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Abstract

Drug users are marginalized from typical primary care, often resulting in emergency department
(ED) usage and hospitalization due to late-stage disease. Though data suggest methadone
decreases such fragmented healthcare utilization (HCU), the impact of buprenorphine maintenance
treatment (BMT) on HCU is unknown. Chart review was conducted on opioid dependent patients
seeking BMT, comparing individuals (N=59) who left BMT < 3 days with those retained on BMT
(N=150), for ED use and hospitalization. Using negative binomial regressions, including
comparison of time before BMT induction, ED utilization and hospitalization was assessed.
Overall, ED utilization was 0.93 events per person year and was significantly reduced by BMT,
with increasing time (retention) on BMT. BMT had no significant effect on hospitalizations or
average length of stay.
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1.0 Introduction

Drug users often have little or no access to mainstream healthcare resources, and as many
drug treatment facilities are separate from primary care services, (Chuang et al., 2010;
Mowbray et al., 2010; Roy and Miller, 2010) drug users remain marginalized from
mainstream healthcare delivery systems (Pollack et al., 2002). As a result, they often rely on
fragmented care provided in emergency department (ED) settings. Depending on the
condition for which they seek healthcare in ED settings, and the severity of disease, such
visits may result in hospitalization. Additionally, social and medical marginalization from
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traditional healthcare settings may result in delays in accessing healthcare services. Such
delays may greatly aggravate medical problems, including preventable diseases and
conditions associated with substance abuse. These conditions include a number of acute and
chronic medical complications of substance use disorders, including pulmonary and
cardiovascular disease, infectious diseases (e.g., HIV, viral hepatitis, etc), hepatic disease,
seizures and neurological disorders, and endocrine abnormalities (Altice et al., 2010;
McGeary and French, 2000). When left untreated, many of these conditions can result in
advanced stage complications, thereby increasing morbidity and mortality. Numerous
studies document the increased utilization of ED services among drug users compared to
their non-drug using counterparts (French et al., 2000; McGeary and French, 2000; Stein et
al., 1993). A significant amount of the excess morbidity and mortality is attributable to
preventable illnesses, and unnecessary and inappropriate healthcare utilization (HCU) due to
poor access to care (French et al., 2000; McGeary and French, 2000; Stein et al., 1993).

There is a substantial body of evidence supporting the use of medication-assisted treatment
(MAT) — specifically methadone maintenance treatment (MMT) — in improving health
outcomes and decreasing fragmented HCU among drug users (Friedmann et al., 2006; Laine
et al., 2001; Laine et al., 2005; Stein and Anderson, 2003; Stenbacka et al., 1998). Entering
effective drug treatment may potentially reduce HCU in a number of ways, including
decreasing risks that result in the direct and indirect consequences of drug use, including
direct injury, increasing access to primary care services, and stabilizing the lives of
individuals whose lifestyle is chaotic. On the other hand, effective drug treatment may
increase the identification of medical co-morbidities through increased access to primary
care services, resulting in increased awareness of health care needs when the substance use
disorder is effectively treated. Furthermore, the chronic and relapsing nature of opioid
dependence often results in recidivism to and from evidence-based treatment, including
from MAT. As such, treatment is seldom continuous and results in multiple treatment
episodes over the life of a drug dependent person.

Buprenorphine (BPN) — a partial opioid agonist — became available for the treatment of
opioid dependence in 2002 (Basu et al., 2006). Buprenorphine, unlike methadone
maintenance, allows for the first time primary care providers to treat opioid dependence in
primary and specialty care settings (Altice et al., 2011; Altice et al., 2006). Since its
approval, however, there has been little investigation into the ancillary benefits of
buprenorphine maintenance treatment (BMT), such as potential impacts it may have upon
HCU. As buprenorphine has shown significant promise as effective MAT, (Barnett et al.,
2001; Carrieri et al., 2006; Kakko et al., 2003) further investigation is warranted to better
understand the added benefits BMT may offer both patients and health care systems. We
therefore sought to examine the impact of buprenorphine treatment on ED utilization and
hospitalization among a cohort of opioid dependent persons seeking BMT.

2.0 Methods

Chart review was conducted on a prospective cohort of opioid dependent persons who were
seeking BMT to assess the longitudinal HCU of eligible subjects at the only two hospitals in
the New Haven, Connecticut area. Using negative binomial regression of data from 209
enrolled subjects, we examined the association between buprenorphine treatment and HCU,
measured by the incidence and duration of hospital admissions, and incidence of visits to the
ED.

2.1 Study Setting

Project BEST (Buprenorphine Entry into Substance Abuse Treatment) began in January
2005, as the first mobile buprenorphine induction and maintenance program in the United
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States, linked to the syringe exchange program, and was provided through the Community
Healthcare Van (CHCV) in New Haven, Connecticut. The research setting and sample has
previously been described to compare tuberculin skin testing results of those in BMT with
contemporaneously matched methadone-maintained subjects (Schwarz et al., 2009) and
assessment of buprenorphine on hepatic safety (Bruce and Altice, 2007). Subjects were
recruited from and BMT was provided through the CHCV, a mobile 40-foot health care
clinic that operates in four neighborhoods in New Haven that are disproportionately affected
by poverty, substance abuse, HIV/AIDS, viral hepatitis, and mental iliness (Altice et al.,
2003; Pollack et al., 2002).

2.2 Description of Project BEST

Project BEST was developed as part of a SAMHSA-funded demonstration project to expand
BMT into community settings. In addition to the provision of BMT, subjects were also
provided street-level case management, routine HIV testing, immediate access to
buprenophine induction and stabilization in accordance with Treatment Improvement
Protocol 40 (Center for Substance Abuse Treatment, 2004), and screening and treatment of
underlying mental illness. In accordance with TIP 40, Project BEST subjects were required
to: 1) meet DSM-1V criteria for opioid dependence; 2) have no evidence of benzodiazepine
abuse, 3) have hepatic transaminase levels less than five times the upper limit of normal; and
4) have a negative pregnancy test for women of child-bearing age.

Prior to induction, a licensed buprenorphine-prescribing physician evaluated the patient for
opioid dependence using standard DSM IV criteria. At induction, subjects are administered
the Addiction Severity Index (ASI), (McLellan et al., 1992) and a standardized CHCV-
intake interview that includes demographic and social characteristics. After induction,
subjects were counseled weekly by a licensed drug treatment counselor and under went
immunoassay rapid urine toxicology and standardized counseling as described previously
(Copenhaver et al., 2007). Over the first 12 weeks, counseling included a combination of 4
weeks of motivational enhancement techniques and 8 weeks of cognitive behavioral therapy.
As in most clinical settings, the counseling intervention was provided by licensed behavioral
counselors and the medication prescription and oversight by a physician who evaluated
subjects at least monthly. After 12 weeks, contingent upon individual patient stability,
clinical staff could recommend changes to the frequency of counseling visits, urine
toxicology screening and prescription refills.

Buprenorphine was dispensed from a single pharmacy. Buprenorphine is dispensed weekly
throughout the first 12 weeks; substance abuse treatment counselors provided vouchers after
counseling sessions that allowed weekly refills. Counselors had discretionary options for
renewing vouchers in settings of documented medical or personal emergencies.

2.3 Study Design and Sample

All subjects who received even a single dose of buprenorphine were included in the
longitudinal treatment cohort if they underwent buprenorphine induction over the 30-month
enrollment period from January 1, 2005 through June 30, 2007. Subjects who were retained
on treatment for less than one week were considered comparison subjects, and by definition,
not retained on BMT. All subjects were observed for at least 12-months after induction,
resulting in a maximum of 42 months of potential observation. Prior to induction, all
subjects underwent routine consent procedures to access the relevant intake data as
described, baseline laboratory testing including hepatic transaminase levels, serology for
HIV and viral hepatitis (HBV and HCV) and urine toxicology screening. A medical release
of information was also obtained to retrieve pharmacy data and to review all medical at both
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emergency departments and hospitals in New Haven (Yale-New Haven Hospital and
Hospital of Saint Raphael).

2.4 Study Data

Standardized chart reviews were conducted for all subjects at the only two emergency
departments and hospitals in New Haven; no subjects identified as using the Veteran
Administration services. All psychiatric visits and hospitalizations are triaged through these
EDs and are included in the study. Standardized chart review forms were created for both
ED and hospital use. ED chart review forms included the demographic characteristics, date
and time of entry to the ED, chief complaint, all discharge diagnoses coded using ICD-9
criteria, and disposition (e.g. home, against medical advice, hospitalization, etc).
Hospitalization review included date of admission and discharge, primary and secondary
diagnoses, and disposition. Chart review was conducted for all ED visits and
hospitalizations for the 12-month period before and after BPN induction.

Buprenorphine utilization was collected using electronic dispensed pharmacy records.
Prescriptions were linked to copies of vouchers provided to subjects during the routine
provision of clinical care.

2.5 Study Measures and Definitions

ED use and hospitalization data was calculated over both the pre- and post-enrollment
periods. ED use was recorded as rate ratios, calculated using the number of ED visits over
an observed period of time. Similarly, hospitalization data was recorded as rate ratio count
data, number of days hospitalized over an observed time period, and hospitalization average
length of stay (ALOS) over an observed time period. Given the relapsing nature of opioid
dependence, and because some subjects were inducted onto BMT more than once, retention
on buprenorphine was recorded as the cumulative time on BPN and may have included more
than one BMT observation period after the initial induction time point. All subjects were
allowed to undergo repeat BPN inductions and/or restart BPN at any time. A comparison
group, that was meant to describe those who were “treatment seeking” yet who were not
retained on BPN, was defined as those who underwent BPN induction but who were
retained for less than one week. The BMT group was further divided into those on
continuous BMT and intermittent BMT. Individuals who were non persistent with their
BMT for any period of 30 days or more, using prescription refill data and who restarted
BPN, were defined as intermittent users.

2.6 Statistical Analysis

To analyze the impact of BMT on HCU, we analyzed data from the pre- and post-induction
time periods by estimating three separate models. Three dependent variables were used to
assess HCU: ED use; hospitalization; and ALOS.

Our analysis aimed to examine the impact of BMT on each of the dependent variables. Since
the dependent variables are expressed as number of events per unit time, a negative binomial
regression was used to model the outcome in which the conditional mean of the outcome, A,
was modeled in the following manner:

E(Y;|X;)=A=exp(a+BTime;+0Treatment;+yTreatment; Timeﬁ(pl Xx;)

Retention on BMT (Treatment;) is defined as a continuous variable expressed in months.
Time; is a dummy indicator for whether the outcome was observed during the pre- or post-
induction period and attempts to address any temporal trends in ED availability or healthcare
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access over time for both the comparison and treatment groups. The interaction term
between Treatment and Time is denoted as Treatment; Time; and x, is a vector of additional
covariates that include gender, race, cocaine use and age, to control for omitted variable
bias. Exposure was included in the model to account for different entry and exit times of
subjects over time. In this model, the parameter of interest is gamma, since it captures the
difference in the outcomes that is neither due to time effects nor the average difference
between treatment and comparison groups. The comparison group treatment variable was
automatically set equal to zero.

Because ED use, hospitalization and ALOS was observed only for those that experienced an
event, a zero-truncated negative binomial regression was estimated using the same
covariates in order to compensate for the truncation of the dependent variable. The standard
errors were clustered for the zero-truncated negative binomial regression, since there were
individuals who had more than one visit to avoid double counting. The level of significance
was set at p<0.05.

2.7 Ethical Oversight

All study protocols and investigators were approved under the Yale University Human
Investigation Committee.

3.0 Results
3.1 Description of the Sample

Table 1 contains select demographic and health characteristics of the entire cohort stratified
by whether they stopped BPN during the 3-day induction period (comparison, 28.2%) or
were retained on BPN beyond induction. In general, the sample was comprised of white men
in their late thirties who also used cocaine and qualified as meeting criteria for dual
diagnosis. BPN-retained subjects differed statistically from comparison subjects in that the
retained subjects are older and have lower prevalence of cocaine use co-morbidity. Relative
to other characteristics such as race, gender, and hospitalizations, the two groups are
statistically similar. Table 1 also contains a summary of HCU: subjects on average had 0.93
ED visits per year, and 0.19 hospital admissions per year across the pre- and post-induction
periods. Among the subset of 92 individuals who were hospitalized, the ALOS was 3.92
days.

Figure 1 provides disposition and retention data for the cohort. For all subjects, including
those in the comparison group, the median retention on BMT was 6.9 months. Among the
BMT retained group, mean retention was 27.8 months (median 21.8 months; SD 24.0).
Among the 150 subjects retained on BMT, 3 died, 10 had a prolonged incarceration
resulting in discontinuation of BMT and 22 were transferred to other forms of treatment
(counseling only, methadone maintenance, long-term inpatient treatment). Figure 2 displays
Kaplan-Meier survival estimates for the duration of BMT including the comparison and
treatment groups. Over one third (37.2%) of the sample discontinued BMT within the first
month following induction, while 25% of the sample stayed for at least 43 months in
treatment. The median time to BMT discontinuation was 6.9 months.

3.2 Correlates of Emergency Department Use

The negative binomial regression results for our three dependent variables (ED use,
hospitalization and ALOS) are provided in Table 2. Covariates associated with decreased
ED use included younger age and an interaction between BMT (post-induction time period)
and time on BPN. The over dispersion coefficient indicates that the data are over dispersed,
meaning the variance of the dependent variable is larger than the expected value, confirming
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the choice of a negative binomial regression over a Poisson model. The other variables in
the negative binomial regression were not statistically different from zero.

Retention on BMT had a strong and significant effect on reducing ED use. For each
additional month of receiving BMT, the log of expected ED usage declines 1.6% of the
expected ED visits per person for the first month of BMT. For subjects receiving BMT for
12 months, this translates to a 17.5% decline in expected ED use per subject.

There are no standardized definitions of intermittent BMT, despite opioid dependence being
a chronic relapsing disease. Among the 150 subjects who remained on BPN more than one
week, 120 (80%) had at least one BPN discontinuation lasting more than 30 days. Our
findings of reduced ED use for those who received BPN beyond the first week was robust
per month of being on BPN despite analysis controlling for one or more discontinuations
(intermittent therapy). Therefore despite the high level of variation in the intermittent BMT
group, the findings that retention on BMT is protective of ED use, irrespective of the
number of gaps in treatment, remained robust (data not shown).

3.3 Correlates of Hospitalization

For hospitalization, only increasing age was associated with increased hospitalization visits.
This result indicates that the association between BMT, or retention on BMT, and hospital
admissions is not statistically significant. A similar conclusion was reached through a
different analysis using semi-parametric duration models, which estimated the incidence of
hospital admissions with a pre- and post-induction comparison for hazard rates between
those who were treated and those who dropped out from BMT (data not shown).

3.4 Correlates of Hospital Average Length of Stay

When the dependent variable was defined as duration of hospitalization (days), a zero
truncation negative binomial was estimated for the subset of subjects who were admitted at
least once. Results from the regression indicated that individuals who received BMT did not
have a statistically significant difference in length of hospital admission when compared to
those who did not receive BMT.

4.0 Discussion

In this study, we examined the impact of retention on BPN on HCU among a cohort of
treatment-seeking subjects who were prescribed BMT. Our data, for the first time, show that
for each month of receiving BMT, there is a significant reduction in ED utilization; these
findings when amortized over a one-year period of BMT, suggest that there is, on average, a
17.5% decrease in ED usage per subject. There was no significant effect, however, of BMT
retention on hospital admissions or duration of hospitalization.

Previous research has identified correlates of HCU among people who use drugs, mostly in
the early antiretroviral treatment era, including positive HIV sero status, (Palepu et al., 1999;
Palepu et al., 2001) AIDS diagnosis, (Knowlton et al., 2001) cocaine (Palepu et al., 1999;
Palepu et al., 2001) or methamphetamine use, (Kerr et al., 2005) and unstable housing status
(Palepu et al., 1999; Palepu et al., 2001). Additional research assessing interventions that
successfully decreased HCU among drug users include having health insurance (AOR =
0.58) or access to a case manager (Mizuno et al., 2006). Other studies have demonstrated
that integration of drug treatment, specifically MMT, and primary care can significantly
decrease fragmented HCU (Friedmann et al., 2006; Laine et al., 2001; Laine et al., 2005). In
addition to the medical and social benefits of such programs for patients, linkage of primary
care and drug treatment can be beneficial for the public sector, offsetting excessive costs
incurred through the inappropriate usage of public healthcare facilities (Barnett and Hui,
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2000; Barnett et al., 2001; Ettner et al., 2006). Other successful interventions include case
management, which has offered a range medical benefits and effects across studies,
(Magnus et al., 2001; Thompson et al., 1998) and mobile primary care and needle-exchange
programs that provide readily available treatment for acute medical conditions (Pollack et
al., 2002).

While existing data suggest that MMT is an effective strategy in reducing ED use, to our
knowledge, no such effect upon ED has been investigated for patients on BMT, especially
examining the impact of duration of being retained on BMT. To our knowledge, these are
the first data affirming BMT retention on ED use. Moreover, the benefits persist with
increasing time. These data therefore inform the public debate on buprenorphine’s role as a
public health intervention impacting HCU, and specifically ED utilization. At a minimum,
we must explore mechanisms to expand BMT and to refine our treatment to improve
retention. In 2008, the average ED visit cost in the USA was $1265 (Agency for Healthcare
Research and Quality, 2008) and thus an intervention that could decrease ED usage to the
extent shown in our study would offer significant increases in efficiency and effectiveness of
our healthcare system. As our data do not show an effect upon hospital admissions or
ALQOS, further research should be directed towards investigating reasons for hospitalizations
within this population and whether BMT retention may offer an impact in particular
diagnostic-related groups.

Despite these findings, there are several study limitations. The lack of randomization among
subjects does not make it possible to completely control for selection bias and unobserved
heterogeneity among those who remained and who dropped out of BMT; motivation for
treatment or even an unmeasured covariate may have contributed differentially to our
outcomes. Data confirm that active cocaine use is associated with worse BMT retention
(Alford et al., 2011; Leonardi et al., 2008; Marsch et al., 2005; Sullivan et al., 2006), a
finding confirmed in our study. To address this finding, we controlled for cocaine use in our
final model, yet we cannot provide the additional contribution of cocaine use alone to ED
use or other types of HCU. In our estimates of the model, the time variable has a coefficient
equal to zero suggesting that the ED visit rate does not change significantly over time on
average for both comparison and treatment groups in our sample when we make a
comparison between pre and post induction periods. An implicit assumption in the model is
that the average change in ED use would have been the same for treatment and comparison
groups, also known as the parallel trend assumption, which may have been violated due to
possible selection bias. Further, our methodology of chart review is necessarily limited in its
scope and does not account for ED use outside our catchment area, however we feel the
likelihood that those who were retained on BMT, versus those who were not, used EDs
differently in terms of geography is unlikely. Additionally, given the study accounted only
for care received at the two hospitals in New Haven, Connecticut, care accessed at facilities
in other areas may have been missed. Data from ED users in New Haven, however, suggest
that these hospitals cover the overwhelming majority of ED use by drug users (Academic
ED SBIRT Research Collaborative, 2010; Pollack et al., 2002). Further, while Project BEST
included additional components such as counseling and case management, our methodology
does not allow us to separate out the specific effect of BMT alone. Though stable
benzodiazepine use was allowed, abuse was an exclusion criteria. This exclusion, however,
is compatible with current TIP 40 recommendations, but may not be generalizable to similar
patients where benzodiazepine abuse is not uncommon in this population. Moreover, our
study was conducted in a unique mobile setting which differs from other venues where BMT
may be offered, which potentially limits the generalizability of these results. The retention
on BMT overall was similar to other primary care setting (Stein et al., 2005), thus reducing
this concern. Finally, as our population was restricted by size and geographic scope, the
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generalizability of our conclusions may be limited to regions where the presence of cocaine
use is different.

Generally, our cohort appears to be representative of studies that have examined HCU in
opioid dependent patients, aside from the high prevalence of cocaine use. In general, the ED
utilization ranges from 0.28 to 1.49 visits per person per year in such populations and
hospitalization ranges from 0.22 to 0.65 total visits per person per year (Kerr et al., 2005;
Laine et al., 2001; Laine et al., 2005; Masson et al., 2002; McGeary and French, 2000;
Palepu et al., 1999; Palepu et al., 2001). Results from our study demonstrated 0.88 total
visits per person per year for ED utilization, which is well within the range documented in
previous studies and 0.18 visits per person for hospitalization, which is on the lower end of
the range seen in other cohorts.

There are approximately 2 million opioid dependent persons in the United States, yet only a
minority have access to MAT. Although MMT programs effectively decreases HCU in this
population, arguing for an increase in medication-assisted therapy availability in general,
enrollment into MMT remains limited due to its highly regulated structure as well as stigma
associated with methadone treatment, thereby limiting the degree to which it will be an
effective strategy overall to address opioid dependence in the US (Bruce, 2010). Thus, the
demonstration that retention on BMT also impacts decreased fragmented HCU offers an
additional strategy to treat opioid dependent persons while also more efficiently providing
healthcare in an increasingly challenging health care environment.
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Figure 2.
Kaplan-Meier survival estimates of time to discontinuation of buprenorphine maintenance
treatment (N=209)
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Table 1

Comparison of Buprenorphine Maintenance Treatment and Comparison Groups in Project BEST

P value, comparing BMT

BMT Retained Subjects Comparison Group (N=59, retained and comparison

Samplesize Total Sample (N=209) (N=150, 71.8%) 28.2%) groups
Indicator N (%) N (%) N (%)
Gender

Male 148 (71) 105 (70) 43 (73) 0.34

Female 61 (29) 45 (30) 16 (27) 0.34
Race/ethnicity

Black 33 (16) 21 (14) 12 (20) 0.13

Hispanic 50 (24) 34 (22) 16 (27) 0.25

White 126 (60) 95 (63) 31(53) 0.08
Mean Age, years 36.5 36.9 35.4 0.17

19-30 69 (33) 47 (31) 22 (37) 0.34

30-45 89 (43) 62 (41) 27 (46) 0.28

Over 45 51 (24) 41 (27) 10 (17) 0.06
Cocaine Use 148 (71) 95 (63) 51 (86) <0.001
Health Care Utilization | Mean | Mean | Mean | P-value
Mean Emergency Department visits per person year Mean number of Hospitalizations per person 0.93 0.95 0.86 0.35
year 0.19 0.20 0.17 0.29

N=209 | N=150 | N=59

Average Length of Hospital Stay (days) | 3.92 | 411 | 2.77 | 0.15
N=92

Null hypothesis for a T test: the difference in the means between comparison and treatment is zero
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