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Abstract

Background—Geographic and demographic variation in buprenorphine and methadone
treatment use in U.S. cities has not been assessed. Identifying variance in opioid maintenance is
essential to improving treatment access and equity.

Purpose—To examine the differential uptake of buprenorphine treatment in comparison to
methadone treatment between 2004 and 2013 in neighborhoods in New York City characterized by
income, race and ethnicity.

Methods—Social area (SA) analysis of residential zip codes of methadone and buprenorphine
patients in NYC, which aggregated zip codes into five social areas with similar percentages of
residents below poverty, identifying as Black non-Hispanic and as Hispanic, to examine whether
treatment rates differed significantly among social areas over time. For each rate, mixed model
analyses of variance were run with fixed effects for social area, year and the interaction of social
area by year.

Results—Buprenorphine treatment increased in all social areas over time with a significantly
higher rate of increase in the social area with the highest income and the lowest percentage of
Black, Hispanic, and low-income residents. Methadone treatment decreased slightly in all social
areas until 2011 and then increased bringing rates back to 2004 levels. Treatment patterns varied
by social area.
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Conclusions—Buprenorphine treatment rates are increasing in all social areas, with slower
uptake in moderate income mixed ethnicity areas. Methadone rates have remained stable over

time. Targeted investments to promote public sector buprenorphine prescription may be necessary

to reduce disparities in buprenorphine treatment and to realize its potential as a public health

Page 2

measure.
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1. Introduction

The dramatic rise in the non-medical use of prescription opioids and of heroin in the U.S.
over the past decade has had major health consequences: as of 2012, drug overdose became
the leading cause of injury death in the U.S., most of these from opioids (Centers for Disease
Control and Prevention (CDC, 2014). At the same time, it is estimated that 80% of people
dependent on heroin or prescription opioids do not receive treatment (Stancliff et al., 2012).
Buprenorphine has emerged as a clinical and public health intervention; a partial opioid
agonist, it has comparable effectiveness to methadone in treating heroin and prescription
opioid dependence (Mattick et al., 2013). In order to expand access to treatment, in 2002 the
U.S. Food and Drug Administration approved the prescription of buprenorphine for opioid
maintenance treatment by general physicians in their offices, as an alternative to regulated
methadone clinics with directly observed dosing requirements (Wakhlu, 2009).

In Western European countries such as France, buprenorphine provision is seen as a public
health measure and promoted by the government among low-income, ethnic minority heroin
injecting patients, reducing their HIV and overdose rates (Lovell, 2006; Emmanuelli and
Desenclos, 2005). In the U.S., buprenorphine patients have historically been privately
insured prescription opioid users. As of 2005, buprenorphine patients were likely to be
White (92% compared to 53% of methadone patients), employed (56% vs 29% of
methadone patients), to have some college education (56% vs 19% of methadone patients),
and to be prescription opioid dependent (75%) rather than heroin dependent (Stanton et al.,
2006). Although no nationally representative data on the socioeconomic status or ethnicity/
race of buprenorphine patients has been published since the Stanton et al. study, recent city
and state-level analysis have found similar racial and socioeconomic trends (Hansen et al.,
2013; Stein et al., 2015a,b),

The demographic patterns of buprenorphine treatment in the U.S. may be explained by
Congress’ desire to address the growth in suburban and rural prescription opioid and heroin
use, which was enhanced by targeted marketing of new prescription opioids in those areas
beginning in the 1990s (Zee, 2009). Members of Congress passed legislation enabling
office-based buprenorphine maintenance that would be more palatable to a growing
population of suburban, opioid dependent people than methadone clinics (Egan et al., 2010).
Additionally, the manufacturer advertised to consumers primarily over the internet, and
helped the Substance Abuse and Mental Health Services Administration launch a web-based
physician locator to help patients find buprenorphine certified prescribers (Hansen and
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Roberts, 2012), which may have favored literate and more affluent consumers. The
certification requirement for eight hours of training itself contributed to a shortage of public
sector buprenorphine prescribers (Barry et al., 2009).

Heroin and other opioid use remains an endemic cause of overdose death, HIV and hepatitis
C infection among Blacks and Hispanics (CDC African Americans, 2015; CDC Latinos,
2015; CDC Health Disparities, 2015; Khlifi et al., 2009; Mack, 2013). Buprenorphine has
been shown to improve treatment retention and health outcomes among low-income, socially
marginalized populations (Hersh et al., 2011; Stancliff et al., 2012) including formerly
incarcerated patients (Lee et al., 2012; Magura et al., 2009) who often express a preference
for buprenorphine over methadone (Mitchell et al., 2012). Disparities in access to
buprenorphine represent a missed opportunity to protect the health of these populations.

To address the uneven distribution of buprenorphine, all states now include some form of
Medicaid coverage for buprenorphine (Rinaldo and Rinaldo, 2013), and certain major cities,
including Baltimore and Boston, actively promote buprenorphine treatment in public clinics
(Schwartz et al., 2013; Hersh et al., 2011). Beginning in 2005, New York City’s public
hospitals publicized buprenorphine among patients, encouraged physicians to become
certified, and offered buprenorphine in outpatient and inpatient settings (personal
communication with Peter Coleman, M.D., June 24, 2013). New York City is instructive
with regard to buprenorphine access; while it has the greatest number of opioid dependent
residents of any U.S. city, with estimates ranging from 92,000 to 200,000 (Frank, 2000),
only an estimated 11-23% have initiated treatment (McNeely et al., 2012). Their untreated
opioid dependence has significant consequences; injection drug use is a primary reason that
New York has the highest number of new HIV cases in the U.S. (Centers for Disease Control
and Prevention (CDC, 2012).

Despite New York City’s promotion of buprenorphine in public clinics, as of 2007,
buprenorphine patients were significantly more likely to live in high income, predominantly
White areas of New York City, while methadone patients were significantly more likely to
live in low-income, predominantly Black or Hispanic areas (Hansen et al., 2013). The
question raised in this paper is whether these treatment patterns persist. Theories of the
health impact of new health technologies in socially stratified societies predict that they
increase disparities in health and health care, due to uptake among consumers that have the
economic, cultural and social capital to access them. In the absence of countervailing public
investments, new technologies are used by more affluent, educated patients, and the use of
these technologies further increases disparities in disease detection, treatment access, and
mortality based on education and income (Glied and Lleras-Muney, 2008; Tehranifar et al.,
2009). This compounds pre-existing health inequalities: Link and Phelan (1995) have argued
that socioeconomic inequalities fundamentally cause health disparities by putting people “at
risk of risk”.

This study traces geographic changes in buprenorphine maintenance treatment (BMT) and
methadone maintenance treatment (MMT) across neighborhoods with markedly different
demographics and income levels, over a period of regulatory changes and increases in opioid
use. In 2007, a Federal amendment raised the legal limit of buprenorphine patients per
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provider from 30 to 100. In 2012, a Federal regulatory change allowed methadone clinics to
dispense take-home buprenorphine. By 2013, New York City reported an unprecedented rise
in opioid overdose deaths (Siegler et al., 2014). In analyses in which usage rates of
buprenorphine and of methadone are the dependent variables and usage is examined over
constructed social areas defined by their income levels and ethnic mix, the hypotheses tested
were: 1) usage of methadone has declined and of buprenorphine has increased in all social
areas; 2) the variation among neighborhoods defined by income, race/ethnicity in
buprenorphine and methadone usage persists over time.

The buprenorphine treatment rate was determined from data collected by the Federal Drug
Enforcement Agency (DEA) on the number of buprenorphine prescriptions written from
2004 to 2013 by residential postal ZIP code of the patient treated. Data were supplied by the
New York State Bureau of Narcotics Enforcement. Although independent verification of the
completeness of this data is not available, it is the most complete publicly available data set
on buprenorphine prescriptions because retail pharmacies are federally mandated to report
the age, address and date of service for each buprenorphine prescription recipient to the
DEA. MMT rates were based on data from the New York State Office of Alcoholism and
Substance Abuse Services (OASAS) that accounted for all patients receiving MMT in New
York City methadone clinics in 2004-2013 by patients’ ZIP code. Estimates of missing data
in this set are unavailable. MMT programs do not record ZIP codes for homeless individuals
not in shelters. Otherwise, missing data is expected to be rare since all New York City
methadone maintenance clinics are regulated by OASAS, and this data set is linked to
reimbursements and is used for budgeting purposes by the state payer. Ethnic/racial data
(Black non-Hispanic and/or Hispanic), and proportion of the population who are living less
than two times below the poverty level, were obtained from 2010 US Census ZIP Code
Tabulation area reports. Census ZIP codes were subsequently matched back to their postal
ZIP equivalents (Grubesic and Matisziw, 2006). After exclusion of codes denoting water
areas, non-residential areas, and areas with populations of less than 200, the sample
consisted of 179 New York City ZIP codes.

2.2. Measures

Annual BMT and MMT usage rates were calculated for each ZIP code. For both BMT and
MMT rates, anyone who began or ended treatment within the year was included. The
buprenorphine treatment rate is the annual number of buprenorphine prescriptions written to
patients residing in each ZIP code divided by the number of persons residing in the ZIP code
times 10,000. Because individual prescriptions usually provide a 30 day supply of
medication, prescriptions were annualized by dividing the count of 30-day prescriptions by
12. This divisor is somewhat arbitrary but does not impact the analyses that were used. The
MMT rate was defined as the annual number of people enrolled for any period of time in
methadone clinics operating in a ZIP code divided by the number of persons residing in the
ZIP code times 10,000. BMT and MMT rates have different units of measurement so are not
directly comparable. They were used to examine relative patterns of variation in use across
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neighborhoods but buprenorphine and methadone rates were not compared with each other
in the same ZIP code.

2.3. Formation of social areas

Persons receiving buprenorphine prescriptions or enrolled in methadone clinics were
identified by the ZIP code of their residential addresses. ZIP codes were aggregated based
on similarities in ZIP code census data on race, ethnicity and percent with income below two
times the poverty level (Araujo et al., 2010; Bocquier et al., 2011; Chau, 2010; Smith et al.,
2010) resulting in areas in which persons are homogeneous with respect to income and race/
ethnicity. These areas are called social areas (SAs) as they capture social features of a
population. Social areas are not necessarily geographically contiguous but are homogeneous
neighborhoods with common characteristics. For example in its application in this study,
socials areas distinguish high income predominantly white areas from poor black or poor
Hispanic areas. Analyzing data based on social areas is an established public health research
approach to examine inequalities in health particularly useful when residential level data but
not individual level data are available for each subject (Das-Munshi et al., 2010; Gottfredson
et al., 1991; Scott-Samuel, 1977; Shevky and Bell, 1995). Examining usage rates by social
areas is also advantageous when examining variables that interact in ways that make
univariate analysis difficult to interpret — in this case, the variables income, race and
ethnicity. The method was previously used in a paper by the authors to examine disparities
in buprenorphine and methadone treatment in 2007 (Hansen et al., 2013).

2.4. Statistical analyses

ZIP codes were clustered into five social areas based on the three census variables using
Ward’s minimum-variance method in the SAS 9.3 Cluster procedure (Heye and Leuthold,
2005) following the approach described in Hansen et al. (2013). Each variable was also
individually clustered into three categories which were used to describe the social area. To
examine whether rates differed significantly among social areas and whether rates varied
over year, for each rate, mixed model analyses of variance were run with fixed effects for
social area, year and an interaction of social area by year. The random component had a
random intercept effect for zip code and a subject block for years within zip code. Since raw
means for MMT usage suggested a decrease in rates over time followed by an increase, both
linear and quadratic models for the variable year were fit to the methadone data. For
consistency, this was also done for buprenorphine even though its raw means only indicated
an increase in usage. If the quadratic term in the model significantly differed from zero, two
separate linear models were run for the years of decrease and another for years of increase.
If the quadratic term did not differ from zero, the results would be based on a linear model.
In these models, to examine whether rates significantly changed at the family wise error rate
of 5% over years, model-based estimates of the slope of rates were individually tested using
a Bonferroni adjusted p value for significance (p < 0.01), for being different from zero.
Slopes were also contrasted among social areas for statistical differences (Bonferroni
adjusted, p < 0.005). Race, ethnicity and income were not introduced as control variables in
analysis of variance since the social areas encapsulate these variables. In addition, a model
was run to examine change from 2004 to 2013. All study analyses were conducted in SAS
9.3-SAS/STAT 12.1 (SAS, 2008). While insurance data might have been informative, no zip
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code level data were available on insurance. However, in the U.S. income level and ethnicity
are correlated with percent persons with insurance coverage (Adams et al., 2009; Liao et al.,
2011).

3. Results

3.1. Social area analyses

The five social areas identified were characterized by their mean percent of having a
demographic characteristic that by using cluster analysis had been classified into low (L),
medium (M), or high (H) mean percent of the characteristic. Cut-points for percent in
poverty were L < 34% and for H > 47%; L and H cut-points for Black, non-Hispanic 19%
and 51% and for Hispanic 31% and 53%. SD denotes standard deviations (See Table 1).

3.2. Rate analyses

3.2.1. Unadjusted means—Figs. 1 and 2 plot the unadjusted means of the BMT and
MMT rates respectively over years for each social area. These figures visually allow us to
examine whether; 2) MMT usage has declined and BMT usage has increased in all SAs, 2)
the variation among neighborhoods (SAs) defined by income, race/ethnicity in BMT and
MMT usage persists over time. We see that while BMT rates did increase over time, MMT
decreased until 2011 and increased thereafter partially supporting hypothesis 1. Hypothesis
2 is supported by the figures which show rates for SAs retaining their relative positions over
time. However, the rates of decrease or increase did show some variation both for methadone
and buprenorphine. Statistical analyses were conducted to back up these visualization
observations.

3.2.2. Statistical analyses—The quadratic regression model for methadone had a
significant coefficient for its quadratic term reflecting a decrease in treatment rate followed
by an increase. Subsequently, separate linear regression models were fit for 2004-2011 and
for 2011-2013, the time point cut suggested by the empirical data. For buprenorphine, one
model was run for 2004—2013. Table 2 displays the buprenorphine and MMT slopes
estimated by the models. For 2004—-2011, each model based MMT slope was significantly
different from zero indicating a significant decrease in rates in that period and these slopes
differed among social areas. The slope for SA 5 decreased at a greater rate than that of all
other slopes. For 2011-2013, SAs 2, 3 and 5 had significantly increasing slopes. Pairwise
contrasts indicated that the rate of increase in SA 5 significantly exceeded that of all other
SAs with SA 3 showing a faster rate of increase than rates in SAs 1, 2 and 4. The quadratic
regression model for buprenorphine did not have a significant quadratic term. Thus analyses
are based on a single linear regression model. All rates of change were increasing and
significantly different from zero. SAs 3 and 4 had the lowest rates of change which were
significantly lower than that of social areas 1, 2, and 5. In addition the BMT treatment rate
of change of SA 5 was significantly greater than that of SA 2.

Table 3 displays the mean usage rates by social areas contrasting years 2004 and 2013.
MMT rates within each social area did not statistically differ between these two years. BMT
rates by 2013 ranged from 6.1 to 13.5 per 10,000. In 2013, the lowest BMT treatment rates
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were in SAs 3 and 4, the moderate income areas with sizable black and Hispanic
populations. The highest BMT rates were seen in both the lowest and highest income areas.

4. Discussion

Over time, there was a steady growth in buprenorphine treatment rates in all New York City
social areas (SAs) studied. This is consistent with national studies showing that the number
of buprenorphine prescriptions per capita has increased overall (Stein et al., 2015a,b).
Methadone rates modestly declined until 2011, but by 2013 had returned to 2004 levels. In
2013, in the high income, predominately white SA 1, the buprenorphine treatment rate was
high in contrast to a low methadone treatment rate. In SA 5, the poorest social area with the
highest percentage of Hispanic residents, the BMT treatment rate was also high, but so was
the MMT treatment rate. Predominantly white SA 2 of moderate income also had relatively
high rates of buprenorphine treatment, and a relatively high methadone treatment rates.

The increase in buprenorphine treatment in SAs 1 and 2, could reflect the rapid uptake by
private physicians prescribing this treatment in predominately white well off areas. The
increase in buprenorphine treatment in the poorest area (SA5) might well indicate the uptake
of buprenorphine by public health clinicians. The fact that MMT rates were maintained in all
SAs indicates that methadone is still preferred by physicians for some and continues to be
used in well-established treatment programs. By 2013, social areas 3 and 4 with moderate
incomes and with predominately black and predominately Hispanic residents respectively
had the lowest rates of buprenorphine treatment, and had over time, slow rates of growth in
its usage, and relatively low rates of methadone treatment. Our data do not allow us to
determine if this was due to lower demand for treatment of opioid dependence in those
areas, to lower levels of physician adoption of these treatments, to lower levels of health
insurance coverage, or to other unidentified factors disproportionately affecting those areas.

One exception to the pattern of disparate geographic dissemination of buprenorphine is the
high treatment rate in social area 5, made up of low-income, primarily Hispanic/Latino
neighborhoods concentrated in the South Bronx. This exception may be explained by the
early, active efforts of South Bronx addiction treatment advocates, including those affiliated
with Montefiore Hospital and Einstein School of Medicine, to integrate buprenorphine into
both primary care and outpatient substance abuse clinics that served primarily low-income
and Medicaid insured patients (personal communication with Ernest Drucker, PhD, April 2,
2011). This network of providers, many of whom were oriented to HIV prevention and
public health outreach, were particularly receptive to using buprenorphine, (Cunningham et
al., 2006, 2008) and beginning in the early 2000s attempted to integrate it in diverse clinical
sites, including methadone clinics (Whitley et al., 2007). The impact of their efforts
demonstrates the value of promoting buprenorphine accessibility among public sector
providers.

Overall, however, buprenorphine treatment access is still unevenly distributed across
residential social areas of New York City a decade after its introduction as a novel opioid
treatment technology. Methadone treatment initially decreased after buprenorphine’s
approval but has recently shown modest increases back to its 2004 levels, indicating that it is
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still a widely used treatment. While buprenorphine prescriptions are increasing in all social
areas in New York City, the rate of increase is uneven but there is promise of substantial
uptake in the poorest areas.

The fact that two of the three social areas with the fastest rate of increase in buprenorphine
treatment were the highest income areas with the highest percentage of white residents —
SAs 1 and 2 - is consistent with theories of fundamental causes of disease and of stratified
diffusion of new technologies. In the case of SA 5, the low income predominantly Hispanic
social area concentrated in the Bronx, targeted investments in buprenorphine provision by a
safety net healthcare network dedicated to HIV prevention appear to have counteracted this
trend. In SAs 3 and 4, however, black and Hispanic populations that are already at higher
risk of opiate related morbidity may be left without buprenorphine as a treatment option, and
thereby be at even higher relative risk. BMT is covered by Medicaid in New York, therefore
disparate access to buprenorphine is likely due to the shortage of public sector
buprenorphine prescribers rather than to a lack of prescription coverage (Ducharme and
Abraham, 2008). Shortages of prescribers may be due to the pressures of large patient
caseloads assigned to public sector physicians, the lack of incentives to get trained and
certified in buprenorphine prescription among salaried public sector physicians, and
physician discomfort with pharmaceutical management of opioid maintenance patients in
conditions where they lack time and mentoring (Hutchinson et al., 2014; Thomas et al.,
2008; Turner et al., 2005; Walley et al., 2008).

The increase in disparities in buprenorphine prescriptions by social area after the Federal
regulatory changes of 2007 that raised the limit of buprenorphine patients per prescriber
indicates that factors other than patient limits may determine disparities. One limiting factor
may be Medicaid accepting prescribers; our 2012 comparison of the register of
buprenorphine-certified providers produced by the US Substance Abuse and Mental Health
Services Administration (SAMHSA), with the New York City Medicaid provider network,
showed that less than 10% of certified buprenorphine providers in New York City accept
Medicaid (Hansen et al., 2013).

The finding that MMT rates are relatively constant in the same time period that BMT rates
are increasing may suggest that buprenorphine attracts new patients into treatment that were
not previously on MMT. These buprenorphine patients come from more affluent areas of
New York City that have the highest rates of prescription opioid misuse. For example, while
prescription opioid overdose rates increased 65% across all boroughs between 2005 and
2011, in Staten Island — an affluent, suburban borough with the highest percentage of White
residents in New York City — increased 261% in the same time period (personal
communication with Marc N. Gourevitch, MD, March 11, 2009). Not displayed, but in our
data set, Staten Island had the largest increase in buprenorphine prescriptions between 2004
and 2013 and had the highest buprenorphine prescription rates in New York City. In our
interviews with community physicians in Staten Island, we learned that many of them
sought buprenorphine certification in order to address a local crisis of opioid overdose,
among patients who had not previously received substance abuse treatment (Mendoza et al.
(2016) Mendoza et al., in press). This indicates that in higher income neighborhoods, private
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practice physicians have taken the initiative to make buprenorphine more widely available to
patients who are not otherwise in treatment.

One factor that may influence differences in treatment rates by SAs is the geographic
distribution of buprenorphine prescribers and methadone clinics in New York City. Local
availability may influence the likelihood that opioid dependent patients will receive a
specific treatment. Our interviews with Staten Island and Bronx based prescribers and
administrators (cited above) do indicate that local initiatives to increase treatment
availability have an impact on local treatment utilization. In addition it is notable that Staten
Island of SA 1, which has high rates of BMT and low rates of MMT utilization, has fewer
local MMT programs than other SAs. However the addresses of buprenorphine prescribers
and methadone clinics cannot in themselves settle this question since patients in New York
City have low cost, accessible public transportation to freely cross boundaries between
social areas and boroughs, frequently see providers outside of their neighborhoods, and
public facilities in New York City do not have official catchment areas. In addition, the
SAMHSA roster of buprenorphine certified physicians is incomplete with outdated
addresses, and in using it to locate prescribers for interviews, we found that many
prescribers had multiple offices in different boroughs but reported only one address to
SAMHSA. Therefore, an accurate geographic mapping of buprenorphine prescribers would
require original data beyond available administrative sources.

This study has other limitations. One cannot infer without some error the demographic
background of individual opioid maintenance patients from the characteristics of their
neighborhoods due to the risk of ecological fallacy. Second, unmeasured neighborhood
characteristics that may influence MMT and BMT rates, such as insurance coverage rates or
the prevalence of opioid dependence, may be unevenly geographically distributed and
therefore confound the relationships between treatment rates and the demographics of social
areas. Third, differences between the units of measurement by which BMT and MMT rates
are reported precludes their direct comparison. Accordingly, we compared only geographic
patterns of these treatments over time. Finally, the patterns of treatment that this study
identified in New York City may not be generalizable to other U.S. cities.

Several interventions could be considered in light of these findings. Institutional incentives
for public clinics to train and certify physicians in buprenorphine management could
enhance public sector access to buprenorphine. For example, the New York City municipal
hospital with the largest number of buprenorphine outpatients dramatically expanded its
BMT capacity when it received grant funding for primary care-based buprenorphine and
funds to offer buprenorphine free of charge to uninsured patients (personal communication
with Marc N. Gourevitch, MD, March 11, 2009). Other studies report that public clinic
participation in clinical trials is a predictor of adoption of buprenorphine (Roman et al.,
2010), suggesting that outside resources (such as training and clinical support from research
staff) foster dissemination of new technologies for underserved populations.

This analysis points to the need for more research on uptake of medically assisted treatment
for opioid dependence among low-income and ethnic minority communities that
demonstrate moderate increases in utilization of the more recently approved buprenorphine,
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but at much lower rates than affluent predominantly White communities, suggesting
continued barriers to care. The study indicated that recent methadone treatment rates are at
the same levels as those in the beginning of the study period, while buprenorphine treatment
has increased significantly in all social areas. Income, racial and ethnic composition of
neighborhoods remain strongly correlated with buprenorphine and methadone usage over
time, and geographic disparities in BMT relative to MMT, by social areas with differing
income levels and ethnic/racial makeup, have persisted over time. In order to appropriately
tailor policy and practice interventions to enhance the equity of treatment for opioid
dependence and the access of communities strongly affected by opioid dependence to
treatment, further research is needed to determine what distinguishes new patients being
treated with office based BMT who would not otherwise have sought MMT, and which
factors determine the slower uptake of buprenorphine in low-income, predominantly ethnic
minority communities, including the availability of prescribers, insurance coverage, and the
quality and acceptability of buprenorphine treatment as opposed to methadone treatment in
those communities. Our findings suggest that disparities in treatment for opioid dependence
will persist without targeted interventions and investments informed by such research.
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Fig. 1.
Unadjusted Buprenorphine Rates: 2004-2013.
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Fig. 2.
Unadjusted Methadone Rates: 2004-2013.
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