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Abstract
Background—Prescribing benzodiazepines during buprenorphine treatment is a topic of active
discussion. Clinical benefit is unclear. Overdose, accidental injury, and benzodiazepine misuse
remain concerns. We examine the relationship between benzodiazepine misuse history,
benzodiazepine prescription, and both clinical and safety outcomes during buprenorphine
treatment.

Methods—We retrospectively examined outpatient buprenorphine treatment records, classifying
patients by past-year benzodiazepine misuse history and approved benzodiazepine prescription at
intake. Primary clinical outcomes included 12-month treatment retention and urine toxicology for
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illicit opioids. Primary safety outcomes included total emergency department (ED) visits and odds
of an ED visit related to overdose or accidental injury during treatment.

Results—The 12-month treatment retention rate for the sample (N = 328) was 40%. Neither
benzodiazepine misuse history nor benzodiazepine prescription was associated with treatment
retention or illicit opioid use. Poisson regressions of ED visits during buprenorphine treatment
revealed more ED visits among those with a benzodiazepine prescription versus those without (p <
0.001); benzodiazepine misuse history had no effect. The odds of an accidental injury-related ED
visit during treatment were greater among those with a benzodiazepine prescription (OR: 3.7, p <
0.01), with an enhanced effect among females (OR: 4.7, p < 0.01). Overdose was not associated
with benzodiazepine misuse history or prescription.

Conclusions—We found no effect of benzodiazepine prescriptions on opioid treatment
outcomes; however, benzodiazepine prescription was associated with more frequent ED visits and
accidental injuries, especially among females. When prescribing benzodiazepines during
buprenorphine treatment, patients need more education about accidental injury risk. Alternative
treatments for anxiety should be considered when possible, especially among females.
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1. Introduction
Prescribing benzodiazepines during office-based opioid treatment (OBOT) (Gunderson and
Fiellin, 2008) with buprenorphine is a practice that evokes intense discussion in clinical
settings. Fatal overdoses from mixing benzodiazepines with buprenorphine, especially
through concurrent intravenous administration, are a major safety concern (Reynaud et al.,
1998b). The Food and Drug Administration required a warning for physicians to use caution
when prescribing buprenorphine with benzodiazepines (Reckitt-Benckiser, 2010).
Additionally, many clinicians believe that benzodiazepine prescriptions should be avoided
because benzodiazepines hinder development of psychological coping strategies (Otto et al.,
2005; Soyka, 2010), can be misused (Brunette et al., 2003; Chen et al., 2011) and can
contribute to relapse (Brands et al., 2008). In contrast, others argue that use of long-acting
benzodiazepine can be helpful in some circumstances, especially to retain people with co-
occurring severe anxiety disorders who are receiving treatment for opioid dependence
(Bleich et al., 2002; Liebrenz et al., 2010). For instance, 12-month retention in
buprenorphine treatment among people with generalized anxiety disorder is low compared
to people with major depressive disorder (39% vs. 72%; Gerra et al., 2006) and to the 12-
month retention rate reported in several buprenorphine treatment samples (43–49%; Alford
et al., 2011; Fiellin et al., 2008; Gerra et al., 2006). In the context of this ongoing debate,
some OBOT programs avoid both prescribing benzodiazepines and admitting those who
already have a prescription. Alternatively, some programs will accept those who already
have a benzodiazepine prescription, while encouraging gradual benzodiazepine reduction
within a limited time period (Tyrer, 2010), subject to certain conditions aimed at enhancing
safety and limiting aberrant drug use behaviors (Lintzeris and Nielsen, 2010). Furthermore,
some clinicians prescribe benzodiazepine maintenance to people with co-occurring anxiety
disorders during buprenorphine treatment, believing it helps maintain retention and prevents
relapse.

Benzodiazepine use is common among patients prescribed buprenorphine for opioid
dependence. For example, in a Norwegian prescription database, 30% of patients on
buprenorphine received a benzodiazepine prescription during the previous year (Bramness
and Kornor, 2007). Early in treatment, patients receiving buprenorphine treatment frequently
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request a benzodiazepine prescription to mitigate anxiety and insomnia symptoms (Lintzeris
and Nielsen, 2010). Misuse of benzodiazepines is also common; in a French sample, 31% of
patients on buprenorphine had problematic use of benzodiazepines in the past month (Lavie
et al., 2009).

While benzodiazepines and buprenorphine are each safer than their respective alternatives,
barbiturates and methadone, the misuse of benzodiazepines with buprenorphine has resulted
in dangerous consequences. Benzodiazepines, unlike barbiturates, do not cause respiratory
depression when taken alone (Gasser et al., 1975; Murray et al., 1987), although
benzodiazepine use has been associated with sedation, psychomotor impairment, and
accidental injuries (Oster et al., 1990). Similarly, buprenorphine is safer than methadone
when taken by itself; its partial agonism at central mu opioid receptors results in a “ceiling
effect” on respiratory depression (Bell et al., 2009).

A French case series reported details of six overdose deaths related to concomitant use of
buprenorphine and benzodiazepines (Reynaud et al., 1998a). When buprenorphine and
benzodiazepines were co-administered to rats, the protective bell-shaped dose response
effect on respiration was eliminated (Nielsen and Taylor, 2005). Human laboratory studies
demonstrated that even when buprenorphine is taken at therapeutic doses, co-administration
with supra-therapeutic doses of benzodiazepines can remove buprenorphine's “ceiling
effect” on respiratory depression in the same pattern as co-administration with methadone
(Lintzeris et al., 2006). In Finland, where buprenorphine is the primary opioid of abuse
(Yokell et al., 2011), a retrospective analysis of opioid-associated deaths recorded in the
national postmortem toxicology database found 1363 opioid-positive cases, of which 182
had buprenorphine poisoning as the cause of death; either a benzodiazepine or alcohol was
found in all but one case, and were present in 82 and 58% of cases, respectively (Hakkinen
et al., 2012). The median concentrations of buprenorphine and benzodiazepines in these
poisonings were in the therapeutic range (Hakkinen et al., 2012). In contrast, a controlled
human laboratory study with eight patients prescribed buprenorphine who were orally co-
administered diazepam at therapeutic doses (≤20 mg) did not demonstrate an effect of
diazepam on oxygen saturation compared with placebo, even though sedation and
performance deficits emerged as the dose was increased (Lintzeris et al., 2006).
Additionally, in a cross-sectional survey of 250 people with opioid dependence, overdose
events from benzodiazepine use were self-reported ten times less frequently during
buprenorphine versus methadone treatment (Nielsen et al., 2007). Taken together, these data
suggest, even with therapeutic doses of buprenorphine, co-administration of
benzodiazepines may result in lethal overdose when used either at supra-therapeutic dosages
or at therapeutic dosages through intravenous injection or in combination with sedatives;
however, lethal overdose would be unexpected to occur in the context of controlled oral co-
administration of therapeutic dosages of benzodiazepines and buprenorphine. Therefore,
clinical investigation of the safety of benzodiazepine treatment prescribed at therapeutic
doses during buprenorphine treatment is necessary.

Using a chart review with a naturalistic, quasi-experimental design, we attempted to
evaluate the relationship between benzodiazepine prescribing and clinical and safety
outcomes during buprenorphine treatment, while also evaluating for effects of historical
benzodiazepine misuse. We investigated the relationship between past-year benzodiazepine
misuse and benzodiazepine prescription in several areas. Our primary clinical outcomes
were 12-month treatment retention and number of months without positive urine toxicology
screens for illicit opioids. Our primary safety outcomes were emergency department (ED)
visits during treatment and ED visits related to overdose and accidental injury. We
hypothesized that the best clinical and safety outcomes would occur among those without
any benzodiazepine use history. We further hypothesized that there would be more ED visits
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due to overdose and accidental injuries, more opioid-positive toxicology screens, and poorer
treatment retention among those with both a benzodiazepine prescription and history of
benzodiazepine misuse as compared with those without either a benzodiazepine prescription
or a history of benzodiazepine misuse.

2. Methods
2.1. Sample selection

This sequential-admission retrospective study was conducted with admissions to a
collaborative care OBOT program (Alford et al., 2011; Schuman-Olivier et al., 2010) from
November 2007 to June 2010. Two nurse care managers collaborated with multiple
buprenorphine prescribers, coordinating urine toxicology screening, monitoring treatment
adherence, overseeing medication management and facilitating communication with
addiction counselors. Prescribers were affiliated with an academic community healthcare
system located in five Boston Metro-North cities, sharing an electronic medical record
(EMR). The Cambridge Health Alliance human subjects review board approved this
protocol. We conducted the chart review using standardized intake forms, quarterly
interviews conducted by nurse care managers, and the EMR.

Nurse care managers conducted a brief screening assessment by telephone or in-person to
determine treatment program admission eligibility. All newly eligible patients (n = 386)
were included in this sequential admission study. Patients were expected to complete an
intake process, including: (1) comprehensive urine toxicology, (2) complete OBOT nurse
care manager assessment, and (3) buprenorphine prescription from network physician. We
excluded those with an incomplete intake process (n = 35, 9%). To enhance external
validity, we excluded special populations not commonly treated in standard buprenorphine
treatment or whose response to benzodiazepines could be atypical (i.e., psychotic disorder (n
= 2, <1%), pregnancy (n = 3, 1%), and intracranial injury (e.g., traumatic brain injury,
stroke; n = 18, 4.6%; Fig. 1). All together, we excluded 15% (n = 58) from the analysis,
resulting in 328 patients included in the analysis. Records for the final sample (n = 328)
were recorded until the date of OBOT program discharge or until 12 months after intake into
OBOT treatment.

2.2. Procedure
2.2.1. Treatment—OBOT consisted of buprenorphine maintenance treatment prescribed
by program-affiliated physicians from various medical specialties, including internal
medicine, family medicine, and psychiatry. Within this program, clinicians encouraged brief
inpatient detoxification before starting buprenorphine maintenance for patients with co-
occurring substance dependence or significant medical problems; however, detoxification
was not required when opioid dependence was the only substance use disorder present.
Standard treatment consisted of buprenorphine initiation during a half-day in-office
induction. All buprenorphine prescriptions in this study were buprenorphine/naloxone co-
formulation sublingual tablets.

Within this abstinence-focused program, patients typically participated in intensive
outpatient programming during the first two weeks of treatment and in response to substance
use lapses. The program also required patients to step down into weekly relapse prevention
groups unless psychiatric needs precluded participation. The program also provided
individual therapy and psychopharmacology based on psychiatric need. When an anxiety
disorder diagnosis was made by an in-network physician, recommending a benzodiazepine
prescription, the medical director, a board-certified addiction psychiatrist, reviewed the case
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before granting program approval. Benzodiazepine prescriptions from out-of-network
physicians were not approved.

2.2.2. Urine toxicology—Nurse care managers conducted urine toxicology at intake, and
then twice weekly during the first month. Weekly urine toxicology was expected for the first
six months of treatment. If patients were clinically stable, then the program required at least
monthly urine screening for the remainder of the year. If abstinence were violated, urine
screening frequency increased. Urine toxicology generally used enzyme-mediated
immunoassay techniques (Beckman Coulter, Fullerton, CA), but rapid chromatographic
immunoassays were used for buprenorphine and oxycodone (Bio-Rad, Hercules, CA).

2.2.3. Nurse care manager assessments—Nurse care managers conducted structured
assessments at intake, every three months thereafter, and at discharge. At intake, they
completed a comprehensive interview recording demographic characteristics, treatment
utilization and substance use history. At each three-month interview, they recorded
retention, ED visits, and benzodiazepine prescription status.

2.3. Measures and materials
2.3.1. Electronic medical record—The EMR recorded descriptions from physician
OBOT intake notes and ED visits, urine toxicology results, and medication prescriptions.
We obtained these data for each patient until 12 months after OBOT, or until discharge.

2.3.2. Measures
2.3.2.1. Benzodiazepine misuse history: In this study, we assumed the perspective of the
OBOT admitting clinician objectively examining available evidence of benzodiazepine
misuse. Benzodiazepine misuse was defined as evidence of inappropriate use of a prescribed
benzodiazepine (use in greater amounts or for longer periods of time than the prescriber
intended) OR use of benzodiazepines recreationally without a prescription (Chen et al.,
2011; Griffiths and Johnson, 2005; O'Brien, 2005). We classified patients as having a
positive benzodiazepine misuse history if they were positive in any of three categories: (1)
intake self-report (endorsed benzodiazepine misuse in the past-year); (2) clinician notes in
EMR (clinician intake notes reporting benzodiazepine misuse history in the past-year); or
(3) search of EMR prescription and urine toxicology databases in the year before intake
(presence of benzodiazepine-positive toxicology with no EMR prescription). We chose the
past-year criteria because sustained full remission of substance dependence diagnoses in
DSM-IV requires one year when no dependence criteria were met. After we entered all
intake data, but before any outcome data were examined, the lead investigators finalized
benzodiazepine misuse history assignment labels based on available clinical data at time of
intake (Fig. 1). Any disagreements were resolved by review of the record until consensus
was reached

2.3.2.2. Benzodiazepine prescription: We included patients with a benzodiazepine
prescription approved within one week after OBOT program intake.

2.3.2.3. Urine toxicology: Urine toxicology data collected for all patients included: cocaine,
benzodiazepine, and illicit opioid (e.g., heroin, oxycodone, and methadone). Assessments
were made during 12 months after intake until date of discharge.

2.3.2.4. Emergency department visits: We recorded all EMR-documented ED visits. We
reviewed the discharge summary and diagnoses from each ED visit for evidence of specific
events. We classified ED visits into relevant categories: (1) overdose; (2) accidental injury;
(3) psychiatric visit; and (4) other medical (e.g., pain, infection). To capture possible out-of-
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network ED visits, these data were cross-referenced with nurse care manager quarterly
reports, which summarized counts of ED visits per quarter. When we found differences
between EMR and quarterly records, we reviewed EMR records a second time for details of
all clinical notes recorded during the quarter. In order to focus on the prescriber's dilemma
regarding safety of benzodiazepine prescribing to people seeking OBOT, we limited our
recording of ED visits to the period while people were enrolled in OBOT.

2.3.3. Data management—We merged data from intake and quarterly forms with EMR
data. We conducted a second-person, 100% audit of all databases for data entry accuracy,
and all discrepancies were resolved with support from original documentation. Databases
were merged into SAS 9.3 for analysis.

2.4. Data analysis
We conducted several primary analyses, including clinical (treatment retention, urine
toxicology) and safety (number of ED visits, odds of an overdose- or accidental injury-
related ED visit) outcomes. We used analysis of variance and chi-square to identify any
differences among sample characteristics. Females often receive benzodiazepine
prescriptions more frequently than men (Anderson, 1981); therefore, we included both
gender and its interaction with benzodiazepine prescription as covariates in all analyses. We
used total number of weeks in the treatment program as a covariate in safety and toxicology
analyses to adjust for dropout effects.

2.4.1. Clinical outcomes: retention and urine toxicology—We used logistic
regression (proc logistic) to identify predictors of 12-month retention, including
benzodiazepine prescription, benzodiazepine misuse history, and age. To determine
differences in illicit drug use during treatment based on benzodiazepine misuse history and
benzodiazepine prescription, we used individual GEE analyses for repeated binary
dependent variables, including months without positive urine toxicology for illicit opioids,
cocaine, or benzodiazepines; benzodiazepine misuse history and benzodiazepine
prescription were predictors for these analyses.

2.4.2. Safety outcomes: ED visits—For number of ED visits during treatment, we used
Poisson regression analysis; for this analysis, number of ED visits during treatment was the
dependent variable, while benzodiazepine misuse history and benzodiazepine prescription
were predictors. We included relevant demographic and treatment utilization variables as
covariates. Additionally, we used analysis of variance to establish group ED visit means and
effect sizes.

We used individual logistic regression models to determine the odds of an ED visit during
treatment related to overdose, accidental injury, psychiatric or medical causes, with
benzodiazepine prescription as the predictor. We calculated adjusted odds ratios with
benzodiazepine misuse, weeks in treatment, and gender as covariates; as before, we also
added, the interaction between gender and prescription as a covariate.

3. Results
3.1. Sample characteristics

Patients with a benzodiazepine misuse history differed from those without a misuse history
in several ways (Table 1). Patients with benzodiazepine misuse history more frequently
reported misuse of cocaine, amphetamine, and alcohol. Additionally, they more frequently
had cocaine positive intake toxicology screens.
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Patients with OBOT-approved benzodiazepine prescriptions at intake differed from those
without benzodiazepine prescriptions in several ways: they were more frequently female,
more likely to receive disability income and work fewer days per month, with more past-
year ED visits and more likely to have had multiple psychiatric hospitalizations.

Benzodiazepine prescription use was fairly stable throughout the study; most patients
prescribed a benzodiazepine at intake still had an active prescription if they were retained in
treatment at 12 months (20/26, 77%). Eighteen patients received a benzodiazepine
prescription later during treatment. A sensitivity analysis, removing these patients (n = 310),
resulted in no effect on clinical and safety outcomes.

3.2. Treatment outcomes: retention and urine toxicology
We used age as a sole covariate because age was the only covariate with a statistically
significant independent effect on retention. Logistic regression demonstrated no statistically
significant differences in 12-month treatment retention based on past-year benzodiazepine
misuse, benzodiazepine prescription, or their combination. Similar to treatment retention,
there were also no significant main effects of benzodiazepine misuse history or
benzodiazepine prescription status on screening positive for illicit opioid or cocaine.
Unsurprisingly, those without a history of benzodiazepine misuse or benzodiazepine
prescription were least likely to have a benzodiazepine-positive urine screen during any
given month (Z = 3.73, p < 0.001).

3.3. Safety outcomes: ED visits
We initially found 243 ED visits recorded in the EMR. Care manager records summarized
214 ED visits. We found differences between EMR and care manager records in 60 out of
328 cases. After secondary review of quarters with discrepancies, we identified EMR
documentation of 18 additional out-of-network ED visits. The total number of ED visits was
261. The number of ED visits during treatment was greater among patients with a
benzodiazepine prescription, (χ2 = 9.1, p < 0.005, Cohen's d = 0.43) with no interaction
effect from benzodiazepine misuse history. Benzodiazepine prescription approved at intake
predicted the number of ED visits during OBOT treatment even when adjusted for baseline
demographic and treatment utilization differences, including number of ED visits in past-
year, benzodiazepine misuse history, gender, disability income at intake, history of multiple
psychiatric hospitalizations, days worked in the month prior to intake, and number of weeks
in treatment program (p < 0.05). Females with a benzodiazepine prescription evidenced a
higher frequency of multiple ED visits (≥2 visits during the year of treatment) than all others
(including females without a prescription and males with a prescription; χ2 = 4.2, p < 0.05,
Cohen's d = 0.51; Fig. 2).

When examining the type of ED visits patients experienced, we found those with a
benzodiazepine prescription had an increased odds of having an ED visit related to
accidental injury (OR: 3.75, CI: 1.5–6.8, p < 0.01) and other medical causes (OR: 2.09, CI:
1.15–3.82, p < 0.05), but not overdose. Gender-adjusted logistic modeling demonstrated
females with a benzodiazepine prescription had greater odds of having a visit related to
accidental injury, medical or psychiatric causes, while men did not (Table 2).

4. Discussion
This investigation of clinical outcomes and safety indicators for patients with varying levels
of benzodiazepine prescription and benzodiazepine misuse history had several key findings.

First, when comparing patients with and without a benzodiazepine prescription, we found no
significant differences in our primary clinical outcomes, including treatment retention and
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illicit opioid or cocaine use during 12 months of treatment. People with anxiety disorders
who received benzodiazepine prescriptions at OBOT intake maintained similar levels of
treatment retention and abstinence from opioids and cocaine as did the general
buprenorphine-treated population, irrespective of benzodiazepine misuse history. As such,
these findings are in contrast to common worries about benzodiazepine prescriptions
interfering with OBOT's main treatment goals.

Second, the total number of ED visits during buprenorphine treatment in the benzodiazepine
prescription group was double the number of visits in those without a benzodiazepine
prescription; this finding remained statistically significant even after adjusting for relevant
demographic and treatment utilization characteristics, including the number of past-year ED
visits.

Benzodiazepine use is associated with slowed sensory processing and psychomotor
impairment (Barker et al., 2004), potentially resulting in an increase in accidental injuries
(Oster et al., 1987), e.g. falls and impaired driving (Bramness et al., 2002). Although we
were not surprised to find an increase in accidental injury related to benzodiazepine use, the
odds ratio of 3.7 exceeded expectations based on population studies, which have suggested a
relative risk of a medical event due to benzodiazepine-related, accidental injury of only 1.15
(Oster et al., 1990). These data suggest clinicians considering benzodiazepine prescriptions
during buprenorphine treatment must pay careful attention to the risk of accidental injury to
self and others, especially among patients operating motor vehicles.

The frequency of multiple ED visits was greatest among females prescribed
benzodiazepines. The high rate of accidental injuries among females with prescriptions
might represent greater psychomotor impairment and/or sedation compared to males.
Theoretically, this could be caused by higher serum benzodiazepine levels due to (a) lower
lean body mass compared to men and/or (b) pharmacokinetic differences resulting from
cyclic hormonal variation (Yonkers et al., 1992). Similarly, this could be caused by an
interaction with norbuprenorphine levels, which may be higher among females (Moody et
al., 2011). Additionally, females are more likely than males to receive prescriptions for
psychotropic and controlled substances (Anderson, 1981; Ray et al., 1986), representing a
putative prescriber bias reflecting a pattern of more medically inappropriate prescriptions
among women. Unmeasured psychological factors might influence ED visit frequency
among women with prescriptions (e.g., psychiatric disorders or variation in help-seeking
propensity).

In this naturalistic, quasi-experimental study, which was small by epidemiologic standards,
benzodiazepine prescriptions, even when in combination with a history of benzodiazepine
misuse, were not associated with greater odds of ED visits due to overdoses while patients
were active in buprenorphine treatment. Therefore, these data did not support our original
hypothesis, nor did they substantiate one of our safety concerns. Moreover, even though
17% of the sample received a benzodiazepine prescription, only 2.7% (n = 9) of 328 patients
in buprenorphine treatment had an overdose-related ED visit during their first year of
treatment, with no fatalities occurring during OBOT. We do not have data on fatalities after
leaving treatment; however, other studies have demonstrated ongoing illicit use of full
opioid agonists (e.g., heroin, oxycodone; Bell et al., 2009; SAMHSA, 2011) and dropout
from treatment (Clausen et al., 2008; Rosca et al., 2012) both substantially increase risk of
fatal overdoses and ED visits as compared to opioid agonist maintenance treatment.

Importantly, clinical guidelines for anxiety disorders do not recommend benzodiazepines as
a first line treatment for anxiety disorders, but suggest selective-serotonin reuptake
inhibitors and serotonin-norepinephrine reuptake inhibitors instead. Because
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benzodiazepines can cause sedation, cognitive effects, dependence, and loss of anxiolytic
efficacy, guidelines for management of anxiety disorders generally support adjunct
benzodiazepines only when necessary, with restriction to short-term, scheduled dosing, in
those with low risk of misuse (Swinson, 2006).

4.1. Strengths and limitations
This study integrated clinical and laboratory information from a large collaborative care
OBOT program coordinating care for buprenorphine prescribers from 5 cities, with EMR-
based health records from the regional hospital system, including the primary regional
emergency departments. By comparing OBOT clinician records with wider-scale EMR data,
we ensured accurate capture of all ED visits during treatment, even those occurring out-of-
hospital-network. Sample characteristics were similar to previous studies (Lavie et al.,
2009), supporting overall generalizability of study results.

This study had several limitations. First, the use of structured clinical diagnostic interviews
(SCIDs) to obtain reliable anxiety disorder diagnoses could have allowed an optimal three-
way comparison between those without anxiety disorder, those with anxiety disorder but no
benzodiazepine prescription, and those with both anxiety disorder and benzodiazepine
prescription. The retrospective quasi-experimental design did not allow for SCIDs, which
might have improved reliability of anxiety and mood disorder diagnoses, particularly within
the context of substance intoxication and withdrawal symptoms at OBOT intake. Because
the clinical psychiatric diagnoses at intake did not utilize SCIDs, the research gold standard,
we chose not to include anxiety disorder subtypes in our chart review. The lack of diagnostic
specificity is a limitation of this study.

Second, despite the adequate sample size (n = 328), the low incidence of overdose-related
ED visits during treatment (n = 9) limited the power of this study to definitively address
whether or not benzodiazepine prescriptions, benzodiazepine misuse history, or their
combination are associated with increased overdose rates during OBOT treatment. Large
prospective studies or epidemiologic analyses of autopsy records are needed given the low
incidence of overdose during treatment.

Third, this study did not address program-level implications of prescribing benzodiazepines,
including risk of diversion to those without a prescription and potential increased craving
among other patients as a result of a peer receiving a benzodiazepine prescription
(Greenfield et al., 1992). Also, this study does not provide information about the relationship
between benzodiazepine prescribing during treatment and overdoses after discontinuation
from buprenorphine treatment.

Fourth, we did not collect information on buprenorphine or ben-zodiazepine dosages,
limiting our ability to clearly demonstrate a pharmacokinetic rationale explaining the
increased ED visits among females.

Finally, the ongoing use of marijuana or alcohol could influence rates of accidental injury
and ED visits, but we were unable to measure these variables objectively in this study, so
they were not included in our safety outcome models. Future studies should examine the role
played by alcohol and marijuana.

In this study we did not compare different treatment approaches to patients entering OBOT
who already have a benzodiazepine prescription and benzodiazepine dependence. Future
clinical trials are needed to evaluate if a slow benzodiazepine taper in the context of
intensive treatment for co-occurring psychiatric symptoms (Otto et al., 2010) with tight
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regulations aimed at preventing misuse and diversion (Lintzeris and Nielsen, 2010) would
maintain retention and improve safety outcomes.

4.2. Conclusions
Patients receiving buprenorphine and a benzodiazepine prescription had more than three-
fold increased odds of accidental injury compared to those without a benzodiazepine
prescription, with the greatest odds of injury among females. Patients with anxiety disorders
who received a benzodiazepine prescription at intake maintained the same retention rates in
buprenorphine treatment at 12 months as the general buprenorphine population, irrespective
of their benzodiazepine misuse history.
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Fig. 1.
Consort diagram.
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Fig. 2.
Relationship of BZD prescription (Rx) approval and gender on number of ED visits during
treatment.
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