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The objective of this initiative was to conduct a comprehensive opioid overdose vulnerability assessment in
Indiana and evaluate spatial accessibility to opioid use disorder treatment, harm reduction services, and opioid
response programs. We compiled 2017 county-level (n = 92) data on opioid-related and socioeconomic in-
dicators from publicly available state and federal sources. First, we assessed the spatial distribution of opioid-
related indicators in a geographic information system (GIS). Next, we used a novel regression-weighted
ranking approach with mean standardized covariates and an opioid-involved overdose mortality outcome to
calculate county-level vulnerability scores. Finally, we examined accessibility to opioid use disorder treatment
services and opioid response programs at the census tract-level (n = 1511) using two-step floating catchment
area analysis. Opioid-related emergency department visit rate, opioid-related arrest rate, chronic hepatitis C
virus infection rate, opioid prescription rate, unemployment rate, and percent of female-led households were
independently and positively associated with opioid-involved overdose mortality (p < 0.05). We identified high-
risk counties across the rural-urban continuum and primarily in east central Indiana. We found that only one of
the 19 most vulnerable counties was in the top quintile for treatment services and had naloxone provider
accessibility in all of its census tracts. Findings from our vulnerability assessment provide local-level context and
evidence to support and inform future public health policies and targeted interventions in Indiana in areas with
high opioid overdose vulnerability and low service accessibility. Our approach can be replicated in other state
and local public health jurisdictions to assess opioid-involved public health vulnerabilities.

Handel et al.’s national HCV and HIV vulnerability assessment identified
10 counties in Indiana among the most at-risk to outbreaks linked to

1. Background

With 1246 opioid overdose deaths in 2019 (18.5 deaths per 100,000
population), Indiana’s opioid-involved overdose mortality level con-
tinues to increase. (Indiana Department of Health, 2021) In Marion
County, Indiana, the rise in overdoses involving fentanyl is linked to the
rapid increase of opioid-involved overdose rates among younger, male,
and Black populations. (Phalen et al., 2018) This led to opioid-involved
overdose mortality rates among Blacks surpassing those of Whites dur-
ing 2018. (Furr-Holden et al., 2021) Scott County, Indiana, was at the
epicenter of an HIV outbreak in 2014-2015 linked to injection of pre-
scription opioids. (Conrad et al., 2015) Following this outbreak, Van

injection drug use. (Van Handel et al., 2016) Inspired by this national
assessment, a 2016 state-level Indiana Department of Health-led HCV
vulnerability assessment identified 15 additional at-risk counties. (Box
et al., 2017) In light of the escalation of the opioid crisis during the
coronavirus pandemic, (Grinspoon, 2020; Slavova et al., 2020; Sutfim,
2020) including within Marion County, Indiana (Indianapolis), (Glober
etal., 2020) it is essential to understand where opioid-involved overdose
vulnerabilities are greatest, both to leverage resources effectively and to
inform the development of targeted local responses and statewide pol-
icies. Identification of vulnerable areas can be used to enhance access to
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medication for opioid use disorder (MOUD), expand and sustain harm
reduction programming, and bolster overdose education and naloxone
distribution programs.

The goal of this opioid overdose vulnerability assessment was to
highlight the local communities in Indiana at greatest risk of fatal opioid
overdose and other adverse opioid-related outcomes. To the best of our
knowledge, there has not been a prior published statewide community-
level assessment of opioid-involved overdose vulnerability in Indiana.
Our team, comprised of academic researchers, Indiana public health
experts, and staff from the Centers for Disease Control and Prevention
(CDC) and the Council of State and Territorial Epidemiologists (CSTE),
worked collaboratively to conduct an opioid-involved overdose
vulnerability assessment utilizing publicly available data. We employed
a multifaceted approach using statistical modeling, geographic infor-
mation systems (GIS), and novel spatial accessibility measures to iden-
tify areas that are at-risk of opioid-related harm and highlight areas that
need additional resources to address the opioid overdose crisis.

2. Methods

Our methodological approach was adapted from the 2016 Van
Handel et al. nationwide vulnerability assessment for injection-related
HIV and HCV infections as well as from other opioid and HCV vulner-
ability assessment frameworks. (Van Handel et al., 2016; Missouri
Department of Health and Senior Services, 2020; Sharareh et al., 2020;
Rickles et al., 2018) For our assessment, we identified indicators asso-
ciated with the primary outcome of interest, opioid-involved overdose
mortality, at the county-level (n = 92) in Indiana. We also carried out
accessibility analyses to quantify census tract-level availability of drug
treatment and overdose prevention and response resources across the
state. Our assessment was reviewed by the Tufts University Health Sci-
ences Institutional Review Board and was determined to be non-human
subjects research.

2.1. Data sources

Together with the Indiana Department of Health, we compiled
county-level surveillance data, relevant to the opioid crisis, from state
and federal data systems for the year 2017. Opioid-related event data
included opioid-involved overdose deaths, opioid-related emergency
department visits, and chronic HCV cases from the online Indiana
Department of Health public health statistics data portal. (Indiana
Department of Health, 2021) We retrieved opioid-related arrest data
from the Indiana Laboratory Information Management System (IN.gov
Management Performance Hub, 2018) and obtained opioid prescription
rate data from online CDC county-level retail opioid prescription maps
displaying data from the IQVIA Xponent database. (Centers for Disease
Control and Prevention, 2017) To assess county-level opioid use disor-
der (OUD) treatment and harm reduction access, we collected address-
level 2020 Indiana services data from the Indiana Department of
Health and from the Substance Abuse and Mental Health Services
Administration (SAMHSA) treatment locator. (Substance Abuse and
Mental Health Services Administration, 2021) To measure accessibility
to opioid response programs (ORP), we leveraged an existing shapefile
on 2018 naloxone providers from the Indiana Department of Health.
(Indiana Department of Health, 2018) We compiled community-level
demographic and social determinants of health indicators, at the
county-level, from the Census Bureau’s American Community Survey
(ACS). (Census, 2018) For all compiled ACS indicators, we used county-
level 5-year estimates for the years 2013 to 2017. To leverage a rural-
—urban classification system designed specifically for Indiana, we
applied the Purdue University Indiana County Classification System.
(Ayres et al., 2013)
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2.2. Indicators

Core Indicators. Based on previous vulnerability assessments and
subject matter expertise, (Van Handel et al., 2016; Rickles et al., 2018)
we included core indicators found to be strongly associated with opioid-
involved overdose mortality rates: opioid-related emergency depart-
ment visits (non-fatal emergency department visits involving any opioid
overdose per 100,000 population), opioid-related arrests (arrests with
laboratory-confirmed opioids per 100,000 population), chronic HCV
cases (confirmed and probable cases of chronic HCV per 100,000 pop-
ulation), opioid prescriptions (number of retail opioid prescriptions per
100,000 population), and median income (based on the income distri-
bution of all households in the county, including those with no income).
Opioid-involved overdose mortality (deaths from drug poisoning
involving any opioid) was used as the core outcome indicator.

Covariates. To assess and control for county-level demographic and
socioeconomic measures, we assessed: percentage of the population that
was non-Hispanic White, non-Hispanic Black or African American, and
Hispanic or Latino; percentage of households that are female-led, mar-
ried-couple, rented, and crowded (households with occupancy of more
than one person per room), with vehicle access, and with Internet sub-
scriptions; percent of residents with a disability, with health insurance,
and below the 100% Federal Poverty Level, unemployment rate;
educational attainment rate; teen birth rate; and the Gini index. We
created a services coverage proxy covariate, calculated as the number of
OUD services per 100,000 population. OUD services included syringe
services programs (SSPs), sometimes known as needle exchange pro-
grams, and service locations offering MOUD, as well as OUD therapy and
counselling services. Due to shifting trends in rural versus urban drug
overdose rates and other vulnerability assessments related to the opioid
crisis identifying urbanicity and rurality as risk factors, we included a
rural-urban covariate. (Mack et al., 2017; Batdorf, 2020; Short et al.,
2020) This classification system splits counties into rural, rural/mixed,
and urban categories by population density, size of largest city or town,
and a subjective indicator (county identity). (Ayres et al., 2013)

2.3. Analyses

GIS Mapping and Spatial Analyses. After compiling all county-level
outcome and covariate data, we joined the tabular data to an Indiana
county boundary shapefile in a GIS and developed thematic maps to
assess the initial spatial distributions of all core indicators and cova-
riates. We geocoded and mapped all address-level OUD and ORP ser-
vices data and used service locations and county-level population data
for subsequent geostatistical analyses to assess access to services,
described in detail below. We used ArcGIS 10.7.1 (ESRI, Redlands, CA)
for all GIS mapping and spatial analyses.

Services Accessibility Analysis. To assess the spatial distribution and
accessibility of OUD services in Indiana in relation to opioid-involved
overdose vulnerability, we first assessed the spatial distribution of
OUD services including MOUD treatment services, SSPs, OUD therapy
and counselling, and ORP naloxone providers in relation to identified
vulnerable counties (Appendix 1). Then, we used a two-step floating
catchment area (2SFCA) method to calculate accessibility to OUD ser-
vice providers and ORPs. (Luo and Wang, 2003; Wang and Luo, 2005)
The 2SFCA method is an extension of the provider-to-population ratio in
which supply, the number of providers, is assessed over demand at the
population level. In the first step, we calculated the provider-to-
population ratio for all providers where the denominator was popula-
tion centers within a specific drive-time threshold distance from the
provider location. In the second step, we summed the provider-to-
population ratios of all the providers within the threshold distance
limit from a population weighted centroid. The model can be expressed
mathematically as:
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Table 1
Factors associated with opioid-involved overdose vulnerability rankings in Indiana counties (n = 92).
Variable Variable Source Mean Std. Dev. Min Max B p-value
Type

Opioid-involved Core IDOH Stats Explorer https://gis.in.gov/apps/isdh 8.80 1631 0 77.10
overdose Outcome /Meta/Stats_Layers.htm, 2017
deaths per
100,000
population

Opioid-related Core IDOH Stats Explorer 100.80 8258 0 391.50 0.49  <0.0001
emergency Indicator https://gis.in.gov/apps/isdh/Meta/Stats_Layers.htm, 2017
department
visits per
100,000
population

Opioid-related Core Indiana Laboratory Information Management System https://hub. 53.54 56.24 0 262.79 0.34  <0.0001
arrests per Indicator mph.in.
100,000 gov/dataset/drug-submissions-to-indiana-state-police-laboratories,
population 2017

Opioid Core CDC Opioid Prescribing Rate Maps 72962.6 24037.7 3600.0 124400.0 0.32 0.0008
prescriptions Indicator https://www.cdc.gov/drugoverdose/maps/rxrate-maps.html, 2017
per 100,000
population

Chronic Core IDOH Stats Explorer 147.0 130.1 0 1060.0 0.32 0.0031
hepatitis C Indicator https://gis.in.gov/apps/isdh/Meta/Stats_Layers.htm, 2017
cases per
100,000
population

Percentage of Covariate ACS, 2017 5-year estimates, 2013-2017 10.3 2.0 6.1 16.7 0.31 0.0001
female-led
households

Unemployment Covariate ACS, 2017 5-year estimates, 2013-2017 5.45 1.34 2.90 8.50 0.29 0.0008
rate

Gini Index (a Covariate ACS, 2017 5-year estimates, 2013-2017 0.42 0.03 0.34 0.51 0.16 0.0608
measure of
inequality)

Percentage of Covariate ~ ACS, 2017 5-year estimates, 2013-2017 12.4 4.2 3.8 36.7 0.15 0.1476
the population
above 25 years
of age without
a high school
diploma

Percentage of Covariate ACS, 2017 5-year estimates, 2013-2017 15.2 2.6 7.7 20.8 0.12 0.1542
the population
with disability

Percentage of Covariate ACS, 2017 5-year estimates, 2013-2017 2.7 4.4 0.07 27.4 0.12 0.1266
the population
that is non-
Hispanic Black

Median income Core ACS, 2017 5-year estimates, 2013-2017 27043.5 3517.9 20728.0 43758.0 -0.14 0.0612
(United States Indicator
Dollar)

Opioid use Covariate ~ IDOH Public Health Geographics https://gis.in.gov/apps/isdh 5.2 3.3 0 16.9 —0.16 0.0568
disorder /meta/resources_layers.htm, 2020
services per SAMHSA treatment locator https://findtreatment.samhsa.gov/locato
100,000 r, 2020
population

Percentage of Covariate ACS, 2017 5-year estimates, 2013-2017 72.3 6.3 54.8 92.5 -0.16 0.0532

the population
with Internet
access

The Abbreviations: f: Beta coefficients from bivariate negative binomial regression model with opioid-involved overdose deaths as the outcome, standardized in-
dicators and covariates as predictors, and log of the population as an offset. IDOH: Indiana Department of Health. CDC: Centers for Disease Control and Prevention.

SAMHSA: Substance Abuse and Mental Health Services Administration.
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where, S; is the number of providers at location j; d is the drive-time
between the provider and the population weighted centroid; Py is the
population of location k, where the population weighted centroid of the
census tract falls within the threshold distance; D is the threshold dis-
tance for the search radius; and A; is the accessibility score at location i.

For this assessment, we calculated the accessibility to OUD treatment
providers and ORPs using the 2SFCA method. We used a geocoded list of

OUD treatment services including MOUD, OUD therapy, and OUD
counselling services in Indiana compiled from the Indiana Department
of Health and SAMHSA as the providers and census tracts as the unit of
analysis. To measure accessibility to ORPs, we leveraged an existing list
of geocoded naloxone providers available from the Indiana Department
of Health. To calculate the accessibility index, we utilized the University
of South Wales Floating Catchment Area 2 (USW-FCA2), a freely avail-
able ArcGIS add-in tool developed by Langford et al. (Langford et al.,
2015)

Statistical Analyses. We examined measures of central tendency as
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well as maximum and minimum values for all indicators. For this
vulnerability assessment, we calculated opioid-involved overdose
vulnerability scores based on a regression-weighted quintile ranking
approach. We constructed bivariate negative binomial regression
models with counts of opioid-involved overdose deaths as the outcome,
standardized core-indicators and covariates as predictors, and the log of
county population as an offset. (Sharareh et al., 2020) Prior to regression
modelling, we standardized all indicators and covariates to a mean of
zero and a standard deviation of one. We assessed associations between
opioid overdose deaths and 18 covariates for inclusion in the final
weighted vulnerability scoring. All five core indicators were selected a
priori. We selected covariates that were significant at a p < 0.2 level in
the bivariate models for consideration for use in the final vulnerability
assessment scores, a commonly utilized criterion for selecting cova-
riates. (Maldonado and Greenland, 1993) For model diagnostics (not for
the estimation of vulnerability scores), we created a linear multivariable
regression model. We assessed multicollinearity among the 11 selected
covariates and the five core indicators by calculating tolerance and
variance inflation factors (VIFs). Indicators with a tolerance < 0.2 and a
VIF > 10 were removed. Among collinear covariates, we elected to keep
those with higher tolerance values. Due to significant collinearity, we
dropped three covariates (married-couple household percent, renter
household percent, and percent of population in poverty).

After finalizing the selection of indicators, we calculated quintile
ranks for each of the core indicators and remaining covariates. We
weighted these quintile ranks by the variable’s standardized bivariate
regression coefficient and calculated the vulnerability score by summing
the weighted quintile ranks via the following function:

Vulnerability Score = X, + -+ + ,X,

where, $ is the standardized regression coefficient from the bivariate
negative binominal regression models and X is the indicator or cova-
riate’s quintile rank, ranging from 1 to 5. Counties with higher vulner-
ability scores were more vulnerable to opioid-involved overdose
mortality. We also conducted a sensitivity analysis using a multivariable
negative binomial regression model to check the robustness of our
models. We conducted the statistical analyses using SAS 9.4 (Cary, North
Carolina) and Stata 16 (College Station, Texas).

3. Results

Using descriptive GIS mapping, we identified high rates of opioid-
involved overdose mortality, opioid-related emergency department
visits, and opioid-related arrests in east central Indiana. In comparison,
southwest Indiana had relatively low levels for all three variables, with
the exception of Vanderburgh County. The urban centers of Indianapolis
in Marion County and Lake County (including Gary and East Chicago)
accounted for 30% of all opioid overdose deaths in 2017.

We identified eight covariates based on the significance level of p <
0.2 for inclusion in our vulnerability score calculations. These covariates
were percentage of female-led households (p = 0.31), unemployment
rate (B = 0.29), Gini index (§ = 0.16), percentage of the population
above 25 years of age without a high-school diploma (§ = 0.15), per-
centage of the population with a disability (§ = 0.12), percentage of the
population that was non-Hispanic Black (f = 0.12), OUD services per
capita (f = —0.16), and percentage of the population with Internet ac-
cess (f = —0.16). Both OUD services per capita and percentage of the
population with Internet access were found to be protective covariates.
Additionally, all core indicators identified a priori met the significance
level threshold of p < 0.2: opioid-related emergency department visit
rate (B = 0.49), opioid-related arrest rate (p = 0.34), opioid prescription
rate (p = 0.32), chronic HCV rate (p = 0.32), and median income ( =
—0.14) (Table 1).

Through our county-level opioid-involved overdose vulnerability
rankings, we identified 19 counties to be the most vulnerable, of which
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Fig. 1. Opioid-involved overdose vulnerability rankings split into quintiles,
with the top quintile being the top 19 most vulnerable counties in the state of
Indiana as identified in this vulnerability assessment.

10 are located in east central Indiana, four are located in northwest
Indiana, four are located in southern Indiana, and one is located in
southwest Indiana. Scott County, the previous epicenter of the
2014-2015 HIV outbreak, is included among the most vulnerable
counties. Counties with the highest population densities were commonly
among the most vulnerable, including: Marion, Lake, and Vanderburgh.
Southwest and northeast Indiana counties had relatively low vulnera-
bility levels, with the exception of the highly populated counties of
Vanderburgh and Allen (Fig. 1, Table 2). Among the highest quintile of
identified vulnerability, opioid-involved mortality rates ranged from 7.8
per 100,000 in Delaware County to 76.2 per 100,000 in Wayne County
with an average of 32.7, while counts ranged from 2 in Blackford County
to 232 in Marion County with an average of 38.2. In the lowest quintile
of vulnerability, rates ranged from 0 to 16.9 in Ohio County with an
average of 4.1, while counts ranged from 0 to 5 in Warrick County with
an average of 1.1 (Table 2). Following the Purdue University rural-
—urban classification scheme, we found eight urban, six rural/mixed,
and five rural counties within the most vulnerable category (Appendix
2). Urban counties contained 57% (172 out of 303) of identified OUD
services. Rural counties contained 14%, while rural/mixed counties
contained 29%.

From analysis of the spatial accessibility indices, derived from the
2SFCA method, we found that only two of the 19 most vulnerable
counties ranked high on the OUD treatment services accessibility index,
with all census tracts within the top quintile for highest provider to
population ratios in a 30-minute drive-time catchment area (Fig. 2.A).
Similarly, only one of the 19 most vulnerable counties ranks high on
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Table 2

Overall opioid-involved overdose vulnerability quintiles for all Indiana
counties Overall opioid-involved overdose vulnerability is displayed by quintile
for all 92 Indiana counties. The first quintile represents the most vulnerable
counties, while the fifth quintile represents the least vulnerable counties.
Counties in each quintile are listed alphabetically. The range and average
opioid-involved overdose mortality rates per 100,000 and opioid-involved
overdose mortality counts are included for each quintile.

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Rate: Rate: Rate 0-31.96 Rate: Rate:
7.76-76.15 4.64-34.54 (11.59) 0-27.68 0-16.92
(32.68) Count: (17.09) Count: Count: 0-24 (11.92) (4.12)
2-232 (38.16) 2-43 (13.89) (4.67) Count: Count: 0-5
0-37 (1.11)
(4.61)
Blackford Allen Adams Benton Carroll
Clark Bartholomew Clinton Boone Clay
Delaware Dearborn Crawford Brown DeKalb
Fayette Elkhart Daviess Cass Dubois
Floyd Henry Fountain Decatur Gibson
Grant Jackson Hancock Franklin Huntington
Howard Jennings Harrison Fulton LaGrange
Jay Kosciusko Hendricks Greene Noble
Lake Marshall Jefferson Hamilton Ohio
LaPorte Miami Johnson Jasper Pike
Madison Monroe Knox Martin Posey
Marion Montgomery Lawrence Newton Spencer
Randolph Morgan Owen Orange Steuben
Scott Porter Pulaski Parke Tipton
St. Joseph Ripley Rush Perry Warren
Starke Shelby Sullivan Putnam Warrick
Vanderburgh Tippecanoe Switzerland Union Wells
Washington Vigo Vermillion White Whitley
Wayne Wabash

accessibility to naloxone providers with all census tracts within the top
quintile (Fig. 2.B). Fifteen of the 19 most vulnerable counties ranked had
at least one census tract that ranked in the lowest quintile of OUD
treatment services accessibility index, and 14 of the 19 most vulnerable
counties had at least one census tract that ranked in the lowest quintile
of naloxone provider accessibility.

OUD services access

Lower accessibilty scores

1
.
|

Higher accessibility scores
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4. Discussion

To better understand opioid-involved overdose vulnerabilities in
Indiana, we used publicly available data in a novel regression-weighted
quintile rank statistical approach to assess vulnerability and two 2SFCAs
to assess OUD treatment services and naloxone provider accessibility.
Our vulnerability assessment identified counties at-risk for elevated
opioid-involved overdose mortality in Indiana. Among these vulnerable
counties, 2SFCA analyses highlighted OUD treatment service and
naloxone provider access disparities at the census tract-level and com-
munities that could benefit from targeted interventions. In addition to
the preselected five core indicators, we identified and selected eight
additional covariates, which were independently and significantly
associated (p < 0.2) with county-level opioid-involved overdose mor-
tality in Indiana.

When compared to the 2016 national CDC and the 2016 state-level
Indiana Department of Health-led HIV and HCV outbreak vulnera-
bility assessments that identified at-risk Indiana counties, (Van Handel
et al., 2016; Box et al., 2017) we found four counties—Fayette, Scott,
Starke, and Washington—to have overlapping vulnerability among all
three assessments. Focusing public health prevention efforts on counties
vulnerable to opioid-involved overdose mortality as well as HCV and
HIV outbreaks may be particularly impactful and cost effective. (Perl-
man and Jordan, 2018; Bulled and Singer, 2011)

From our services accessibility analysis, only Fayette County was
found to have all census tracts in the top quintile for OUD treatment
services and naloxone provider accessibility. Twelve of the 19 identified
vulnerable counties had census tracts within the lowest quintile for both
OUD treatment services and naloxone provider accessibility, high-
lighting in-county service access gaps and disparities (Fig. 2). Interest-
ingly, we identified counties with high-ranking access to OUD treatment
services but low-ranking access to naloxone providers such as Grant,
Randolph, and Scott counties, as well as counties with high ranking
access to naloxone providers but low ranking access to OUD treatment
services such as Delaware, Jay, and Marion counties. As we identified
OUD services per capita as a county-level protective factor in our anal-
ysis, targeting future OUD service expansion efforts in vulnerable com-
munities with accessibility gaps may help maximize limited resources.

We envision three critical pathways for OUD service expansion ef-
forts: enhanced access to MOUD including buprenorphine and

Fig. 2. Spatial accessibility index of opioid
use disorder treatment services as well as for
naloxone providers. A) Spatial accessibility
index output for OUD treatment services
from the two-step floating catchment method
with highlighted top and bottom quintile
census tracts respectively showing highest
and lowest accessibility. B) Spatial accessi-
bility index output for naloxone providers
from the two-step floating catchment method
with highlighted top and bottom quintile
census tracts respectively showing highest
and lowest accessibility.

Naloxone provider access

Lower accessibility scores.

Higher accessibility scores
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methadone maintenance treatment, which are both effective at reducing
the risk of opioid-involved overdose mortality; (Larochelle et al., 2018;
Sordo et al., 2017; Morgan et al., 2019; Fullerton et al., 2014) expanded
and sustained harm reduction programming, including SSPs; (Larochelle
et al., 2019; Kapadia et al., 2021; Hawk et al., 2015) and bolstered
overdose education and naloxone distribution programs. (Larochelle
et al., 2019; Dwyer et al., 2015; Walley et al., 2013) In addition, it is
critical that these OUD service expansion efforts be accompanied by
policies and programs aimed at reducing existing community barriers to
OUD services such as the scarcity of clinicians with sufficient training,
regulatory and financial obstacles, as well as barriers from stigma
against OUD treatment and harm reduction services, especially in rural
counties in Indiana. (Madras et al., 2020; Indiana University, 2020)

Previous studies have reported significant differences between rural
and urban areas such as higher rates of heroin and synthetic opioids,
other than methadone (e.g., fentanyl), involved with overdose deaths in
urban areas, and higher rates of natural and semisynthetic (e.g., oxy-
codone) opioid-involved with overdose deaths in rural areas. (Hede-
gaard and Spencer, 2021) Prior vulnerability assessments related to the
opioid crisis have also found rural-urban classification to be signifi-
cantly associated with opioid-involved mortality. (Van Handel et al.,
2016; Batdorf, 2020; Short et al., 2020) However, in our analysis,
rural-urban classification was not significantly associated (p > 0.2) with
opioid-involved overdose mortality and was not selected as a covariate;
we identified vulnerable Indiana counties across the rural-urban spec-
trum (Appendix 2). Customization of local interventions will be crucial
to maximize effectiveness due to the complex differences between rural,
rural/mixed, and urban areas. For example, compared to urban areas,
rural or rural/mixed communities may face additional challenges such
as limited transportation options or burdensome travel times. (National
Rural Health Association, 2017)

Among the 13 total core indicators and covariates included in the
vulnerability assessment, we identified eight demographic or social
determinants of health indicators that were significantly associated (p <
0.2) with opioid-involved overdose mortality in Indiana, including:
median income, unemployment rate, Gini index, percent of female-led
households, percent without a high school diploma, percent with a
disability, percent with Internet access, and percent non-Hispanic Black.
Our finding of these risk factors for opioid overdose deaths in Indiana
supports previous research indicating strong associations between high
socioeconomic marginalization and higher rates of overdose. (van
Draanen et al., 2020; Altekruse et al., 2020; El-Bassel et al., 2021)
Despite declining opioid prescription rates, researchers posit that the
continued rise of opioid-involved overdose mortality rates indicates that
opioid prescribing is only a single component of a complex web of
critical factors and social determinants of health that are driving the
opioid crisis. (Dasgupta et al., 2018) Many of these key socioeconomic
variables were also commonly found as significant covariates among
multiple other vulnerability assessments related to the opioid crisis.
(Missouri Department of Health and Senior Services, 2020; Rickles et al.,
2018; South Dakota Department of Health, 2019; Iowa Department of
Public Health, 2019; Brown School of Public Health, 2019) These risk
factors were of additional relevance at the time of this vulnerability
assessment as the coronavirus pandemic began to disparately affect
socioeconomically marginalized populations (Grinspoon, 2020; Opioid
Response Network, 2020) and as substantial increases in opioid-
involved overdose deaths were noted. (CDC Health Alert Network,
2020; Grinspoon, 2020; Slavova et al., 2020; Sutfim, 2020; Glober et al.,
2020)

Of particular importance is the racial dimension of the ongoing
opioid crisis. Black and Hispanic persons who use drugs have also been
discriminatorily criminalized in parallel with the 1980s War on Drugs
where Black and Hispanic persons were incarcerated at higher rates
when compared to other racial/ethnic groups. (Mauer, 2009; Bechteler
et al., 2017; Mitchell and Caudy, 2017; Substance Abuse and Mental
Health Services Administration, 2020) While the racial/ethnic

Preventive Medicine Reports 24 (2021) 101538

disparities in opioid prescribing practices, with lower prescription rates
in Black communities, (Singhal et al., 2016) may have resulted in lower
rates of overdose deaths involving prescription opioids during the first
wave of the opioid crisis from the mid-1990s to 2010, (Paulozzi et al.,
2011) the shift to synthetic opioids such as fentanyl during the third
wave of the crisis has led to a drastic increase in opioid-involved over-
doses among Black and Hispanic populations. (Friedman et al., 2021;
Ciccarone, 2019; Alexander et al., 2018) Black opioid-involved overdose
mortality rates have rapidly increased in multiple states. (Agency for
Healthcare Research and Quality, 2020; James and Jordan, 2018; Her-
nandez et al., 2020; Minnesota Department of Health, 2018) This in-
cludes Indiana, where drug overdose mortality rates for Black
populations surpassed those for non-Hispanic White populations in
2017. (Helmick, 2019, Watson et al., 2018)

Racial inequities also manifest in differing levels of access to and use
of harm reduction and treatment services for OUD. As buprenorphine
access has been deregulated and made more widely available through
private physicians, (Hansen and Roberts, 2012) barriers to methadone
access remain high as federal regulations persist. (McBournie et al.,
2019) These differing levels of regulation generate inequity through the
racial/ethnic geographic segregation of treatment capacity for these two
treatments found in a national county-level analysis. (Goedel et al.,
2020) Counties that are highly segregated non-Hispanic White have
more buprenorphine services per capita, while counties that are highly
segregated Black and Hispanic have more methadone services per cap-
ita. (Goedel et al., 2020) An assessment of New York City found that
buprenorphine treatment usage was highest in areas with low percent-
ages of Black, Hispanic, and low income residents, while methadone
treatment usage was highest in areas with high percentages of low in-
come and Hispanic residents. (Hansen et al., 2016; Hansen et al., 2013)
A nationally representative study found that from 2012 to 2015, His-
panic and non-Hispanic White patients accounted for 94.9% of office-
based buprenorphine prescription visits. (Lagisetty et al., 2019) While
assessing the spatial distribution of OUD services locations in Indiana for
the creation of the spatial accessibility index, of the 14 identified that
offer methadone, 12 were in or next to census tracts in the top quintile
for percentage of the population that is non-Hispanic Black. Addition-
ally, Indianapolis EMS records from 2011 to 2018 show that the rate of
emergency naloxone administrations was higher among non-Hispanic
White decedents when compared to non-Hispanic Black decedents.
(Ray et al., 2020) As long as Black and Hispanic populations continue to
have substantially lower access to prevention, harm reduction, treat-
ment, response, and recovery services for OUD, (Office of Behavioral
Health Equity, 2020) future solutions targeting the opioid crisis will
require detailed, thoughtful, holistic, and culturally competent mea-
sures that intentionally promote the well-being and healing of Black,
Hispanic, and other racial and ethnic communities. (Substance Abuse
and Mental Health Services Administration, 2020)

The presence of these demographic and social determinants of
health, including racial inequity, merits a broader drug user health
approach for future public health policies and targeted interventions in
Indiana. Taking a drug user health approach allocates importance to
both opioid-involved overdose prevention through access to harm
reduction and OUD treatment services and addressing the accumulated
challenges related to health and quality of life that are associated with
opioid use and related comorbidities. A focus on the underlying drivers
of addiction is needed to help address the underlying social and struc-
tural disparities in insurance coverage, stable housing, criminalization
and incarceration rates, as well as stigma against substance use disor-
ders. (El-Bassel et al., 2021; Volkow, 2021) While a drug user approach
may be more difficult to support, implement, and sustain, it may be
critical to address the intertwined OUD, opioid-involved overdose, and
HCV crises. (Kattakuzhy and Rosenthal, 2020)

One component of such an approach in Indiana could be the increase
of community-level harm reduction programs such as SSPs. In
2014-2015, there was a community outbreak of HIV and HCV linked to
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injection drug use in Scott County, Indiana. (Conrad et al., 2015) One of
the critical responses to the public health emergency was the temporary
authorization of an SSP in Scott County, which proved effective at
drastically reducing the number of new HIV and HCV infections in the
rural community. (Kishore et al., 2019) In particular, modelling of the
outbreak has elucidated that an earlier response may have resulted in
prevention, if not mitigation, highlighting the importance of proactive
instead of reactive policies. (Gonsalves and Crawford, 2018; Goedel
et al., 2020) SSPs have proven effective at reducing the HIV and HCV
transmission risks, especially when in combination with MOUD, (Aspi-
nall et al.,, 2014; Platt et al., 2017;9:CD012021.) enhancing MOUD
effectiveness by increasing treatment referrals, linkages, and retention
rates, (Hagan et al., 2000; Hood et al., 2020) while also serving as key
connections to overdose education and naloxone distribution. (Lambdin
et al.,, 2020) However, barriers such as stigma and laws against
possession of drug paraphernalia continue to mire progress toward the
introduction of more SSPs. (Kishore et al., 2019) Furthermore, SSP
authorization is still challenged in Indiana even as the expiration of the
current state-level authorization bill has been extended to July 2026. As
new restrictions against SSPs are under debate across the country in
2021, even Scott County has witnessed a two to one vote by county
officials ending the SSP originating from the 2014-2015 outbreak.
(Knowles, 2021) This rollback and ongoing debate over the continued
authorization of SSPs raises the importance of reiterating the lessons
learned from the Scott County outbreak—that SSPs are effective in
preventing opioid-related harms and the importance of acting proac-
tively instead of reactively. (Cooke and Gonsalves, 2021)

Several limitations should be considered when reflecting on these
findings. Due to the limitations of publicly available opioid-involved
overdose mortality data, we conducted our analyses primarily at the
county-level. We used chronic HCV in lieu of acute HCV as a proxy for
injection drug use due to low counts per county of acute HCV. Due to the
limited sample size, 92 counties, our novel regression-weighted quintile
ranking methodology uses bivariate regression models instead of a
multivariable model. To address its limitations, we conducted several
model diagnostics and conducted a sensitivity analysis. The sensitivity
analysis showed that the vulnerability index obtained from the utilized
regression weighted rank approach was highly correlated with the
vulnerability estimates obtained from a multivariable negative binomial
model (Coefficient of correlation: 0.81, Appendix 3).

Further limitations specific to the 2SFCA analyses include that we
used OUD treatment services data from 2020 and Indiana naloxone
provider services data from 2018, while the rest of analysis leveraged
2017 data. While this may limit the comparability between the vulner-
ability and 2SFCA analyses, we decided that assessing accessibility in a
way that reflects current realities is the best approach for a cross-
sectional assessment to accurately inform policymaking and interven-
tion responses related to OUD services. Our data did not allow 2SFCA to
calculate travel times for services outside Indiana but close to the state
border, possibly resulting in edge effects around the state border. In
addition, due to the lack of census tract-level data to describe OUD
prevalence, our 2SFCA models utilized total population as the denomi-
nator for the provider to population ratios. Furthermore, due to data
constraints, the 2SFCA analyses treated all identified OUD and naloxone
services as having the same patient capacity when, in reality, providers
such as waivered buprenorphine practitioners have varying patient
limits. It is possible that areas with many small-capacity OUD service
locations may be identified as having more access than a location with a
few higher-capacity OUD service locations. However, it is important to
note that only a limited number of buprenorphine waivered physicians
prescribe buprenorphine. Furthermore, those who prescribe buprenor-
phine commonly treat fewer patients relative to their waivered capacity.
(Duncan et al., 2020)()
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Appendix 1. Location of opioid use disorder services, including medication for
opioid use disorder treatment services, naloxone providers, as well as syringe
services programs sometimes known as needle exchange programs.

5. Conclusion

Given the ongoing devastation tied to the opioid crisis across the
United States, as well as its further exacerbation during the coronavirus
pandemic, our rapid, rigorous, and policy-informing opioid-involved
overdose vulnerability assessment can help to inform activities and re-
sponses by public health officials on the state and local levels. Our
vulnerability ranking approach, which builds on previous vulnerability
assessments at the national level, highlighted a number of counties that
are highly vulnerable to opioid overdose and related comorbidities,
providing local public health officials with salient findings to inform
targeted public health responses. Findings from this vulnerability
assessment provide local-level context and evidence to support ongoing
and enhanced harm reduction services, particularly in areas with high
opioid overdose vulnerability and low access to services. Specifically,
our findings provide support for continuing SSPs in highly vulnerable
Clark, Fayette, Madison, Marion, and Wayne counties; reopening an SSP
in Scott County; and new harm reduction programs in the highly
vulnerable counties currently without SSPs including Blackford, Dela-
ware, Floyd, Grant, Howard, Jay, Lake, LaPorte, Madison, Randolph, St.
Joseph, Starke, Vanderburgh, and Washington counties. Our approach
can be used as a model to identify vulnerable communities in any state
and inform public health prevention and harm reduction efforts to curb
the escalating national opioid crisis.
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Appendix 2. Rural-urban status of the most vulnerable Indiana counties for
opioid-involved overdose mortality using the Purdue University Indiana County
Classification System.
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Appendix 3

Results from sensitivity analysis using a multivariable negative binomial
regression model. The sensitivity analysis highlighted that the vulnerability
index obtained from the regression weighted rank approach was highly corre-
lated with vulnerability estimates obtained from a multivariable negative
binomial model approach with a coefficient of correlation of 0.81.

Variable Beta Standard p-value
coefficient error

Opioid-related emergency department 0.38 0.09 <0.0001
visits per 100,000 population

Opioid-related arrests per 100,000 —0.01 0.06 0.845
population

Opioid prescriptions per 100,000 0.08 0.08 0.3037
population

Chronic hepatitis C cases per 100,000 0.2 0.08 0.0093
population

Percentage of female-led households 0.12 0.12 0.3008

Unemployment rate 0.02 0.1 0.8061

Gini Index (a measure of inequality) 0.02 0.08 0.8092

Percentage of the population above 25 0.08 0.09 0.3877
years of age without a high school
diploma

Percentage of the population with 0.06 0.09 0.4816
disability

Percentage of the population that is non- —0.03 0.15 0.8572

Hispanic Black
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