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Abstract

Background and Aims: Benzodiazepines are commonly prescribed to patients with opioid use 

disorder receiving buprenorphine treatment, yet may increase overdose risk. However, prescribed 

benzodiazepines may improve retention in care by reducing buprenorphine discontinuation and 

thus may prevent relapse to illicit opioid use. We aimed to test the association between 

benzodiazepine prescription and fatal opioid overdose, non-fatal opioid overdose, all-cause 

mortality, and buprenorphine discontinuation.

Design and Setting: This was a retrospective cohort study using 5 individually linked data sets 

from Massachusetts, USA government agencies.

Participants: We studied 63,389 Massachusetts residents aged 18 years or older who received 

buprenorphine treatment between January 2012 and December 2015.

Measurements: Filled benzodiazepine prescription during buprenorphine treatment was the 

main independent variable. The primary outcome was time to fatal opioid overdose. Secondary 

outcomes were time to non-fatal opioid overdose, all-cause mortality, and buprenorphine 
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discontinuation. We defined buprenorphine discontinuation as having a 30-day gap without 

another prescription following the end date of the previous prescription. We used Cox proportional 

hazards models to calculate hazards ratios that tested the association between receipt of 

benzodiazepines and all outcomes, restricted to periods during buprenorphine treatment.

Findings: Of the 63,389 individuals who received buprenorphine, 24% filled at least one 

benzodiazepine prescription during buprenorphine treatment. Thirty-one percent of the 183 deaths 

from opioid overdose occurred when individuals received benzodiazepines during buprenorphine 

treatment. Benzodiazepine receipt during buprenorphine treatment was associated with an 

increased risk of fatal opioid overdose adjusted hazard ratio (HR) =3.02; (95% confidence interval 

[CI], 1.97–4.62), non-fatal opioid overdose, adjusted HR=1.98 (95% CI 1.58–2.48), all-cause 

mortality, adjusted HR=2.05 (95% CI 1.64–2.55), and a decreased risk of buprenorphine 

discontinuation, adjusted HR=0.78 (95% CI 0.75–0.80).

Conclusions: Benzodiazepine receipt appears to be associated with both increased risk of opioid 

overdose and all-cause mortality and decreased risk of buprenorphine discontinuation among 

people receiving buprenorphine.

INTRODUCTION

Due to the epidemic of opioid-related harms in the United States, a growing number of 

people are being treated with medications for opioid use disorder, including buprenorphine, 

methadone, and injectable naltrexone. In particular, more people are receiving 

buprenorphine(1,2), the most widely prescribed medication for opioid use disorder in 

substance use treatment facilities(3). One concern among individuals receiving 

buprenorphine or methadone is the concurrent use of central nervous system depressants, 

particularly benzodiazepines. Pre-clinical studies indicate that benzodiazepines can cause a 

decrease in respiratory depression when combined with buprenorphine(4–6) and can 

eliminate buprenorphine’s protective respiratory “ceiling effect”, a result of buprenorphine’s 

partial agonism(7). Use of a benzodiazepine can cause decreased reaction time in 

participants also using buprenorphine(8) and prescription of benzodiazepines is associated 

with increased risk of emergency department visits for accidental injuries(9). In case series 

of fatalities involving buprenorphine, a large majority of deaths also involve 

benzodiazepines(10–13).

But deaths involving buprenorphine may often also involve benzodiazepines simply because 

benzodiazepine use is common among patients receiving buprenorphine. Approximately a 

third of buprenorphine patients are prescribed benzodiazepines(14–17) and up to another 

third regularly use benzodiazepines that are obtained illicitly(16,18). Benzodiazepines are 

efficacious treatments for anxiety and insomnia(19,20), two of the main reasons why 

patients with opioid use disorder take them(21,22). Additionally, untreated comorbidity can 

make achieving abstinence difficult and risk substance use relapse(23). Treatment with 

benzodiazepines may improve patient engagement in addiction treatment. In one study of 

opioid maintenance therapy patients who received daily, observed benzodiazepine treatment 

had better treatment retention and lower mortality than those who never used 

benzodiazepines(24). Benzodiazepine receipt prior to being hospitalized for opioid use 

disorder or overdose is associated with increased engagement post-hospitalization(25). In 
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two recent cohort studies of patients receiving buprenorphine, benzodiazepine prescription 

was not associated with mortality(26,27). Due to concerns that benzodiazepine use might be 

a barrier to receiving opioid maintenance therapy, the U.S. Food and Drug Administration 

urged caution about withholding opioid agonist treatment of addiction in patients taking 

benzodiazepines(28).

The aim of this study was to assess whether: 1) benzodiazepine prescribing during 

buprenorphine treatment is associated with increased risks of fatal and non-fatal opioid 

overdose, and all-cause mortality, and 2) benzodiazepine prescribing during buprenorphine 

treatment is associated with reduced risk of buprenorphine discontinuation. We used a novel, 

population-based dataset of Massachusetts residents including linked records from 5 

government agencies to identify a cohort of all individuals who filled a buprenorphine 

prescription over a 4-year period. We hypothesized that receipt of concurrent 

benzodiazepines would be associated with an increased risk of fatal opioid overdose, non-

fatal opioid overdose, and all-cause mortality, but decreased risk of buprenorphine treatment 

discontinuation.

METHODS

Study design and population

We conducted a retrospective cohort study of 63,345 people aged 18 years or older who 

received buprenorphine treatment while residing in Massachusetts between January 2012 

and December 2015. Observation time for all people started on the date of the first filled 

buprenorphine prescription during the study period and were only included if they did not 

have a buprenorphine fill in the year prior to start of observation. The potential minimum 

and maximum periods of observation were 1 day and 4 years respectively.

Data sources

We used data from the Massachusetts Public Health Data Warehouse, which combines 

multiple state government datasets in order to better understand the epidemic of opioid-

related harms in the Commonwealth of Massachusetts. This dataset includes the 

Massachusetts All-Payer Claims Database (APCD), which contains health and pharmacy 

insurance claims data from private and public health care payers (including Medicare and 

MassHealth, the state’s Medicaid agency) and is estimated to represent more than 98% of 

Massachusetts residents. Using a deterministic linkage approach described elsewhere(29), 

APCD data were linked at the individual person level with multiple datasets. Datasets 

utilized in this study included: 1) the APCD, 2) the Registry of Vital Records and Statistics 

(RVRS) death records, 3) the Prescription Monitoring Program (PMP), 4) Acute Care 

Hospital Case Mix (Case Mix), and 5) Massachusetts Ambulance Trip Record Information 

System (MATRIS) (brief descriptions of datasets in Supplement). The combining of these 

datasets was authorized by Massachusetts law and conducted by a public health authority 

where institutional board review was not required. Additionally, the Boston University 

Medical Campus Institutional Review Board determined that this study was not human 

subjects research.

Park et al. Page 3

Addiction. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cohort selection

People were included in the analysis if they filled a prescription for tablet or film 

buprenorphine or buprenorphine/naloxone, exclusive of transdermal and injectable 

formulations, between January 2012 and December 2015 as recorded in the PMP. People 

were included during times of buprenorphine treatment, defined by the date of 

buprenorphine fills and days supply as recorded in the PMP.

Benzodiazepine and buprenorphine treatment

We used the state PMP, which records filled outpatient prescriptions of controlled 

medications, the date of each fill, and the days supply, to define episodes of buprenorphine 

treatment. Episodes started on the day the buprenorphine prescription was filled and ended 

on the last day of the buprenorphine prescription according to the days supply. Only days 

during active buprenorphine use were included in this study. Individuals could have multiple 

episodes if they initiated and discontinued buprenorphine multiple times. When measuring 

buprenorphine use and daily dose, and benzodiazepine use, we assumed that patients took 

their medications according to the days supply recorded in the PMP. If there was an overlap 

between two prescriptions, it was assumed that the first prescription ended on the day the 

second prescription began. On days when buprenorphine prescriptions overlapped, the dose 

of the second prescription was used. Benzodiazepine use and buprenorphine dose were 

treated as time-varying and identified on each day.

We included the following benzodiazepine types: alprazolam, chlordiazepoxide, 

clonazepam, clorazepate, diazepam, estazolam, flurazepam, lorazepam, oxazepam, 

prazepam, quazepam, temazepam, and triazolam. Buprenorphine was identified using the 

following Generic Cross Reference Codes: 929645, 92577, 923958, 927685, and 930981.

Outcomes

The primary outcome was fatal opioid overdose. Secondary outcomes were non-fatal opioid 

overdose, all-cause mortality, and buprenorphine treatment discontinuation. Classification of 

fatal opioid overdose was based on medical examiner determination or standardized 

assessment by the Massachusetts Department of Public Health (MDPH) (Supplement). Non-

fatal opioid overdose was determined by one of two types of encounters. The first type was 

an ambulance encounter for opioid overdose identified in MATRIS and available in years 

2013–2015 only, using an algorithm developed in collaboration between the Centers for 

Disease Control and Prevention and the MDPH and previously validated against internal 

emergency medical services data on opioid overdose events (Supplement). The second type 

was an emergency department, observation, or inpatient discharge in the Case Mix dataset 

with an International Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD9-CM) diagnosis code for opioid overdose (965.00, 965.01, 965.02, 965.09, E850.0, 

E850.1, and E850.2), codes validated to have high positive predictive value for opioid 

overdose or opioid-related adverse events(30). Those individuals who died within 7 days of 

discharge after having a nonfatal overdose event were excluded from having a nonfatal 

overdose and counted as having a fatal overdose. All-cause mortality was identified through 

the RVRS death records. For opioid overdose and mortality outcomes, only days with active 

buprenorphine treatment were analyzed. Short gaps between buprenorphine prescriptions 
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occurred frequently and may not represent buprenorphine discontinuation. Thus, we defined 

buprenorphine discontinuation as having a 30-day gap without another prescription 

following the end date of their previous prescription based on fill date and days supply from 

the PMP. We censored buprenorphine treatment if they started methadone maintenance or 

were incarcerated.

Covariates

We obtained demographics and comorbidity data from the APCD and acute care utilization 

data from the Case Mix dataset during the year prior to start of observation for each person. 

Demographic data included age and sex. We also included Medicaid insurance status defined 

as any enrollment in Medicaid insurance coverage in the year prior to entering the cohort. 

Diagnoses were categorized into anxiety disorders, depressive disorders, and bipolar or 

psychotic disorders (Supplement). Any selective serotonin reuptake inhibitor prescription 

included the following types: citalopram, escitalopram, fluvoxamine, fluoxetine, paroxetine, 

and sertraline. We included whether the individual had any emergency department, 

observation, or inpatient encounters with a medical claim containing a mental health 

diagnosis code. Buprenorphine daily dose was calculated as described above and was 

included as a covariate.

Statistical analysis

We compared baseline characteristics between individuals who received at least one 

benzodiazepine fill during the study period to those who did not receive a benzodiazepine 

fill with chi-square tests for categorical variables and t-tests for the continuous variable 

(age). We then calculated outcome event rates for fatal opioid overdose, non-fatal opioid 

overdose, and all-cause mortality by concurrent benzodiazepine and buprenorphine 

treatment and buprenorphine treatment alone. We calculated extended Kaplan-Meier curves 

(taking into account time-varying benzodiazepine receipt) to compare cumulative incidence 

of fatal opioid overdose, non-fatal opioid overdose, all-cause mortality, and the proportion of 

active buprenorphine receipt on and off benzodiazepines (Figure 1).

We used Cox proportional hazards models to calculate hazards ratios (HRs) for receipt of 

benzodiazepine treatment compared to no benzodiazepine receipt restricted to periods 

during buprenorphine treatment using robust sandwich variance estimators to account for 

possible clustering by individual (Figure 1 and Supplement). Our primary analysis studied 

the association between benzodiazepine treatment and fatal opioid overdose. We also studied 

the association between benzodiazepine treatment and non-fatal opioid overdose, all-cause 

mortality, and buprenorphine treatment discontinuation. All HRs were adjusted for all 

covariates. No violation of the proportional hazards assumption was detected.

We conducted one set of sensitivity analyses. We examined the association between 

benzodiazepine prescription history and fatal overdose, non-fatal overdose, all-cause 

mortality, and buprenorphine discontinuation. Benzodiazepine prescription history was 

defined as “current” during times when an individual was actively receiving a 

benzodiazepine, “former” during times when an individual was not actively receiving a 

benzodiazepine but had received one previously (including one year prior to start of 
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observation), and “none” during times when an individual was not actively receiving a 

benzodiazepine and did not receive a benzodiazepine throughout the study period.

These analyses were not pre-registered and the results should be considered exploratory. 

Analyses were conducted using SAS Studio, version 3.5 (SAS Institute, Cary, North 

Carolina).

RESULTS

Sample

There were 63,345 people, aged 18 to 96, who received buprenorphine during the study 

period. Among the study sample, 15,283 people (24%) had filled at least one benzodiazepine 

prescription during buprenorphine treatment (Table 1). Of the 67,088 person-years of 

observation on buprenorphine, 57,825 person-years (86%) represented exposure to 

buprenorphine alone and 9,263 person-years (14%) represented exposure to buprenorphine 

and a benzodiazepine. Among the 114,971 buprenorphine treatment episodes, 102,918 

(90%) ended in discontinuation. Those who received benzodiazepines were more likely to be 

female (49% of those who received a benzodiazepine were female vs. 34% of those who did 

not receive a benzodiazepine), have an anxiety disorder diagnosis (36% vs. 18%), depressive 

disorder (40% vs. 23%), bipolar or psychotic disorder (11% vs. 6%), have had a recent 

hospital-based mental health-related encounter (41% vs. 35%), and were older (mean age 40 

vs. mean age 37).

Unadjusted rates of overdose and mortality

During the 4-year study period among people treated with buprenorphine, 183 people died 

of an opioid overdose, there were 693 non-fatal opioid overdoses, and 369 people died from 

any cause (Table 2). Approximately 31% of fatal opioid overdoses occurred during times 

when people received benzodiazepines during buprenorphine treatment. The total unadjusted 

incidence rates of fatal opioid overdoses, non-fatal opioid overdoses, and all-cause mortality 

were 27, 103, and 53 per 10,000 person-years respectively. During times when people 

received benzodiazepines in buprenorphine treatment, the rate of fatal opioid overdose (60 

per 10,000 person-years) was almost three times the rate when they received buprenorphine 

alone (22 per 10,000 person-years). The rates of non-fatal opioid overdose and all-cause 

mortality during combined benzodiazepine and buprenorphine treatment alone were 

approximately twice the rates during buprenorphine treatment alone (172 vs. 92 per 10,000 

person-years and 98 vs. 48 per 10,000 person-years, respectively).

Adjusted analyses

Figure 1 shows extended Kaplan-Meier estimates and hazard ratios describing the 

relationship between benzodiazepine receipt and fatal and non-fatal overdose, all-cause 

mortality, and buprenorphine discontinuation. Compared to periods during which people 

received buprenorphine alone, periods of concurrent benzodiazepine and buprenorphine 

receipt were associated with an increased risk of opioid-related overdose death (hazard ratio 

= 2.92; 95% confidence interval [CI], 2.10–4.06). Benzodiazepine treatment during 

buprenorphine treatment was also associated with an increased risk of non-fatal opioid 
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overdose (HR = 2.05; 95%CI, 1.68–2.44) and all-cause mortality (HR = 1.90; 95%CI, 1.48–

2.44). Benzodiazepine treatment during buprenorphine treatment was associated with a 

decreased risk of buprenorphine treatment discontinuation (HR = 0.87; 95%CI, 0.85–0.89).

Sensitivity analysis

We conducted a sensitivity analysis testing the association between benzodiazepine 

prescription history and fatal opioid overdose, non-fatal opioid overdose, all-cause mortality, 

and buprenorphine treatment discontinuation. We found only minor differences in the degree 

of association between current benzodiazepine receipt and all of the outcomes compared to 

our primary analyses. For fatal and non-fatal overdose and all-cause mortality, former 

benzodiazepine receipt was associated with a lower risk compared to current benzodiazepine 

receipt. In the case of non-fatal overdose, former benzodiazepine receipt was associated with 

a decreased risk compared to no benzodiazepine receipt. Lastly, former benzodiazepine 

receipt was associated with an increased risk of buprenorphine discontinuation.

DISCUSSION

In this large sample of people who received buprenorphine treatment in Massachusetts, 

receipt of benzodiazepines was associated with an increased risk of fatal opioid overdose, 

non-fatal opioid overdose, and all-cause mortality and a decreased risk of buprenorphine 

treatment discontinuation. The unadjusted rate of fatal opioid overdose while receiving 

benzodiazepines during buprenorphine treatment was almost three times that of receiving 

buprenorphine alone and rates of non-fatal overdose and all-cause mortality while receiving 

benzodiazepines during buprenorphine treatment were approximately two times that of 

receiving buprenorphine alone. Of note, fatal opioid overdose during buprenorphine 

treatment was relatively rare: there were only 183 fatal opioid overdoses during the 4-year 

study period representing less than 4% of the 4,754 estimated total opioid overdoses in the 

state of Massachusetts(31).

These findings differ from previous cohort studies that have suggested that benzodiazepines 

are not associated with an increased risk of overdose or mortality in patients receiving 

buprenorphine. Abrahamsson et al.(26) did not find a statistically significant association 

between concurrent benzodiazepine prescription and overdose death or all-cause mortality in 

a sample of 3,221 individuals receiving buprenorphine in Sweden. Likewise, Dupouy et al.

(27), in a univariate analysis, did not find a statistically significant association between 

receipt of benzodiazepines and all-cause mortality in a sample of 713 individuals receiving 

buprenorphine in France, though this analysis also included times when individuals 

discontinued buprenorphine and were not receiving buprenorphine treatment. Those studies 

may have been underpowered to detect an association between benzodiazepines and 

mortality, in part due to the relatively small number of deaths in those studies (70 deaths in 

Abrahamsson and 29 deaths in Dupouy). Abrahamsson et al. adjusted for similar 

demographic characteristics and for previous inpatient treatment for non-fatal overdose. This 

differed from our approach of adjusting for all emergency or hospital mental health 

encounters and psychiatric diagnoses and may explain differences in our findings.
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In this study, receipt of benzodiazepines during buprenorphine treatment was associated with 

an increased risk of overdose and mortality. Furthermore, former benzodiazepine receipt was 

associated with less risk of overdose compared to current benzodiazepine receipt in our 

sensitivity analysis. Because benzodiazepines can increase respiratory depression(32) and 

may remove the protective respiratory ceiling of buprenorphine(7), benzodiazepine use may 

increase the risk of overdose by inducing respiratory depression. Additionally, given that 

patients receiving methadone treatment for addiction often use benzodiazepines “to feel 

good” or “to get high”(21) or to “boost” the effect of methadone(33), benzodiazepine use in 

the setting of buprenorphine treatment may increase the risk of overdose by causing overuse 

of benzodiazepines or by inducing relapse to illicit opioid use. Alternatively, receipt of a 

benzodiazepine prescription may be a marker for a severe anxiety or insomnia disorder. 

Since insomnia and high levels of anxiety are predictors of substance use relapse(34–37), 

our findings may be a result of confounding by the indication for which benzodiazepines 

were prescribed.

We found that benzodiazepine receipt during buprenorphine treatment was associated with a 

decreased risk of buprenorphine treatment discontinuation, a novel finding in this 

population, and one that we suspected based on clinical experience. Since discontinuation of 

buprenorphine treatment is so common(38,39), clinicians should be aware of factors that are 

associated with an increased risk of discontinuation. Benzodiazepine treatment may lead to 

improved buprenorphine treatment retention because it can effectively treat anxiety 

symptoms. Given anxiety and sleep disturbance has been associated with an increased risk 

of medication nonadherence(40–42), relief of anxiety and insomnia symptoms might 

promote better buprenorphine treatment adherence. Additionally, we found that former 

benzodiazepine receipt was associated with an increased risk of buprenorphine 

discontinuation. This might suggest that people formerly but not actively prescribed 

benzodiazepines have under treatment of anxiety and insomnia leading to worse 

buprenorphine treatment adherence. Alternatively, those who received benzodiazepines may 

have been more likely to remain in treatment due to the indication for which 

benzodiazepines were prescribed, rather than the benzodiazepine itself. People with co-

occurring mental disorders and drug use disorders are more likely to seek treatment than 

those with a single disorder alone(43,44). Furthermore, psychiatric diagnosis among those 

receiving buprenorphine has been associated with improved treatment retention(45,46). 

Thus, people who receive benzodiazepines may have a more severe underlying mental 

disorder and it may be the underlying mental disorder that leads them to seek and remain in 

buprenorphine treatment rather than receiving the benzodiazepine prescription.

Our findings suggest that there are both risks and benefits of prescribing benzodiazepines to 

individuals receiving buprenorphine. Though benzodiazepines were associated with an 

increased risk of overdose and mortality, they were also associated with a decreased risk of 

buprenorphine discontinuation. Since treatment with buprenorphine is associated with 

significant reductions in overdose and mortality(47,48), individuals who receive 

benzodiazepines during buprenorphine treatment may also have a lower risk of overdose and 

mortality in the long run by remaining in treatment. Because it is unclear which individuals 

who receive benzodiazepines during buprenorphine treatment are most likely to overdose or 

remain in treatment, clinicians should be cautious when prescribing benzodiazepines to 
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patients who receive little clinical benefit from benzodiazepine treatment or do not have a 

diagnosis that warrants benzodiazepine treatment. Similarly, clinicians should be cautious 

when discontinuing benzodiazepines, even in patients who receive little clinical benefit from 

benzodiazepine treatment or do not have a diagnosis that warrants benzodiazepine treatment.

Limitations

Because we assumed individuals took their medications according to the prescriber’s 

instructions, we may not have accurately determined whether an individual took their 

prescribed medication on any given day which may have biased results. With regards to 

overlapping prescriptions, we assumed the first prescription ended the day the second 

prescription began which may have shortened the actual duration of medication exposure. 

We believe this is a relatively rare event given early refills for buprenorphine are often only 

granted for a limited number of emergencies by insurances in Massachusetts. Furthermore, 

the state PMP records prescription fill dates, not pick up dates. Thus, there may be a lag 

between the fill date and the date the patient picked up the medication. We believe this is a 

rare event given the withdrawal syndromes associated with buprenorphine and 

benzodiazepines. Because our research question was aimed at the safety of benzodiazepine 

prescribed during buprenorphine treatment, we restricted our analysis to times during receipt 

of buprenorphine. Thus, we do not know from this analysis whether the relationship between 

benzodiazepines and overdose or mortality changes when times outside of buprenorphine 

treatment are included. Dupouy et al.(27) included times outside of buprenorphine treatment 

and did not find an association between benzodiazepine receipt and mortality, though it is 

difficult to draw conclusions from that analysis given both benzodiazepine and 

buprenorphine exposure were not treated as time-varying. Because of the observational 

nature of this study’s design, we were unable to ascertain whether benzodiazepine use is a 

direct cause of overdose, mortality, or increased buprenorphine treatment retention, though 

we did adjust for several important confounders including psychiatric co-morbidities and 

service use. Furthermore, we did not analyze toxicology data at the time of death and 

therefore were not able to determine which opioids or benzodiazepines contributed or were 

actually present at the time of death.

CONCLUSIONS

In this large observational study of individuals receiving buprenorphine treatment, receipt of 

benzodiazepines was associated with an increased risk of fatal opioid overdose, non-fatal 

opioid overdose, and all-cause mortality. Receipt of benzodiazepines was also associated 

with a decreased risk of buprenorphine discontinuation. Further evaluation is needed in this 

population to determine the comparative risks and benefits of initiating, continuing, and 

discontinuing the co-prescription of buprenorphine and benzodiazepines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Extended Kaplan-Meier plots and adjusted hazard ratios* of fatal opioid overdoses, 
non-fatal opioid overdoses, all-cause mortality, and buprenorphine discontinuation by receipt of 
benzodiazepines.
*Adjusted for sex, age, race, Medicaid receipt, diagnosis of depressive disorder, anxiety 

disorder, bipolar/psychotic disorder, SSRI receipt, time-varying buprenorphine dose, and 

recent hospital-based mental health encounter (Supplement Table 2 shows full model 

results).

**Note truncated y-axis for fatal overdose, non-fatal opioid overdose, and all-cause 

mortality.

***Denotes number of buprenorphine treatment episodes
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Table 1:

Characteristics of the sample of individuals who received buprenorphine in Massachusetts between 2012–2015

Receipt of benzodiazepine at any time while also prescribed buprenorphine* Total

Characteristic No (n=48,062)
n (%)

Yes (n=15,283)
n (%)

n=63,345
n (%)

Female 16,343 (34) 7,435 (49) 23,778 (38)

Age, mean (SD) 37 (11) 40 (11) 38 (11)

Medicaid enrollment 21,172 (44) 6,666 (44) 27,838 (44)

Anxiety disorder 8,479 (18) 5,493 (36) 13,972 (22)

Depressive disorder 11,090 (23) 6,045 (40) 17,135 (27)

Bipolar/psychotic disorder 2,849 (6) 1,690 (11) 4,539 (7)

Receipt of SSRI prescription 3,178 (7) 1,865 (12) 5,043 (8)

Hospital-based mental health-related 

encounter** 17,015 (35) 6,238 (41) 23,253 (37)

*
p<0.001 for all comparisons between groups except for Medicaid enrollment which had p-value of 0.45.

**
Emergency department, observation, or inpatient discharge for mental health condition
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Table 2:

Incidence rates of fatal opioid overdoses (FOD), non-fatal opioid overdoses (NFOD), and all-cause mortality 

during buprenorphine (BUP) treatment by receipt of benzodiazepine (BZD)

Person-
Years FOD,No.

FOD rate per 
10,000 Person-
Years (95%CI)

NFOD, 
No.

NFOD rate per 
10,000 Person-
Years (95%CI)

All-cause 
Death, No.

All-cause Mortality 
rate per 10,000 
Person-Years 

(95%CI)

BUP 
only 57,825 127 22 (18, 26) 533 92 (85, 100) 278 48 (43, 54)

BZD + 
BUP 9,263 56 60 (47, 78) 159 172 (147, 200) 91 98 (80, 121)

Total 67,088 183 27 (24, 32) 693 103 (96, 111) 369 55 (50, 61)
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