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Abstract

IMPORTANCE Treatment with methadone or buprenorphine is the current standard of care for

opioid use disorder. Given the paucity of research identifying which patients will respond best to

whichmedication, bothmedications should be accessible to all patients so that patients can

determine which works best for them. However, given differences in the historical contexts of their

initial implementation, access to each of these medications may vary along racial/ethnic lines.

OBJECTIVE To examine the extent to which capacity to providemethadone and buprenorphine

vary with measures of racial/ethnic segregation.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study included all counties and

county-equivalent divisions in the US in 2016. Data on racial/ethnic population distribution were

derived from the American Community Survey, and data on locations of facilities providing

methadone and buprenorphine were obtained from Substance Abuse andMental Health Services

Administration databases. Data were analyzed from August 22, 2018, to September 11, 2019.

EXPOSURES Two county-level measures of racial/ethnic segregation, including dissimilarity

(representing the proportion of African American or Hispanic/Latino residents who would need to

move census tracts to achieve a uniform spatial distribution of the population by race/ethnicity) and

interaction (representing the probability that an African American or Hispanic/Latino resident will

interact with a white resident and vice versa, assuming randommixing across census tracts).

MAINOUTCOMESANDMEASURES County-level capacity to providemethadone or

buprenorphine, defined as the number of facilities providing a medication per 100000 population.

RESULTS Among 3142 US counties, there were 1698 facilities providing methadone (0.6 facilities

per 100000 population) and 18 868 facilities providing buprenorphine (5.9 facilities per 100000

population). Each 1% decrease in probability of interaction of an African American resident with a

white resident was associated with 0.6 more facilities providing methadone per 100000

population. Similarly, each 1%decrease in probability of interaction of a Hispanic/Latino resident with

a white resident was associated with 0.3 more facilities providing methadone per 100000

population. Each 1% decrease in the probability of interaction of a white resident with an African

American resident was associated with 8.17 more facilities providing buprenorphine per 100000

population. Similarly, each 1% decrease in the probability of interaction of a white resident with a

Hispanic/Latino resident was associated with 1.61 more facilities providing buprenorphine per

100000 population.

CONCLUSIONS ANDRELEVANCE These findings suggest that the racial/ethnic composition of a

community was associated with whichmedications residents would likely be able to access when

seeking treatment for opioid use disorder. Reforms to existing regulations governing the provisions
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Abstract (continued)

of these medications are needed to ensure that bothmedications are equally accessible to all.

JAMA Network Open. 2020;3(4):e203711.
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Introduction

Since 1999, more than 700000 people in the US have died of drug overdose, includingmore than

350000 people who have died of opioid-involved overdose.1-3 Based on current trends, it is

projected that 700000more individuals will die of opioid-involved overdose in the next decade.4

The current criterion standard for treatment of opioid use disorder (OUD), as approved by the Food

and Drug Administration, includes methadone, buprenorphine, and naltrexone.5 In a 2018

retrospective cohort study in Massachusetts,6 all-cause and opioid-relatedmortality rates were

decreased by half among adults who receivedmethadone or buprenorphine within 1 year after a

nonfatal opioid-involved overdose, underscoring the strong protective benefits of these

medications. However, few individuals at risk for opioid-related harms receive thesemedications in a

timely fashion.7

To date, there is little research identifying which patients with OUDwill respond better to which

medication.8 Furthermore, no single medication has been endorsed as a preferred first-line

treatment,5 but a 2020 study9 reported that treatment with either methadone or buprenorphine

was effective in reducing the risk of opioid overdose and opioid-related acute care utilization

compared with other nonpharmacological treatment modalities. In addition, long-term outcomes do

not appear to differ substantially between individuals using either medication.10 Given this lack of

information to guide clinical practice, bothmedications should be equally available for all patients.

However, treatment modalities for OUD are most often selected by patients on the basis of logistical

considerations, such as geographic access to opioid treatment programs (OTPs) to provide

methadone or health care practitioners with waivers to prescribe buprenorphine.8 Although both

medications are approved by the Food and Drug Administration, there are stark differences in the

social and historical contexts of their development, regulation, and initial implementation that

continue to affect how thesemedications are delivered.

Methadone, a full μ-opioid receptor agonist, was shown to be effective in treating the

symptoms of opioid withdrawal in the 1960s.11-13 Stemming from regulations issued when

methadone was first approved by the Food and Drug Administration for the treatment of OUD in

1972,14 access remains tightly controlled. Outside its use as an analgesic, methadone can only be

provided at OTPs that have been certified by the Substance Abuse andMental Health Services

Administration.15 As heroin use and crime became increasingly racialized in the media and political

discourse the early 1970s with the beginning of the War on Drugs, OTPs were primarily targeted to

urban African American communities with the goal of reducing crime.16 Furthermore, tight federal

regulations governing operation of OTPs have created a punitive treatment environment for many

patients, many of whom feel that they do not have control over when and where they are able to

receive methadone, noting that the structure of these programs often controls their daily lifestyles.17

Given its origins in theWar on Drugs, it is possible that racial/ethnic minority communities may have

differential access to methadone compared with other evidence-based treatment options.

Buprenorphine, a partial μ-opioid agonist and κ-opioid receptor agonist, was first shown to be

effective in treating opioid withdrawal in 1988.18 It was later approved for use in treating OUD in

2002.18 The Drug Addiction Treatment Act was passed in 2000 in an attempt to expand access,

allowing health care practitioners with certain training to receive a waiver from the Drug

Enforcement Administration to prescribe and administer scheduled drugs for use in treatment of

OUD, including in office-based settings.19 As the first wave of themodern opioid epidemic escalated

in predominantly white suburban and rural communities, therewas a strong emphasis on expanding
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capacity to prescribe prescription buprenorphine in these settings.20During congressional hearings

on the Drug Addiction Treatment Act, buprenorphinewas described by the director of the National

Institute on Drug Abuse as a medication that would be useful for the new population of people who

use opioids who were “unsuited to [methadone].”20 The availability of buprenorphine in office-

based settings offered a new flexibility in treating OUD that was impossible within the highly

regulated structure of OTPs.21However, considering the framing of this medication at its

introduction, it is possible that white communities may have differential access to buprenorphine.

It has been hypothesized that access to each of these medications may be racialized.21Hansen

and colleagues22 found that at a zip code level in New York, New York, the percentage of residents

who were African American in an area was positively correlated with the proportion of residents who

receivedmethadone and negatively correlated with the proportion who received buprenorphine.

The extent to which access to thesemedications for OUDmay vary across racial lines at the national

level remains unknown. As such, we conducted a cross-sectional, nationwide, geospatial assessment

to examine the extent to which variation in capacity to provide methadone and buprenorphine at

the county level was associated with residential racial segregation.

Methods

This study was deemed to not be human participants research by the Brown University Human

Research Protection Program andwas considered exempt from institutional review board review and

informed consent. The reporting of this cross-sectional study conforms to the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Primary Exposures

Two separate measures were created for each county to reflect the racial/ethnic distribution of the

population (eTable 1 in the Supplement) using data from the American Community Survey. The first

measure, the index of dissimilarity, represents the proportion of a group that would need to move

to create a uniform distribution of the population by race/ethnicity.23 This index ranges from 0,

indicating that the proportion of each group in each census tract is the same as the proportion in the

population as a whole, to 1, indicating that each census tract contact contains only members of 1

group.23 Separate measures were calculated for African American residents and Hispanic/Latino

residents. The secondmeasure, the index of interaction, represents the probability that a member of

one groupwill meet or interact with amember of another group.23 Its value can be interpreted as the

number of people out of 100 that an African American person meets who will be white, and vice

versa.23 This index ranges from0 to 1 and, in general, is highest when both groups have equal

numbers and are spread evenly across the tracts.23 Because this metric depends on both the

distribution of groups and on the proportion of the population represented by each group, this index

is not symmetrical (ie, the probability that a typical African American resident of a county will meet

a white resident is not always the same as the probability that a typical white resident will meet an

African American resident).23 As such, 4 separate measures were calculated for each county: 2

measures representing the interaction of African American residents and Hispanic/Latino residents

with white residents and 2 measures representing the interaction of white residents with African

American residents and Hispanic/Latino residents.

PrimaryOutcomes

Data regarding the location of facilities providing methadone and buprenorphine in 2016 were

obtained from the Substance Abuse andMental Health Services Administration.24,25 For methadone,

a facility was defined as a licensedOTP. For buprenorphine, a facility was defined as a locationwhere

at least 1 waivered health care practitioner was listed as maintaining a practice. Locations with

multiple waivered practitioners were combined into a single listing. These facilities included licensed

OTPs that also offered buprenorphine. As a sensitivity analysis, we removed facilities that offered
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bothmedications from our measures of capacity to provide buprenorphine so that a facility was

considered to be a location where at least 1 waivered practitioner was listed as maintaining a practice

but where methadone was not also being provided.

All postal addresses were preprocessed prior to geocoding to improve standardization and

quality. Any addresses with post office boxes were removed. All data were reviewed for misspelled

address information using Google Maps (Alphabet), and incorrect spellings were corrected. The

spelling of addresses was standardized to US Postal Service format (eg, street to St). Addresses were

then geocoded in ArcGIS version 10.4 (Esri) through a 2-step process to assign latitude and longitude

coordinates to each facility.26 From these points, we createdmeasures of capacity as the number of

facilities per 100000 population in a county.

Other Covariates

Opioid-InvolvedOverdoseMortality

Using restricted usemortality files from the Centers for Disease Control and Prevention,1-3we

extracted data on the number of individuals who died of opioid overdose for all counties in the US

and the District of Columbia.27Opioid-involved mortality was included as a proxy for the underlying

burden of OUD, which likely influences treatment capacity within and across counties. Opioid-

involved overdose was expressed as the number of opioid-involved overdose deaths per 100000

population in a county.

Urban/Rural Classification

The National Center for Health Statistics Urban-Rural Classification Scheme for Counties was

developed for use in studying associations between urbanization level and health and for monitoring

the health of urban and rural residents.28 Counties were classified into 6 urbanization levels on a

continuum ranging from 1, indicating themost urban, to 6, themost rural. These categories were

collapsed into 3 levels: metropolitan, micropolitan, and rural.

Statistical Analysis

To assess the association of the primary exposures with capacity to providemethadone and

buprenorphine, we computed separate ordinary least squares regression models for each racial/

ethnic group and eachmedication. Spatial error models were computed as the residuals resulting

from thesemodels that showed evidence of spatial autocorrelation (ie, the degree to which a set of

spatial features and their associated values tend to be clustered or dispersed in space),29,30 thus

violating the assumption of uncorrelated errors terms in standard regressionmodels.31 Thesemodels

assume that the error terms across different spatial units are correlated with varying degrees based

on how close the units are to each another.31 All final models were adjusted for opioid-involved

overdosemortality and urbanicity. Four individual models were fit for each racial/ethnic group

(African American and Hispanic/Latino) and eachmedication (methadone and buprenorphine). All

analyses were conducted in R Studio statistical software version 1.1.456 (R Project for Statistical

Computing). Data were analyzed from August 22, 2018, to September 11, 2019.

Results

The analytic sample included 3142 counties. As of 2016, there were 1698 facilities providing

methadone (0.56 facilities per 100000 population) and 18 868 facilities providing buprenorphine

(5.9 facilities per 100000 population). The mean (SD) county-level capacity to provide methadone

was 0.28 (0.96) facilities per 100000 population, and the mean (SD) county-level capacity to

provide buprenorphine was 4.1 (5.8) facilities per 100000 population (Figure).

The results of unadjusted and adjusted analyses of capacity to providemethadone are

presented in Table 1. Capacity to provide methadone was lower in more dissimilar counties, where

there were 0.42 fewer facilities per 100000 population for every 1% increase in the proportion of

JAMANetworkOpen | SubstanceUse andAddiction Association of Racial/Ethnic SegregationWith Treatment Capacity for Opioid Use Disorder

JAMA Network Open. 2020;3(4):e203711. doi:10.1001/jamanetworkopen.2020.3711 (Reprinted) April 22, 2020 4/11

Downloaded From: https://jamanetwork.com/ on 08/27/2022



African American residents who would need tomove to create a uniform distribution of the

population by race (β = −0.42; 95% CI, −0.67 to −0.18). Capacity to providemethadone was lower in

counties where African American residents were more likely to interact with white residents, with

0.60 fewer facilities per 100000 population for every 1% increase in the probability that an African

American resident would interact with a white resident (β = −0.60; 95% CI, −0.83 to −0.37).

However, the probability that a white resident would interact with an African American resident was

not associatedwith capacity to providemethadone. Capacity to providemethadonewas also lower

in counties where white residents were more likely to interact with Hispanic/Latino residents, with

Figure. County-Level Capacities to ProvideMethadone or Buprenorphine

Capacity to provide methadoneA Capacity to provide buprenorphineB

2.50-4.99 5.00-9.99 ≥10.00 None0.01-2.49

Facilities per 100 000 population

Table 1. Association of Racial SegregationWith Capacity to ProvideMethadone at the County Level in the US in 2016a

Community variable

β (95% CI)

Unadjusted

Adjusted

Model 1b Model 2c

Index of dissimilarity

African American 0.28 (0.09 to 0.47) −0.42 (−0.67 to −0.18) NA

Hispanic/Latino 0.58 (0.36 to 0.80) NA 0.08 (−0.19 to 0.36)

Index of interaction

White residents with African American residents −0.99 (−1.73 to −0.26) −0.79 (−1.58 to 0.00) NA

African American residents with white residents −0.75 (−0.92 to −0.58) −0.60 (−0.83 to −0.37) NA

White residents with Hispanic/Latino residents −0.64 (−0.80 to −0.48) NA −0.30 (−0.51 to −0.08)

Hispanic/Latino residents with white residents −0.71 (−1.20 to −0.21) NA 0.06 (−0.46 to 0.58)

Urban/rural classification

Metropolitan [Reference] [Reference] [Reference]

Micropolitan −0.15 (−0.25 to −0.06) −0.09 (−0.19 to 0) −0.10 (−0.19 to 0)

Rural −0.35 (−0.43 to −0.28) −0.18 (−0.27 to −0.10) −0.20 (−0.29 to −0.11)

Opioid overdose deaths per 100 000 population 0.02 (0.01 to 0.02) 0.01 (0.01 to 0.02) 0.01 (0.01 to 0.01)

Abbreviation: NA, not applicable.

a Capacity was measured in facilities per 100000 population.

b Includes urban/rural classification, opioid overdose deaths, and segregationmeasures

for African American communities.

c Includes urban/rural classification, opioid overdose deaths, and segregationmeasures

for Hispanic/Latino communities.
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0.30 fewer facilities per 100000 population for every 1% increase in the probability that a white

resident would interact with a Hispanic/Latino resident (β = −0.30; 95% CI, −0.50 to −0.08).

The results of unadjusted and adjusted analyses of capacity to provide buprenorphine are

presented in Table 2. Capacity to provide buprenorphine did not vary with the index of dissimilarity.

However, capacity to provide buprenorphinewas lower in counties wherewhite residents weremore

likely to interact with African American residents, with 8.17 fewer facilities per 100000 population

for every 1% increase in the probability that a white resident would interact with an African American

resident (β = −8.17; 95% CI, −12.70 to −3.63). This association was also observed in counties where

white residents were more likely to interact with Hispanic/Latino residents, with 1.61 fewer facilities

per 100000 population for every 1% increase in the probability that a white resident would interact

with a Hispanic/Latino resident (β = −1.61; 95% CI, −2.85 to −0.37). However, capacity to provide

buprenorphine did not vary with the index of interaction for African American or Hispanic/Latino

residents with white residents. These findings persisted in a sensitivity analysis in which OTPs

providing buprenorphine were removed from the counts of facilities (eTable 2 in the Supplement).

Discussion

In this nationwide, population-based, cross-sectional geospatial analysis, we found substantial

inequities in capacity to providemethadone and buprenorphine along racial lines in the US. Capacity

to providemethadonewas higher in counties where African American andHispanic/Latino residents

were unlikely to interact with white residents, while capacity to provide buprenorphine was higher

in counties where white residents were unlikely to interact with African American or Hispanic/Latino

residents. These findings describe a racialized treatment landscape for OUD in the US, where the

racial/ethnic composition of a community may significantly determine whether residents will be able

to access methadone rather than buprenorphine and vice versa when seeking treatment.

Much of the social and political attention surrounding the opioid epidemic has been centered on

the dramatic increase in overdose deaths in nonurban, predominantly white communities.32 People

who use drugs in these communities have been described by the newsmedia as the “new face of

addiction,”32 drawing a symbolic line between the drug-related harms experienced by these

predominantly white communities and the harms experienced by urban African American and

Table 2. Association of Racial SegregationWith Capacity to Provide Buprenorphine at the County Level in the US in 2016a

Community variable

β (95% CI)

Unadjusted

Adjusted

Model 1b Model 2c

Index of dissimilarity

African American 3.90 (2.78 to 5.02) 0.94 (−0.45 to 2.33) NA

Hispanic/Latino 1.78 (0.52 to 3.05) NA −1.08 (−2.66 to 0.50)

Index of interaction

White residents with African American residents −13.12 (−17.49 to −8.74) −8.17 (−12.70 to −3.63) NA

African American residents with white residents −3.26 (−4.26 to −2.25) −1.00 (−2.33 to 0.32) NA

White residents with Hispanic/Latino residents −2.67 (−3.60 to −1.74) NA −1.61 (−2.85 to −0.37)

Hispanic/Latino residents with white residents −3.62 (−6.46 to −0.78) NA −0.95 (−3.96 to 2.05)

Urban/rural classification

Metropolitan [Reference] [Reference] [Reference]

Micropolitan −0.13 (−0.68 to 0.43) 0.29 (−0.24 to 0.82) 0.30 (−0.23 to 0.83)

Rural −1.27 (−1.72 to −0.82) −0.15 (−0.65 to 0.36) −0.24 (−0.74 to 0.25)

Opioid overdose deaths per 100 000 population 0.12 (0.11 to 0.14) 0.12 (0.10 to 0.14) 0.10 (0.08 to 0.12)

Abbreviation: NA, not applicable.

a Capacity was measured in facilities per 100000 population.

b Includes urban/rural classification, opioid overdose deaths, and segregationmeasures

for African American communities.

c Includes urban/rural classification, opioid overdose deaths, and segregationmeasures

for Hispanic/Latino communities.
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Hispanic/Latino communities since the 1970s. Although white adults have the highest absolute

mortality rates due to opioid overdose as of 2017, the epidemic has accelerated rapidly among

African American adults.27 Between 2009 and 2018, the age-adjusted rate of death due to opioid-

involved overdose increased by 116% among white adults and by 289% among African American

adults.27 Although capacity to providemethadone and buprenorphine is highest in counties with the

highest disease burdens, the availability of methadone and buprenorphine is uneven across

segregated counties, leaving many patients who do not respond to amedication without access to

other evidence-based treatment options.

A 2016 study33 found racial differences in themodalities used to treat OUD. In analysis of

patients receiving care through the Veterans Health Administration, African American patients were

less likely to receive buprenorphine than their white counterparts. One explanation for the racial

difference in use of these different treatment options may reflect differences in availability at the

local level.22 This racialized pattern of enrollment in programs providing methadone was established

during the period before buprenorphine was available,34 and as such, the characteristics of the

patient population using methadone are thought to reflect the characteristics of individuals

identified to have OUD during this period.34However, these patterns have remained relatively

unchanged since the expansion of access to buprenorphine.35Our findings support this hypothesis,

noting racially segregated patterns in capacity to provide methadone and buprenorphine at the

national level.

Several strategies have the potential to improve capacity to provide to thesemedications. In the

US, methadone can only be administered at certified OTPs.15 The number of OTPs has remained

relatively stable since 2003.36 Tomeet treatment needs amid increasing burden of opioid-related

harms, dispensing of methadone at a community pharmacy after a physician prescribes it in an

outpatient clinic represents a viable solution.37Despite the implementation of this approach in other

countries,37 this approach is currently prohibited under federal law,15 but could be used to expand

access to methadone. The administration of methadone at alternate locations could improve access

in areas outside of the urban African American and Hispanic/Latino communities where these

facilities are concentrated.38

Beginning in 2017, nurse practitioners and physician assistants in the US were able to complete

thewaiver process to administer buprenorphine under the Comprehensive Addiction and Recovery

Act.39 Similar prescribing regulations in France resulted in increases in use of buprenorphine among

people with OUD and large declines in opioid-involved overdose.40 Although policy initiatives like

the Comprehensive Addiction and Recovery Act have been expected to increase access to

buprenorphine,41 leading experts have sought to abolish this waiver process altogether.42However,

given large racial/ethnic disparities in access to care from physicians, physician assistants, and

nurses,43 it is unlikely that deregulation alone would improve access to buprenorphine. Further

efforts are needed to improve the availability of high-quality health services in these communities to

ensure that both themedications and those able to provide to them are equally available to all who

need them.

Limitations

Our study has some limitations. First, our outcomes reflect 1 measure of potential capacity to provide

methadone or buprenorphine, rather than true capacity and true access. Additional barriers to

seeking and obtainingmedications for OUD beyond availability of services at the county level are well

documented.44 Furthermore, geographic access to a facility does not assure that a patient will

subsequently receive evidence-based treatment. For example, facilities providing methadone that

treat predominantly African American patients have been shown to be significantly more likely to

dispense low doses inconsistent with best practices.34,45 In addition, our measure of technical

capacity to provide buprenorphine does not account for practitioners with waivers who do not

prescribe buprenorphine nor does it account for patient limit regulations that constrain practitioners

to a maximum number of patients to whom they can prescribe.19 Second, our calculations reflect 1
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measure of potential capacity to providemethadone or buprenorphine at the county level. As such,

our findings may be different when conducted with finer geographic units.46 Third, our analyses do

not incorporate measures of segregation for other racial/ethnic identities (eg, Native American/

Alaskan Native, Asian, Native Hawaiian/Pacific Islander), and as such, our findings regarding access

to thesemedications cannot be generalized to these populations.

Conclusions

This cross-sectional study found that facilities providing methadone were significantly more likely to

be located in highly segregated African American and Hispanic/Latino counties, while facilities

providing buprenorphine were significantly more likely to be located in highly segregated white

counties. The differential availability of medications for OUD across US counties represents an

additional iteration of racism in the design and provision of health care services. Reforms to existing

federal regulations governing the provisions of these medications are needed to ensure that both

methadone and buprenorphine are equally accessible to all.

ARTICLE INFORMATION

Accepted for Publication: February 29, 2020.

Published: April 22, 2020. doi:10.1001/jamanetworkopen.2020.3711

Correction: This article was corrected on February 28, 2022, to fix a typographical error in eTable 1 in the

Supplement.

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Goedel WC

et al. JAMA Network Open.

Corresponding Author: Brandon D. L. Marshall, PhD, Department of Epidemiology, Brown University School of

Public Health, 121 S Main St, Box G-S121-2, Providence, RI 02912 (brandon_marshall@brown.edu).

Author Affiliations:Department of Epidemiology, Brown University School of Public Health, Providence, Rhode

Island (Goedel, Marshall); Department of Medicine, Albert Einstein College of Medicine, Montefiore Medical

Center, Bronx, New York (Shapiro); Department of Population Health, New York University School of Medicine,

New York (Cerdá); Department of EmergencyMedicine, Yale School of Medicine, Yale University, NewHaven,

Connecticut (Tsai); Department of Pediatrics, Boston University School of Medicine, Boston, Massachusetts

(Hadland); Grayken Center for AddictionMedicine, BostonMedical Center, Boston, Massachusetts (Hadland).

Author Contributions:Mr Goedel and Dr Marshall had full access to all of the data in the study and take

responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Goedel, Shapiro, Tsai, Marshall.

Acquisition, analysis, or interpretation of data: Goedel, Cerda, Tsai, Hadland, Marshall.

Drafting of the manuscript: Goedel, Shapiro, Tsai.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Goedel, Tsai.

Obtained funding:Marshall.

Administrative, technical, or material support: Shapiro, Marshall.

Supervision: Cerda, Marshall.

Conflict of Interest Disclosures:DrMarshall reported receiving grants from the National Institutes of Health

during the conduct of the study and outside the submitted work. No other disclosures were reported.

Funding/Support: This research was conducted with support from Center for Biomedical Research Excellence

(COBRE) on Opioids and Overdose at the Rhode Island Hospital funded by the National Institute of General

Medical Sciences (P20GM125507; Principal investigator, Josiah D. Rich, MD). In addition, Mr Goedel is supported

by awards from the National Institute of Mental Health (R25MH083620 and F31MH121112) and Dr Hadland is

supported by awards from the National Institute on Drug Abuse (K23DA045085 and L40DA042434), the

Thrasher Research Fund’s Early Career Award, and the American Pediatric Association’s Young Investigator Award.

JAMANetworkOpen | SubstanceUse andAddiction Association of Racial/Ethnic SegregationWith Treatment Capacity for Opioid Use Disorder

JAMA Network Open. 2020;3(4):e203711. doi:10.1001/jamanetworkopen.2020.3711 (Reprinted) April 22, 2020 8/11

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.3711&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.3711&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
mailto:brandon_marshall@brown.edu


Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,

management, analysis, and interpretation of the data; preparation, review, or approval of themanuscript; and

decision to submit themanuscript for publication.

REFERENCES

1. Rudd RA, Aleshire N, Zibbell JE, Gladden RM. Increases in drug and opioid overdose deaths—United States,

2000-2014.MMWRMorb Mortal Wkly Rep. 2016;64(50-51):1378-1382. doi:10.15585/mmwr.mm6450a3

2. Rudd RA, Seth P, David F, Scholl L. Increases in drug and opioid-involved overdose deaths—United States, 2010-

2015.MMWRMorb Mortal Wkly Rep. 2016;65(50-51):1445-1452. doi:10.15585/mmwr.mm655051e1

3. Scholl L, Seth P, Kariisa M,Wilson N, Baldwin G. Drug and opioid-involved overdose deaths—United States,

2013-2017.MMWRMorb Mortal Wkly Rep. 2018;67(5152):1419-1427. doi:10.15585/mmwr.mm675152e1

4. Chen Q, Larochelle MR,Weaver DT, et al. Prevention of prescription opioid misuse and projected overdose

deaths in the United States. JAMA Netw Open. 2019;2(2):e187621. doi:10.1001/jamanetworkopen.2018.7621

5. American Society of AddictionMedicine. National Practice Guideline for the Use of Medications in the Treatment

of Addiction Involving Opioid Use. American Society of AddictionMedicine; 2015.

6. Larochelle MR, Bernson D, Land T, et al. Medication for opioid use disorder after nonfatal opioid overdose and

association with mortality: a cohort study. Ann Intern Med. 2018;169(3):137-145. doi:10.7326/M17-3107

7. Chatterjee A, Larochelle MR, Xuan Z, et al. Non-fatal opioid-related overdoses among adolescents in

Massachusetts 2012-2014. Drug Alcohol Depend. 2019;194:28-31. doi:10.1016/j.drugalcdep.2018.09.020

8. Blanco C, Volkow ND. Management of opioid use disorder in the USA: present status and future directions.

Lancet. 2019;393(10182):1760-1772. doi:10.1016/S0140-6736(18)33078-2

9. Wakeman SE, Larochelle MR, Ameli O, et al. Comparative effectiveness of different treatment pathways for

opioid use disorder. JAMA Netw Open. 2020;3(2):e1920622. doi:10.1001/jamanetworkopen.2019.20622

10. Hser Y-I, Evans E, Huang D, et al. Long-term outcomes after randomization to buprenorphine/naloxone versus

methadone in a multi-site trial. Addiction. 2016;111(4):695-705. doi:10.1111/add.13238

11. Dole VP, Nyswander M. Amedical treatment for diacetylmorphine (heroin) addiction: a clinical trial with

methadone hydrochloride. JAMA. 1965;193(8):646-650. doi:10.1001/jama.1965.03090080008002

12. Dole VP, Nyswander ME, KreekMJ. Narcotic blockade: a medical technique for stopping heroin use by addicts.

Arch Intern Med. 1966;118(4):304-309. doi:10.1001/archinte.1966.00290160004002

13. Dole VP, Nyswander ME, Warner A. Successful treatment of 750 criminal addicts. JAMA. 1968;206(12):

2708-2711. doi:10.1001/jama.1968.03150120042009

14. Institute of Medicine Committee on Federal Regulation of Methadone Treatment. Federal Regulation of

Methadone Treatment. In: Rettig RA, Yarmolinsky A, eds. Federal Regulation of Methadone Treatment. National

Academies Press; 1995:120-150.

15. Substance Abuse andMental Health Services Administration. Federal Guidelines for Opioid Treatment

Programs. Substance Abuse andMental Health Services Administration; 2015.

16. Chappel JN. Methadone and chemotherapy in drug addiction: genocidal or lifesaving? JAMA. 1974;228(6):

725-728. doi:10.1001/jama.1974.03230310035024

17. Harris J, McElrath K. Methadone as social control: institutionalized stigma and the prospect of recovery.Qual

Health Res. 2012;22(6):810-824. doi:10.1177/1049732311432718

18. Bickel WK, Stitzer ML, Bigelow GE, Liebson IA, Jasinski DR, Johnson RE. A clinical trial of buprenorphine:

comparison with methadone in the detoxification of heroin addicts. Clin Pharmacol Ther. 1988;43(1):72-78. doi:

10.1038/clpt.1988.13

19. Drug Addiction Treatment Act, 1101, §3501 (2000). AccessedMarch 24, 2020. https://www.govinfo.gov/content/

pkg/PLAW-106publ310/pdf/PLAW-106publ310.pdf

20. Hansen H, Netherland J. Is the prescription opioid epidemic a white problem? Am J Public Health. 2016;106

(12):2127-2129. doi:10.2105/AJPH.2016.303483

21. Hansen H, Roberts SK. Two tiers of biomedicalization: methadone, buprenorphine, and the racial profiles of

addiction treatment. In: Netherland J, ed. Critical Perspectives on Addiction. Emerald Group Publishing Limited;

2012:79-102. doi:10.1108/S1057-6290(2012)0000014008

22. Hansen HB, Siegel CE, Case BG, Bertollo DN, DiRocco D, Galanter M. Variation in use of buprenorphine and

methadone treatment by racial, ethnic, and income characteristics of residential social areas in New York City.

J Behav Health Serv Res. 2013;40(3):367-377. doi:10.1007/s11414-013-9341-3

JAMANetworkOpen | SubstanceUse andAddiction Association of Racial/Ethnic SegregationWith Treatment Capacity for Opioid Use Disorder

JAMA Network Open. 2020;3(4):e203711. doi:10.1001/jamanetworkopen.2020.3711 (Reprinted) April 22, 2020 9/11

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.15585/mmwr.mm6450a3
https://dx.doi.org/10.15585/mmwr.mm655051e1
https://dx.doi.org/10.15585/mmwr.mm675152e1
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2018.7621&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://dx.doi.org/10.7326/M17-3107
https://dx.doi.org/10.1016/j.drugalcdep.2018.09.020
https://dx.doi.org/10.1016/S0140-6736(18)33078-2
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.20622&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://dx.doi.org/10.1111/add.13238
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1965.03090080008002&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archinte.1966.00290160004002&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1968.03150120042009&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1974.03230310035024&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://dx.doi.org/10.1177/1049732311432718
https://dx.doi.org/10.1038/clpt.1988.13
https://www.govinfo.gov/content/pkg/PLAW-106publ310/pdf/PLAW-106publ310.pdf
https://www.govinfo.gov/content/pkg/PLAW-106publ310/pdf/PLAW-106publ310.pdf
https://dx.doi.org/10.2105/AJPH.2016.303483
https://dx.doi.org/10.1108/S1057-6290(2012)0000014008
https://dx.doi.org/10.1007/s11414-013-9341-3


23. Iceland J, Weinberg DH, Steinmetz E. Racial and Ethnic Residential Segregation in the United States:

1980-2000. United States Department of Commerce; 2002.

24. Substance Abuse andMental Health Services Administration. Opioid treatment program directory. Accessed

February 6, 2020. https://dpt2.samhsa.gov/treatment/

25. Substance Abuse and Mental Health Services Administration. Buprenorphine practitioner locator. Accessed

February 6, 2020. https://www.samhsa.gov/medication-assisted-treatment/practitioner-program-data/

treatment-practitioner-locator

26. SchootmanM, Sterling DA, Struthers J, et al. Positional accuracy and geographic bias of four methods of

geocoding in epidemiologic research. Ann Epidemiol. 2007;17(6):464-470. doi:10.1016/j.annepidem.2006.10.015

27. National Center for Health Statistics.Wide-RangingOnline Database for Epidemiologic Research (WONDER).

Accessed February 6, 2020. https://wonder.cdc.gov/

28. National Center for Health Statistics. 2013 NCHS Urban–Rural Classification Scheme for Counties; vol 2.

Centers for Disease Control and Prevention; 2014.

29. Moran PAP. The interpretation of statistical maps. J R Stat Soc Series B Stat Methodol. 1948;10(2):243-251.

30. Cliff A, Ord K. Testing for spatial autocorrelation among regression residuals. Geogr Anal. 1972;4(3):267-284.

doi:10.1111/j.1538-4632.1972.tb00475.x

31. Anselin L. Spatial regression. In: Fotheringham AS, Rogerson PA, eds. The SAGE Handbook of Spatial Analysis.

SAGE Publications; 2009:255-275. doi:10.4135/9780857020130.n14

32. Netherland J, Hansen HB. TheWar on Drugs that wasn’t: wasted whiteness, “dirty doctors,” and race in media

coverage of prescription opioid misuse. Cult Med Psychiatry. 2016;40(4):664-686. doi:10.1007/s11013-016-

9496-5

33. Manhapra A, Quinones L, Rosenheck R. Characteristics of veterans receiving buprenorphine vs. methadone

for opioid use disorder nationally in the Veterans Health Administration. Drug Alcohol Depend. 2016;160:82-89.

doi:10.1016/j.drugalcdep.2015.12.035

34. D’Aunno T, Pollack HA. Changes in methadone treatment practices: results from a national panel study, 1988-

2000. JAMA. 2002;288(7):850-856. doi:10.1001/jama.288.7.850

35. Stanton A. The SAMHSA Evaluation of the Impact of the DATAWaiver Program, Summary Report. United States

Department of Health and Human Services; 2006.

36. Alderks CE. Trends in the Use of Methadone, Buprenorphine, and Extended-release Naltrexone at Substance

Abuse Treatment Facilities: 2003-2015 (Update). Substance Abuse andMental Health Services Administration;

2017.

37. Calcaterra SL, Bach P, Chadi A, et al. Methadonematters: what the United States can learn from the global

effort to treat opioid addiction. J Gen Intern Med. 2019;34(6):1039-1042. doi:10.1007/s11606-018-4801-3

38. Stein BD, Dick AW, Sorbero M, et al. A population-based examination of trends and disparities in medication

treatment for opioid use disorders amongMedicaid enrollees. Subst Abus. 2018;39(4):419-425. doi:10.1080/

08897077.2018.1449166

39. Comprehensive Addiction and Recovery Act, 695, §524 (2016).

40. Fatseas M, AuriacombeM.Why buprenorphine is so successful in treating opiate addiction in France. Curr

Psychiatry Rep. 2007;9(5):358-364. doi:10.1007/s11920-007-0046-2

41. Andrilla CHA, Moore TE, Patterson DG, Larson EH. Geographic distribution of providers with a DEAwaiver to

prescribe buprenorphine for the treatment of opioid use disorder: A 5-year update. J Rural Health. 2019;35(1):

108-112. doi:10.1111/jrh.12307

42. Fiscella K, Wakeman SE, Beletsky L. Buprenorphine deregulation andmainstreaming treatment for opioid use

disorder: X the X waiver. JAMA Psychiatry. 2019;76(3):229-230. doi:10.1001/jamapsychiatry.2018.3685

43. Gaskin DJ, Dinwiddie GY, Chan KS, McCleary R. Residential segregation and disparities in health care services

utilization.Med Care Res Rev. 2012;69(2):158-175. doi:10.1177/1077558711420263

44. Sharma A, Kelly SM, Mitchell SG, Gryczynski J, O’Grady KE, Schwartz RP. Update on barriers to

pharmacotherapy for opioid use disorders. Curr Psychiatry Rep. 2017;19(6):35. doi:10.1007/s11920-017-0783-9

45. D’Aunno T, Folz-Murphy N, Lin X. Changes in methadone treatment practices: results from a panel study,

1988-1995. Am J Drug Alcohol Abuse. 1999;25(4):681-699. doi:10.1081/ADA-100101886

46. Fotheringham AS, Wong DWS. Themodifiable areal unit problem inmultivariate statistical analyses. Environ

Plan. 1991;23(7):1025-1044. doi:10.1068/a231025

JAMANetworkOpen | SubstanceUse andAddiction Association of Racial/Ethnic SegregationWith Treatment Capacity for Opioid Use Disorder

JAMA Network Open. 2020;3(4):e203711. doi:10.1001/jamanetworkopen.2020.3711 (Reprinted) April 22, 2020 10/11

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dpt2.samhsa.gov/treatment/
https://www.samhsa.gov/medication-assisted-treatment/practitioner-program-data/treatment-practitioner-locator
https://www.samhsa.gov/medication-assisted-treatment/practitioner-program-data/treatment-practitioner-locator
https://dx.doi.org/10.1016/j.annepidem.2006.10.015
https://wonder.cdc.gov/
https://dx.doi.org/10.1111/j.1538-4632.1972.tb00475.x
https://dx.doi.org/10.4135/9780857020130.n14
https://dx.doi.org/10.1007/s11013-016-9496-5
https://dx.doi.org/10.1007/s11013-016-9496-5
https://dx.doi.org/10.1016/j.drugalcdep.2015.12.035
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.288.7.850&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://dx.doi.org/10.1007/s11606-018-4801-3
https://dx.doi.org/10.1080/08897077.2018.1449166
https://dx.doi.org/10.1080/08897077.2018.1449166
https://dx.doi.org/10.1007/s11920-007-0046-2
https://dx.doi.org/10.1111/jrh.12307
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2018.3685&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.3711
https://dx.doi.org/10.1177/1077558711420263
https://dx.doi.org/10.1007/s11920-017-0783-9
https://dx.doi.org/10.1081/ADA-100101886
https://dx.doi.org/10.1068/a231025


SUPPLEMENT.

eTable 1. Formulas for Measures of Racial/Ethnic Segregation and Interaction at the County Level

eTable 2.Association of Racial SegregationWith Capacity to Provide Buprenorphine at the County Level, Excluding

Opioid Treatment Programs Providing Buprenorphine
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