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Abstract

Background: In the United States, methadone provision for opioid use disorder (OUD) occurs at
opioid treatment programs (OTPs). Ohio recently enacted a policy to expand methadone
administration to Federally Qualified Health Centers (FQHC). We compared how the provision of
methadone at current OTPs or the proposed expansion to FQHCs and pharmacies meets the urban
and rural need for OUD treatment.

Methods: Cross-sectional geospatial analysis of zip codes within Ohio with at least one 2017
opioid overdose death stratified by Rural-Urban Commuting Area codes. Our primary outcome
was the proportion of need by zip code (using opioid overdose deaths as a proxy for need) within a
15- or 30- minute drive time of an OTP

Results: Among 581 zip codes, sixty four percent of treatment need was within a 15-minute
drive time and 81%, within a 30-minute drive time. The proportion of need within a 15-minute
drive decreased with increasing rural classification (urban 78%, suburban 20%, large rural 9%, and
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small rural 1%; p < .001). The portion of need within a 15-minute drive time increased with the
addition of FQHCs (96%) and the addition of chain pharmacies (99%) relative to OTPs alone
among all zip codes and for all urban-rural strata (p < .001).

Conclusion: Over one-third of OUD treatment need was not covered by existing OTPs and
coverage decreased with rural classification of zip codes. Most of the gap between supply and
need could be mitigated with FQHC methadone provision, which would expand both urban and
rural access.
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1. INTRODUCTION

In 2017, over four thousand opioid overdose deaths occurred in Ohio, the second highest
rate among states (39.2 per 100,000) (Scholl et al., 2019). Access to medications for opioid
use disorder (MOUD), methadone, buprenorphine, and naltrexone, in all treatment settings
is critical for reducing morbidity and mortality of opioid use disorder (OUD) (Leshner and
Mancher, 2019). While rates of drug overdose deaths are similar within urban and rural
counties (22.0 and 20.0 per 100,000, respectively), MOUD services are concentrated in
urban settings (Barnett et al., 2019; Douthit et al., 2015; Hedegaard et al., 2019; Lister et al.,
2019).

Methadone treatment for OUD is especially effective in reducing opioid overdose deaths, the
spread of infectious disease, and criminal justice involvement among people with OUD
(Leshner and Mancher, 2019). Methadone may best accommodate the needs of some
patients with OUD, as it is associated with a greater treatment retention relative to
buprenorphine and does not require discontinuation of opioids prior to initiation like
naltrexone (Leshner and Mancher, 2019; Mattick et al., 2014). Within the US, methadone for
OUD can only be provisioned at Substance Abuse and Mental Health Services
Administration (SAMHSA) certified opioid treatment programs (OTPs), limiting methadone
to specialized facilities. As a result, only a minority of US counties contain one or more OTP
(Abraham et al., 2018; Calcaterra et al., 2019; Mojtabai et al., 2019) and travel represents a
unique barrier for methadone treatment relative to other chronic diseases (Joudrey et al.,
2019). Federal statutes require methadone administration (observed medication dosing) six
days a week during the first 90 days of treatment with gradually increasing take home
medication allowance thereafter. Many people face long drive times to the nearest OTP and
this disparity is greater in rural versus urban communities (Joudrey et al., 2020, 2019).

With the rise in opioid overdose deaths in rural counties, there have been renewed calls for
reforming methadone delivery within the US, including integrating methadone into primary
care and utilization of alternative settings for administration (Calcaterra et al., 2019; Samet
et al., 2018). International examples exist in Canada, Australia, and the United Kingdom
which allow primary care prescribing and community pharmacy administration of
methadone to expand access (Calcaterra et al., 2019). In the US, federal regulations allow
healthcare facilities (i.e. pharmacies) affiliated with an OTP to operate as a medication unit
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for methadone administration (“42 CFR 8.12 - Federal opioid treatment standards.,” n.d.),
but state regulatory restrictions have limited medication unit adoption (McBournie et al.,
2019). Federally Qualified Health Centers (FQHC) were created to improve access to
primary care services in under resourced communities, but federal and state regulations have
prevented widespread FQHC methadone provision (Calcaterra et al., 2019; Samet et al.,
2018). To expand methadone services, Ohio enacted a 2019 policy encouraging the
utilization of FQHCs and other settings (i.e. jails or county health departments) as
medications units for methadone administration but did not include pharmacies despite
federal regulations allowing pharmacies to serve as medication units (Lawriter Ohio Laws
and Rules, 2019; McBournie et al., 2019).

It is unknown how the utilization of existing health care facilities for methadone
administration, such as Ohio’s new policy for FQHCs, could extend access to methadone
treatment to urban and rural communities experiencing OUD treatment need. Prior research
on geographic access to methadone has used the general population to represent OUD
treatment need (Joudrey et al., 2019, 2020; Kleinman, 2020), and has not explored the extent
to which the urban and rural distribution of OTPs overlaps with the need for OUD treatment.
Therefore, we compared how the provision of methadone at current OTPs or the proposed
addition of FQHCs and pharmacies overlaps with OUD treatment need, using opioid
overdose deaths as a proxy measure.

2. MATERIALS AND METHODS

2.1 Setting and Data Sources

We obtained data on 2017 overdose deaths from the Ohio Department of Health Bureau of
Vital Statistics. Overdose death data obtained from the Ohio Department of Health was not
suppressed and included all 2017 events. Consistent with Ohio Department of Health
definition of opioid overdose deaths, we included all unintentional deaths (International
Statistical Classification of Diseases [ICD] —10 codes X40-X44) with associated multiple
cause of death ICD-10 codes T40.0-T40.4 and T40.6(Ohio Department of Health, 2019). We
excluded opioid overdose deaths without an associated zip code. We obtained street
addresses for all OTPs within Ohio on May 18, 2019 from the SAMHSA Behavior Health
Treatment Services locator, which derive from 2018 National Survey of Substance Abuse
Treatment Services data (SAMHSA, n.d.). We obtained 2017 FQHC street addresses from
the Health Resources and Services Administration data warehouse (Health Resources &
Services Administration, n.d.). To represent the potential of methadone administration
within one national pharmacy chain, we obtained street addresses for all Walmart
pharmacies via Walmart’s online Store Finder service (Walmart, n.d.). Latitude and
longitude coordinates of the population weighted center of each zip code were obtained from
Zipcode.org (accessed May 22, 2020) which uses data from the United States Postal Service
and United States Census Bureau (“ZipCode.org - Zip Codes for USA,” n.d.). The
Institutional Review Board of Yale University approved this study.
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2.2 Study population

We included all Ohio zip codes with opioid overdose deaths in 2017. We included all OTPs
identified as providing methadone maintenance for OUD within the SAMHSA treatment
locator, non-school based FQHCs, and Walmart pharmacies within the state of Ohio. OTP
and FQHC street addresses were geocoded using Esri ArcGIS online geocoding service via a
three-step process described previously (Joudrey et al., 2020, 2019). Street addresses
matched to the center of a polygon (i.e. center of municipality) with a tied highest match
score or a match score less than 80 were hand reviewed using Google Maps. Pharmacy
locations were geocoded using Bing maps API and were hand reviewed using Google Maps.
We excluded OTPs, FQHCs, and pharmacies when the location could not be confirmed.

2.3 Study Variables

We stratified zip codes based on their Rural-Urban Commuting Area (RUCA) codes into a
four level urban-rural classification scheme: urban (codes 1), suburban (codes 2 to 3), large
rural (codes 4 to 6), and small rural (codes 7 to 10) (Hailu and Wasserman, 2016). For each
zip code, we generated a count of 2017 opioid overdose deaths.

Our primary outcome was the proportion of OUD treatment need (using opioid overdose
deaths as a proxy) aggregated by zip code within a 15-minute drive time of a methadone
treatment facility, namely an OTP, FQHC, or pharmacy. We determined this percentage
using a maximal multiple coverage location problem (Appendix 1), which maximizes the
coverage of need for services among a fixed number of facilities based on geographic
proximity (Masog, 1981). Maximal coverage models have been previously used for applied
public service problems, such as emergency medical or fire services but as of yet have not
been applied to OTP services (Murray, 2016). Within our coverage model, the amount of
need in each zip code was approximated by the total count of opioid overdose deaths. We
chose opioid overdose deaths to represent need for two reasons: 1) it is a widely used
measure of OUD related harm and 2) opioid overdose deaths represent the highest priority
outcome for intervention and therefore its advantageous to prioritize treatment service
locations around overdose deaths. In our primary analysis, OUD treatment need was covered
if the nearest methadone facility was within a 15-minute drive time of the population
weighted center point of the zip code. We selected a 15-minute drive time for our primary
analysis given prior studies demonstrated reduced methadone treatment retention at short
travel times and distances (Amiri et al., 2020, 2018; Friedmann et al., 2001; Greenfield et
al., 1996; Schmitt et al., 2003). We calculated drive time using Bing Map Distance Matrix
API (Microsoft, 2020), which calculates drive time by simulating automobile movement
based on historical trip averages. We applied our coverage model to three conditions. First,
coverage by existing services was calculated as the portion of OUD treatment need covered
by OTP facilities. Second, to represent the potential of FQHC administration in accordance
with Ohio’s new policy, we calculated the combined coverage of OTP and FQHC facilities.
Finally, to represent the added potential of a chain pharmacy administration, we calculated
the combined coverage of OTP, FQHC, and Walmart pharmacies.

As a secondary outcome, we counted the facilities used to deliver services in the coverage
model. A facility was utilized if it was the closest within the coverage area. Coverage by

Drug Alcohol Depend. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

lloglu et al.

Page 5

OTPs was prioritized over coverage by FQHCs or pharmacies so that only zip codes outside
of OTP service coverage were assigned to the nearest FQHC or pharmacy. To represent
coverage for patients with greater ability to travel, we repeated our coverage models using a
30-minute drive time threshold. Additionally, because there may be OUD treatment need
even in zip codes without an overdose death, we examined coverage of all zip codes by
repeating our analysis while assigning one overdose death to each zip code with no overdose
deaths.

2.4 Statistical Analysis

First, by RUCA urban-rural strata, we compared a count of zip codes and a count of the
number of overdose deaths using a chi-square test. We then used a chi-square test to
compare the portion of OUD treatment need covered by the three methadone treatment
availability conditions (OTPs only, OTPs and FQHCs, and OTPs, FQHCs, and pharmacies)
among all zip codes and across each urban-rural strata. We completed a sensitivity analysis
to examine the impact of using alternative data to represent OUD treatment need. We
repeated our analysis using 2017 Ohio emergency medical services overdose call locations
by zip code obtained from the Ohio Department of Public Safety’s Division of Emergency
Medical Services (Ohio Emergency Medical Services, n.d.). Among all 2017 emergency
medical service calls in the state of Ohio, we included 24333 calls with overdose only as the
call impression. These overdose calls were in 615 Ohio zip codes. All hypothesis tests were
two-sided with an alpha 0.05. We completed our analyses in Python 3.6.

3. RESULTS

3.1 Zip codes and treatment facilities

There were 4183 opioid overdose deaths with an associated zip code in 2017, of which 535
(13%) were within rural (large or small rural) zip codes. We excluded 115 overdose deaths
without an associated zip code. Of the 1447 zip codes in Ohio, we excluded 859 with zero
overdose deaths. Among included zip codes (n = 581), 144 (25%) were classified rural
(Figure 1). Of the 22 OTP, 267 FQHCs, 145 pharmacy addresses, all were successfully
geocoded.

3.2 Proportion of overdose deaths covered

Among all zip codes with at least one opioid overdose death, 64% (n = 2684) of OUD
treatment need was within a 15-minute drive time of an OTP and 81% (n = 3420) was within
a 30-minute drive time (Table 1). The proportion of OUD treatment need within a 15-minute
drive time increased with the addition of FQHCs facilities to 96% (n = 4001) and with the
addition FQHCs and pharmacy facilities to 99% (n = 4153) relative to coverage by OTPs
alone among all zip codes (Figure 2) and for all RUCA urban-rural strata (o < .001) (Table
2). All OUD treatment need was covered within a 30-minute drive time by OTPs and
FQHCs combined (Figure 3).

The portion of OUD treatment need covered by OTPs within a 15-minute drive time
decreased with increasing rural zip code classification [urban 78% (n = 2617), suburban
20% (n = 57), large rural 9% (n = 2), small rural 1% (n = 1); p< .001]. Coverage of
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treatment need within a 15-minute drive time by OTPs and FQHCs combined and OTPs,
FQHCs, and pharmacies combined also decreased with increasing rural zip code
classification (p < .001) (Table 2). Coverage of OUD treatment need within a 30-minute
drive time by OTPs decreased with increasing rural zip code classification (p. < 001), but
coverage by OTPs and FQHCs and OTPs, FQHCs, and pharmacies did not vary by urban-
rural classification given all treatment need was within the 30-minute coverage area (Table
2). Among non-urban zip codes, FQHC methadone administration extended 15-minute
coverage to an additional 623 (76%) overdose deaths. Among urban zip codes, FQHC
methadone administration extended 15-minute coverage to an additional 794 (21%)
overdose deaths.

Within our 15-minute coverage model, all OTPs were used to deliver services to zip codes
experiencing opioid overdose deaths (Table 1, Appendix Figure 1, and Appendix Figure 2).
The addition of FQHCs to the coverage model resulted in the utilization of 82 (31%) FQHCs
for methadone treatment and the addition of FQHCs and pharmacies resulted in the
utilization of 47 (18%) FQHCs and 45 (31%) pharmacies for methadone treatment.

Inclusion of all zip codes demonstrated 44% of Ohio zip codes were within a 15-minute
drive time of an OTP, including 70% of urban and 5% of non-urban (suburban, large rural,
and small rural) zip codes. (Appendix Table 1 and Appendix Figure 3)

In our sensitivity analysis, using emergency medical service overdose data to represent OUD
treatment need did not change coverage comparisons across facility conditions and RUCA
urban-rural strata (Appendix Table 2, Appendix Figure 4, and Appendix Figure 5). The
portion of overdose deaths and overdose calls covered were similar among all zip codes and
across RUCA urban-rural strata.

4. DISCUSSION

In this cross-sectional geospatial analysis from 581 zip codes within the state of Ohio, over
one-third of OUD treatment need, represented by opioid overdose deaths, was not within a
15-minute drive time of OTP services. Coverage of OUD treatment need decreased with
increasing rural classification so that the majority of non-urban (suburban, large rural, and
small rural) opioid overdose deaths were outside of a 15-minute drive time to an OTP. OTP
service coverage of OUD treatment need was so limited that nearly 20% opioid overdose
deaths were within zip codes outside of our less conservative 30-minute coverage model.
Most of this gap between supply and need for methadone treatment would be mitigated if
recent changes in Ohio methadone policy resulted in broad adoption of FQHC methadone
administration. Our coverage model indicates that the addition of administration at a chain
pharmacy on top of OTP and FQHC methadone provision only resulted in a modest
expansion in coverage of OUD treatment need, but pharmacies or other facilities may be
required to ensure all people, including those with limited transportation options or in the
most rural communities, have reasonable access to methadone as recommended by the
National Academy of Sciences (Leshner and Mancher, 2019).

These results are consistent with previous evidence of a shortage of OTP facilities and of
disproportionately long drive times to the nearest OTP in rural communities relative to urban
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communities (Abraham et al., 2018; Joudrey et al., 2019, 2020; Kleinman, 2020). By
overlaying OUD treatment need and supply of methadone, these results demonstrate the
extent to which this shortage in supply results in a gap in “coverage” of methadone. Previous
research suggested adoption of methadone provision among FQHCSs or pharmacies,
consistent with methadone provision in Canada, Australia, and the United Kingdom, could
reduce the urban-rural disparity in drive times to methadone facilities in the United States
(Joudrey et al., 2019, 2020; Kleinman, 2020). These results suggest if Ohio’s recent
methadone policy resulted in universal adoption of methadone administration within
FQHCs, then methadone services would cover zip codes containing over 96% of the opioid
overdose deaths. States like Ohio could prioritize implementation of FQHC methadone
administration to expand methadone treatment access to most communities experiencing
opioid overdoses. However, states utilizing FQHCs for methadone expansion may still need
to identify additional options for local administration, such as pharmacies or mobile
medication units, especially if not all FQHCs implement methadone administration.

These results expand upon previous research demonstrating the county density of OTPs and
buprenorphine waivered providers were poorly matched to county rates of opioid overdose
deaths in the United States (Haffajee et al., 2019; Jones et al., 2018). We address limitations
of prior studies, specifically the size and heterogeneity of counties as a geographic unit of
analysis and find evidence of a gap in OTP coverage of opioid overdose deaths in Ohio using
the zip code as the geographic unit. Further, our drive time analyses are informed by road
network data and historical trip averages as a measure of geographic access as compared to
the density OTPs within counties (Haffajee et al., 2019). Previous national examinations of
OTP supply and county opioid overdose deaths suggests states within the census bureau
divisions of the East North Central (Midwest), Mountain, and South Atlantic may contain a
similar or greater gap in methadone treatment supply and need and this should be the focus
of further research (Haffajee et al., 2019; Kleinman, 2020).

By examining both supply and need for methadone treatment, these results suggest policies,
like Ohio’s, will improve methadone access in both urban and rural communities
experiencing opioid overdose deaths. Despite a 71% increase in the portion of opioid
overdose deaths covered in non-urban zip codes, there was a greater absolute increase in the
number of opioid overdose death covered in urban settings with FQHC methadone
administration. This suggests policymakers should not overlook the benefit of methadone
facility expansion in urban communities given the greater density of OUD treatment need.
Patients in urban communities may also walk or ride a bus to an OTP, creating the need for a
higher methadone facility density relative to rural communities to reduce travel burden.
Further research is needed on how mode of transportation may impact access to methadone.
The results also suggest opportunities for targeted facility expansion as gains in access
required methadone administration in less than one-third of FQHCs. Opening additional
methadone administration facilities may also provide alternatives to facilities with wait lists
and this should be the focus of future research.

Implementation barriers such as cost, lack of knowledge, and stigma of methadone treatment
may prevent broad adoption of methadone administration among Ohio FQHCs and blunt the
impact of Ohio’s policy (McGinty et al., 2020; Tuchman, 2008). These results suggest states
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like Ohio will need to take additional actions if methadone treatment services are to reach all
communities experiencing opioid overdose deaths. Methadone administration adoption by
FQHCs may take place slowly, following a similar trajectory as DATA 2000 waiver adoption
(Mojtabai et al., 2019). Implementation interventions will need to be developed and tested to
support adoption. Our study focused on FQHCs not just because of the Ohio medication unit
policy, but also because FQHCs are positioned to lead adoption. Characteristics of FQHCs
which may support adoption include: the frequent co-location of pharmacies within FQHCs
providing additional clinical space and expertise for methadone administration, an existing
addiction workforce within FQHCs in the form of DATA 2000 waivered health
professionals, and the FQHC mandate to serve underresourced or marginalized communities
where people with OUD are overrepresented (Rodis et al., 2019). Methadone administration
within FQHCs does not necessarily require additional staff as either nursing or pharmacy
professionals can fill this role (42 CFR 8.12 - Federal opioid treatment standards.,” n.d.).
However, novel training programs will need to be developed to facilitate adoption among
these health professionals. Per federal regulations, medication units do not provide
counseling as this service is provided by the central OTP (“42 CFR 8.12 - Federal opioid
treatment standards.,” n.d.).

Because some stakeholders may be concerned about diversion of methadone for OUD with
the adoption of medication units within the United States, monitoring for diversion should
be a part of programing and research. There are reasons to believe methadone administration
within FQHCs and pharmacies are unlikely to change diversion rates. Because medication
units must still provide observed methadone administration just like an OTP, they do not
represent a change in medication administration procedures. In prior decades, the United
States experienced a rise in methadone-related overdose deaths, but subsequent research
demonstrated these events were associated with methadone prescribing for pain rather than
methadone prescribing for OUD (Faul et al., 2017; Kuehn, 2012). Methadone for pain
remains available within community pharmacies across the U.S.

Here we present data examining adoption of methadone administration within a chain
pharmacy, but other options exist. A Drug Enforcement Agency proposal would allow states
to operate new mobile methadone administration units in affiliation with a central OTP
(McBournie et al., 2019). The utilization of FQHCs, pharmacies, and mobile services as
methadone administration units does not change federal statutes requiring in-person
evaluation at a central OTP prior to methadone initiation and (SAMHSA, 2020) has not
modified this requirement in the context of the coronavirus disease 2019 (COVID)
pandemic. Therefore, long drive times to OTPs may still prevent patient engagement,
especially in rural communities, even with medication unit policies like Ohio’s. Finally,
concerns about patient congregation at OTPs during COVID lead SAMHSA to increase
allowances of take-home doses (SAMHSA, 2020); future research should examine how
expansion of take-home doses may modify the travel burden and treatment outcomes
associated with methadone.

Drug Alcohol Depend. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

lloglu et al. Page 9

4.1 Limitations

This study has several limitations. These results likely overestimate the coverage of
methadone treatment services, as we do not account for the travel impedance from public
transportation, traffic, weather, or construction. Additionally, not all OTPs may be accepting
new methadone patients. Informed by federal methadone statutes and previous research, we
present the supply of methadone treatment at a 15- and 30-minute drive, but further research
on the relationship between drive time and individual level methadone treatment outcomes is
needed to further specify the current gap in treatment. Opioid overdose deaths were
aggregated to the level of zip code and our results should not be used for predictions of
individual patient coverage. There may be year to year variation in the location of opioid
overdose deaths and the location of overdose events will evolve over time. Opioid overdose
deaths may underestimate treatment need in some zip codes. These results for the state of
Ohio may not generalize to states with a higher density of OTPs such as states in the
northeastern US. While our use of alternative data (EMS calls) to represent OUD treatment
need was consistent with our primary analysis, the geography of OUD prevalence may differ
from the geography of opioid overdose deaths or calls.

5. CONCLUSIONS

Over one-third of OUD treatment need in Ohio was not covered by existing OTPs, and the
portion of need covered decreased with increasing rural zip code classification. Most of this
gap between the supply and need for treatment could be mitigated if Ohio’s policy resulted
in broad adoption of FQHC administration, expanding access in both urban and rural
communities. However, states like Ohio may require additional methadone administration
facilities for universal coverage in the most rural communities or in the setting of incomplete
FQHC adoption.
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HIGHLIGHTS
. Cross-sectional geospatial analysis of Ohio zip codes
. Over one-third of opioid use disorder treatment need was not covered

. The gap between supply and need could be mitigated with FQHC methadone
provision
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(d) Rural-Urban map of Ohio

Figure 1: Locations of opioid treatment programs, federally qualified health centers, and
Walmart pharmacies, and Ohio zip codes by urban-rural classification

astratified zip codes based on their Rural-Urban Commuting Area (RUCA) codes into a four-
level urban-rural classification scheme: urban (codes 1), suburban (codes 2 to 3), large rural

(codes 4 to 6), and small rural (codes 7 to 10)
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B Covered
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Figure 2:
Zip code opioid use disorder treatment need (represented by opioid overdose deaths) within

a 15-minute drive time of a methadone treatment facility in 2017
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o) OTP Coverage b) OTP and FQHC Coverage ) OTP, FQHC and Walmart Coverage

Figure 3: Zip code opioid use disorder treatment need (represented by opioid overdose deaths)
within a 30-minute drive time of a methadone treatment facility in 2017

OD: Overdose, OTP: Opioid Treatment Program, FQHC: Federally Qualified Health Centers
Covered zip codes had the population weighted center point within a 15- or 30- minute drive
time of a methadone treatment facility determined using a maximal multiple coverage
location problem, which maximizes the coverage of need for services among a fixed number
of facilities based on geographic proximity. No need zip codes contained no opioid overdose
deaths in 2017
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