale residuals.
We also performed two pre-specified sensitivity analyses. First,

we limited the analysis to individuals with aMassachusetts address
to assess for ascertainment bias introduced by using theMassachu-
setts RVRS as the sole source of identifying deaths from 2016
through 2018. Second,we limited the analysis to individualswith a
diagnosis of OUD prior to study entry (in addition to the eligibility
criteria of having buprenorphine listed as an active medication) to
account for potential misclassification with patients receiving
buprenorphine for chronic pain.

Figure 1 Exposure-based cohort entry timeline. The vertical gray arrow depicts the cohort entry date and the horizontal black arrow depicts
time over the study period. Each box depicts the time (in days) during which the covariates were assessed in relation to the cohort entry date.
*Date of second encounter with buprenorphine on the active medication list; possible cohort entry from January 1, 2007, through December 31,
2017. †Exclusion criteria: < 18 years old and < 2 encounters with buprenorphine on the active medication list. ‡Baseline clinical covariates

included coronary artery disease, cerebrovascular disease, congestive heart failure, chronic lung disease, diabetes mellitus, hepatitis C infection,
HIV, chronic kidney disease, liver disease, malignancy, homeless status, and alcohol use disorder. §Baseline medications included anti-
depressants, anti-psychotics, benzodiazepines, opioids (excluding buprenorphine), and naloxone. ‖Site of the first two encounters with

buprenorphine on the active medication list. ¶SES baseline covariates included age, sex, race/ethnicity, preferred language, and study entry
year. #Earliest of outcome of interest (death) or end of the study period (December 31, 2018). Adapted from www.repeatinitiative.org/projects.

html. Licensed under CC BY.

Fine et al.: Mortality in Patients Who Engaged in Buprenorphine TreatmentJGIM 2377

http://www.repeatinitiative.org/projects.html
http://www.repeatinitiative.org/projects.html


A two-sided p value of less than 0.05 was considered statisti-
cally significant. All analyseswere performed using SAS, version
9.4 (SAS institute).We followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines
for reporting an observational cohort study.28

RESULTS

Cohort Characteristics

From January 1, 2007, to December 31, 2017, 5948 adult
patients had ≥ 2 consecutive encounters with sublingual

buprenorphine on the active medication list with a total of
27,638 person-years of follow-up. The median follow-up time
was 4.3 years (IQR = 2.6, 6.0).
The majority were male (59.7%) and white (80.7%) with a

mean of age 38.2 years (SD 13.1 years). Approximately one
quarter (25.9%) had chronic lung disease, 26.3% had a hepa-
titis C viral (HCV) infection, and 50.7% had AUD. The
majority of patients had their first two encounters with bupre-
norphine as an active medication as outpatients only (47.0%)
or inpatients only (46.6%) (Table 1). The peak study entry
years were from 2013 through 2015 (Fig. 2), while the total
number of patients in the RPDR system increased at a rela-
tively stable rate throughout the study period.

Table 1 Baseline Characteristics of Patients who Engaged in Buprenorphine Treatment from 2007 to 2017

Vital status

Baseline characteristics All patients (n = 5948) Alive (n = 5284) Deceased (n = 664) p value

Sociodemographic features
Age, mean (SD) 38.2 (13.1) 37.6 (12.9) 43.5 (14.0) < 0.0001
Sex, n (%)
Male 3550 (59.7) 3116 (59.0) 433 (65.2) 0.002

Race, n (%) 0.01
White 4800 (80.7) 4257 (80.6) 544 (81.8)
Black 249 (4.2) 212 (4.0) 37 (5.6)
Hispanic 224 (3.8) 195 (3.7) 29 (4.4)
Other 133 (2.2) 127 (2.4) 6 (0.9)
Unknown 542 (9.1) 493 (9.3) 49 (7.4)

Preferred language, n (%) 0.3
English 5351 (90.0) 4760 (90.1) 591 (89.0)
Non-English 79 (1.3) 66 (1.2) 13 (2.0)
Unknown 518 (8.7) 458 (8.7) 60 (9.0)

Housing status, n (%)
Homeless 492 (8.3) 400 (7.6) 92 (13.9) < 0.0001

Clinical characteristics
Chronic comorbid conditions, n (%)
Coronary artery disease 246 (4.1) 186 (3.5) 60 (9.0) < 0.0001
Cerebrovascular disease 147 (2.5) 122 (2.3) 25 (3.8) 0.03
Chronic kidney disease 247 (4.2) 185 (3.5) 62 (9.3) < 0.0001
Chronic lung disease 1539 (25.9) 1282 (24.3) 257 (38.7) < 0.0001
Congestive heart failure 408 (6.9) 295 (5.6) 113 (17.0) < 0.0001
Hepatitis C infection 1566 (26.3) 1290 (24.4) 276 (41.7) < 0.0001
HIV 126 (2.1) 95 (1.8) 31 (4.7) < 0.0001
Liver disease 1171 (19.7) 952 (18.0) 219 (33.0) < 0.0001
Malignancy 435 (7.3) 341 (6.5) 94 (14.2) < 0.0001
Serious bacterial infection*, n (%) 468 (7.9) 371 (7.0) 97 (14.6) < 0.0001
Comorbid substance use disorders, n (%)
Alcohol use disorder 3017 (50.7) 2613 (49.5) 404 (60.8) < 0.0001
Other substance use disorder† 3750 (63.0) 3304 (62.5) 446 (67.2) 0.006

Medications, n (%)
Anti-depressant 2313 (38.9) 2019 (38.2) 294 (44.3) 0.003
Anti-psychotic 1247 (21.0) 1054 (19.9) 193 (29.1) < 0.0001
Benzodiazepine 2593 (43.6) 2257 (42.7) 336 (50.6) 0.0001
Opioid‡ 1752 (29.5) 1472 (27.9) 280 (42.2) < 0.0001
Naloxone 3976 (66.8) 3487 (66.0) 489 (73.6) < 0.0001

Healthcare use factors
Buprenorphine encounter site§, n (%) 0.15
Outpatient only 2797 (47.0) 2497 (47.3) 300 (45.2)
Outpatient then inpatient 175 (2.9) 146 (2.8) 29 (4.4)
Inpatient only 2774 (46.6) 2466 (46.7) 308 (46.4)
Inpatient then outpatient 161 (2.7) 140 (2.6) 21 (3.2)
Unknown 41 (0.7) 35 (0.7) 6 (0.9)

Study entry year, n (%) < 0.0001
2007–2009 620 (10.4) 516 (9.8) 104 (15.7)
2010–2013 1950 (32.8) 1687 (31.9) 263 (39.6)
2014–2017 3378 (56.8) 3081 (58.3) 297 (44.7)

*Includes endocarditis, epidural abscess, osteomyelitis, and septic arthritis
†Includes amphetamine use disorder, hallucinogen use disorder, sedative use disorder, and other/polysubstance use disorder
‡Excludes buprenorphine
§Initial buprenorphine encounter site based on the first two encounters with buprenorphine on the active medication list
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Mortality-Related Statistics

Of the 5948 patients in the cohort, 664 (11.2%) died with a
25th percentile of survival of 11.6 years. The all-cause mor-
tality rate was 24.0 per 1000 person-years, with a rising
mortality rate over the study period (Fig. 2). In total, 299
(5.0%) died from an opioid overdose with an opioid
overdose-related mortality rate of 10.8 per 1000 person-years.
We identified three sociodemographic characteristics inde-

pendently associated with an increased hazard of all-cause
mortality, including age (adjusted HR [aHR] = 1.24 per 10-
year increment; 95% CI = 1.17, 1.33), male sex (aHR = 1.34;
95% CI = 1.13, 1.58), and homelessness (aHR = 1.39; 95%
CI = 1.09, 1.78). An increased hazard of opioid overdose-
related mortality was associated with male sex (aHR = 1.62;
95% CI = 1.26, 2.10) and homelessness (aHR = 1.77; 95%
CI = 1.25, 2.50) (Table 2).
We also identified several clinical characteristics indepen-

dently associated with an increased hazard of all-cause mor-
tality, including chronic kidney disease (aHR = 1.45; 95%
CI = 1.09, 1.94), chronic lung disease (aHR = 1.35; 95% CI =
1.14, 1.61), congestive heart failure (aHR = 1.75; 95% CI =
1.38, 2.23), HCVinfection (aHR = 1.56; 95%CI = 1.29, 1.89),
and malignancy (aHR = 1.33; 95% CI = 1.04, 1.68), as well as
prior receipt of an anti-psychotic medication (aHR = 1.32;
95% CI = 1.10, 1.58) and an opioid medication (aHR = 1.28;
95% CI = 1.08, 1.52). A history of HCV infection was asso-
ciated with an increased hazard of opioid overdose-related
mortality (aHR = 1.83; 95% CI = 1.39, 2.41) (Table 2).
The site of the first two encounters with buprenorphine

listed as an active medication was also associated with all-
cause mortality (Table 2). When compared with individuals
who had their first two encounters as outpatient only, patients
who had their first two encounters during an inpatient hospi-
talization (aHR = 1.43; 95% CI = 1.18, 1.73) and patients who

had their first encounter as an outpatient and second encounter
as an inpatient (aHR = 1.67; 95% CI = 1.14, 2.47) had an
increased hazard of all-cause mortality.
Compared with patients who entered the study from 2007

through 2009, individuals who entered the cohort from 2014
through 2017 had a 1.57-fold (95% CI = 1.18, 2.10) increased
hazard of all-cause mortality and a 2.61-fold (95% CI = 1.63,
4.19) increased hazard of opioid overdose-related mortality
(Table 2).
In our two sensitivity analyses, limiting the cohort to

patients with a Massachusetts address (Supplemental
Table 3) and patients who had a documented diagnosis of
OUD (Supplemental Table 4), results were similar.

DISCUSSION

In a large cohort of patients who engaged in buprenorphine
treatment for OUD, the mortality rate was 12.4-fold higher
than that of a similarly aged general population (24.0 deaths
per 1000 person-years in our cohort vs. 1.95 deaths per 1000
person-years for those aged 35–44 years in 201729). We iden-
tified several baseline sociodemographic, clinical, and health-
care use factors that were associated with mortality in this
cohort. While many of the predictors of mortality that we
identified are similar to those previously found to be associat-
ed withmortality in patients treated withmethadone, including
chronic lung disease, HCV infection, and an anti-psychotic
prescription, several of our findings are novel and potentially
modifiable. These findings are particularly important for the
development of interventions focused on reducing adverse
outcomes in a group of individuals who remain at elevated
risk of death despite engagement in effective treatment.
Homeless individuals were at significantly increased risk of

both all-cause and opioid overdose-relatedmortality compared

Figure 2 Secular trends of entry into the study cohort and all-cause mortality rates. The X-axis depicts calendar year over the study period. The
Y-axis on the left depicts the number of patients entering the cohort and is represented by the blue bars. The Y-axis on the right depicts the
mortality rate (per 1000 person-years) and is represented by the orange dots. The total Partners Healthcare patient population increased at a

relatively stable rate over this time period.
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with housed individuals. In addition to having a unique set of
risk factors that place homeless individuals at increased risk of
death, they also tend to have more severe OUD and higher
rates of drug overdose compared with the general popula-
tion.30–33 Though buprenorphine treatment can be effective
in homeless individuals,30 more research is needed to evaluate
buprenorphine-related outcomes in this population given their
unique set of risk factors for death. This also highlights the
important role that social determinants of health may play in
addiction care.
An opioid prescription within 3 months prior to cohort entry

was also associated with an increased risk of death. Pain
control in patients with OUD has historically been difficult
to navigate with a concern that under-treated pain can lead to

relapse.34, 35 Our findings do raise concern about concurrent
opioid prescriptions in those receiving buprenorphine, but
further research elucidating this relationship in a more detailed
and time-varying manner is needed.
Additionally, we found that patients who had their first two

encounters as inpatients were at increased risk of all-cause
mortality compared with those who entered the cohort as
outpatients. Our findings suggest that this may be related to
discontinuation of buprenorphine after discharge, as patients
who had their first encounter as an inpatient and second as an
outpatient did not have the same increased risk of death. Prior
studies evaluating inpatient buprenorphine induction and link-
age to outpatient treatment compared with detoxification alone
found increased rates of outpatient follow-up and longer times

Table 2 Association Between Baseline Patient Characteristics and Mortality

All-cause mortality (n = 664) Opioid overdose mortality (n = 299)

Baseline characteristics aHR* (95% CI) p value aHR* (95% CI) p value

Sociodemographic features
Age (per 10-year increment) 1.24 (1.17, 1.33) < 0.001 0.96 (0.87, 1.07) 0.49
Sex
Female Ref Ref Ref Ref
Male 1.34 (1.13, 1.58) < 0.001 1.62 (1.26, 2.10) < 0.001

Race
Non-White Ref Ref Ref Ref
White 1.24 (1.00, 1.54) 0.06 1.11 (0.80, 1.55) 0.52

Preferred language
English Ref Ref Ref Ref
Non-English 1.06 (0.60, 1.87) 0.85 0.63 (0.20, 2.04) 0.44

Housing status
Housed Ref Ref Ref Ref
Homeless 1.39 (1.09, 1.78) 0.01 1.77 (1.25, 2.50) 0.001

Clinical characteristics
Chronic comorbid conditions
Coronary artery disease 1.02 (0.75, 1.38) 0.92 0.68 (0.34, 1.35) 0.27
Cerebrovascular disease 0.68 (0.44, 1.03) 0.07 0.68 (0.27, 1.70) 0.41
Chronic kidney disease 1.45 (1.09, 1.94) 0.01 1.44 (0.83, 2.52) 0.20
Chronic lung disease 1.35 (1.14, 1.61) < 0.001 1.11 (0.85, 1.46) 0.44
Congestive heart failure 1.75 (1.38, 2.23) < 0.001 1.15 (0.70, 1.90) 0.57
Hepatitis C infection 1.56 (1.29, 1.89) < 0.001 1.83 (1.39, 2.41) < 0.001
HIV 1.13 (0.77, 1.67) 0.53 0.89 (0.42, 1.86) 0.75
Liver disease 1.06 (0.87, 1.30) 0.54 0.94 (0.69, 1.29) 0.71
Malignancy 1.33 (1.04, 1.68) 0.02 0.66 (0.38, 1.16) 0.15
Serious bacterial infection† 1.26 (0.99, 1.60) 0.07 1.22 (0.81, 1.83) 0.34

Comorbid substance use disorders
Alcohol use disorder 1.04 (0.88, 1.25) 0.64 1.05 (0.81, 1.36) 0.69
Other substance use disorder‡ 0.91 (0.75, 1.10) 0.32 1.26 (0.95, 1.68) 0.11

Medications
Anti-depressant 1.05 (0.89, 1.23) 0.58 1.09 (0.86, 1.40) 0.47
Anti-psychotic 1.32 (1.10, 1.58) 0.002 1.23 (0.93, 1.62) 0.16
Benzodiazepine 1.05 (0.88, 1.24) 0.61 0.99 (0.76, 1.28) 0.91
Opioid§ 1.28 (1.08, 1.52) 0.005 1.18 (0.90, 1.55) 0.23
Naloxone 0.98 (0.79, 1.21) 0.84 0.78 (0.56, 1.09) 0.14

Healthcare use factors
Buprenorphine encounter site‖

Outpatient only Ref Ref Ref Ref
Outpatient then inpatient 1.67 (1.14, 2.47) 0.009 1.07 (0.52, 2.21) 0.86
Inpatient only 1.43 (1.18, 1.73) 0.002 1.20 (0.88, 1.63) 0.25
Inpatient then outpatient 1.07 (0.68, 1.69) 0.76 1.12 (0.56, 2.23) 0.76

Study entry year
2007–2009 Ref Ref Ref Ref
2010–2013 1.27 (0.97, 1.66) 0.07 1.40 (0.90, 2.19) 0.13
2014–2017 1.57 (1.18, 2.10) 0.002 2.61 (1.63, 4.19) < 0.001

*Adjusted hazard ratio: results from each column come from one single model adjusting for all covariates in this table
†Includes endocarditis, epidural abscess, osteomyelitis, and septic arthritis
‡Includes amphetamine use disorder, hallucinogen use disorder, sedative use disorder, and other/polysubstance use disorder
§Excludes buprenorphine
‖Initial buprenorphine encounter site based on the first two encounters with buprenorphine on the active medication list
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in treatment among individuals who were linked to outpatient
care.25, 26, 36 These findings emphasize that linkage to addic-
tion care after hospital discharge is critical for buprenorphine
treatment outcomes. We would have expected this association
to also be true for opioid overdose-related mortality, as we
know that time out of buprenorphine treatment is a significant
risk factor for opioid overdose-related mortality1, 37; however,
our study may have been underpowered to detect this partic-
ular association. We recognize that in this study we cannot
fully disentangle whether the increased risk associated with
initiating buprenorphine in the hospital is associated with gaps
in subsequent OAT or is simply associated with the risks
related to being hospitalized (i.e., patients who are hospitalized
may be sicker at baseline or the hospitalization itself may
increase risk). In future studies, we intend to evaluate this
further using time-varying models and extended pharmacy
data to explore the association between buprenorphine adher-
ence and mortality risk.
Finally, the risk of all-cause and opioid overdose-related

mortality increased in patients who entered the cohort in later
years, particularly 2014 through 2017. This likely represents
the increased potency of opioids used overtime, such as fen-
tanyl;2, 27 however, this could also reflect a case-mix trend
towards providing lower barrier addiction care to patients at
the highest risk for adverse addiction-related outcomes.

Limitations

There are several limitations to our study. Data quality due to
coding errors is of concern when using a clinical data registry
that is reliant on the electronic health record (EHR). Similarly,
validation of variable measurement using the EHR is often
lacking. However, we did use validated algorithms for the vast
majority of the variables, as shown in Supplemental Table 1.
We measured variables only at baseline and did not control

for buprenorphine retention, a known risk factor for mortality
in patients with OUD. However, we believe this cohort repre-
sents a group of patients who had at least some intention of
being treated with buprenorphine and understanding baseline
risk factors for mortality in this healthcare seeking group is
clinically important, especially if additional harm reduction
interventions are initiated at the time of buprenorphine initia-
tion. More research is needed to evaluate predictors of bupre-
norphine retention in a time-varying manner.
In addition, patients in the cohort were not necessarily

newly initiated on buprenorphine, as they could have previ-
ously been started on buprenorphine in another healthcare
system. Similarly, we may have missed patients who received
a second subsequent buprenorphine prescription outside of the
Partners system. Furthermore, because methadone can only be
prescribed at federally certified opioid treatment centers, we
do not have information regarding prior methadone use which
could alter a patient’s risk of death.
Although our multivariable analysis controlled for a wide

range of characteristics potentially associated with OAT and

death, the observational nature of the study introduces the
possibility of unmeasured confounding. Finally, our findings
may not be generalizable to other patient populations, such as
rural populations or those located outside of the northeastern
United States.

CONCLUSIONS

We identified several sociodemographic, clinical, and health-
care use characteristics independently associated with all-
cause mortality in a large cohort of patients who engaged in
buprenorphine treatment for OUD. Several of these predictors
of mortality have not been previously identified and are po-
tentially modifiable, including homelessness, receipt of an
opioid prescription, and initial encounters as an inpatient.
Understanding baseline predictors of all-cause mortality can
help healthcare providers prognosticate which patients are at
highest risk of death and inform the design of interventions
aimed towards mitigating this risk in patients with OUD who
remain at elevated hazard of death despite effective treatment.
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