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Abstract

Background.—Rural communities in the United States have been disproportionately affected by
the opioid crisis. Little research has explored the relationship between polysubstance use and
overdose experiences among people who inject drugs (PWID) in rural communities. We sought to
identify classes of polysubstance drug use among rural PWID and evaluate the associations
between polysubstance drug use classes, recent overdose experiences, and receipt of take-home
naloxone (THN).

Methods.—We surveyed 420 PWID (June-July 2018) who had injected drugs in the previous 6
months in Cabell County, West Virginia. Participants were recruited from the local syringe
services program and through street-based recruitment. We conducted a latent class analysis using
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9 measures of injection and non-injection drug use and tested for associations with having
experienced an overdose in the past 6 months and having received THN in the past 6 months.

Results.—We identified four substance use classes in our sample: polydrug/polyroute use
(35.0% of the sample), polyroute stimulant/injection opioid use (33.3%), polyroute stimulant use
(20.3%), and injection opioid use (11.3%). Overall, 42.6% of the sample had experienced an
overdose in the past 6 months. The classes differed in terms of overdose (=91.53, p<0.001), with
the polydrug/polyroute use class having the highest probability of overdose and the polyroute
stimulants class having the lowest. Only 46.5% of participants had received THN, and
probabilities differed between classes (x=21.93, p<0.001). The polyroute stimulants/injection
opioid use and polydrug/polyroute use classes had the highest levels of THN receipt while the
polyroute stimulants use class had the least.

Conclusion.—Among rural PWID in West Virginia, polysubstance use was prevalent and
associated with overdose and THN acquisition. These analyses demonstrate the importance of
scaling up naloxone distribution in rural settings. Overdose prevention initiatives are reaching
persons at high risk of overdose, but expansion of services is needed.

Keywords
Polysubstance use; people who inject drugs; rural drug use; latent class analysis

Introduction

Rural regions of the United States (US) have been deeply affected by the modern opioid
crisis. Non-medical prescription opioid use and illicit drug use rates have risen dramatically
in recent years (1-3), precipitating increases in injection drug use (4, 5). These trends are
troubling given that rural communities often have insufficient access to essential evidence-
based programs (e.g., syringe services programs [SSPs], medication assisted recovery
programs) that can decrease injection drug use-associated consequences, such as overdose
and infectious disease outbreaks, among people who inject drugs (PWID) (6, 7). Further,
PWID who attempt to access medication assisted recovery programs in rural communities
may experience both long waitlists and be required to travel long distances to access services
due to geographical isolation, resulting in increased risks for adverse health outcomes (8-
10). With 19% of the population of the US residing in rural communities, better
understanding the unique characteristics of substance use and associated services utilization
in non-urban areas is essential for the implementation of effective public health response
initiatives (11).

Increasing rates of injection drug use in rural communities have coincided with similar rises
in overdose rates (12-15). Between 1999 and 2004, non-metropolitan areas experienced a
159% increase in drug overdose mortality, contrasting sharply with the 51% increase
metropolitans areas experienced during the same time period (15). These increases in rural
overdose mortality continued and even accelerated in much of the country through 2016, and
these changes varied widely by region (13). States in hard-hit areas were not affected
equally; for instance, West Virginia (WV) had the highest per capita overdose fatality rate in
the US in 2017 (16). Overdose rates in WV have more than tripled since the early 2000s

Int J Drug Policy. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schneider et al.

Page 3

(17). Overdose fatalities are not distributed equally in WV; Cabell County (characterized by
the US Census Bureau as 86% rural by land space) has the highest rate of fatal heroin-
related overdoses in the state and was among the top three counties in WV for both
oxycodone and fentanyl-associated deaths (17, 18). Given the burden of overdose in rural
communities, it is imperative that public health programs be implemented that are tailored to
the needs of local PWID populations.

Take-home naloxone (THN) distribution initiatives have been implemented in many settings
as a response to the opioid crisis and associated epidemics of fatal and non-fatal overdose.
THN programs were first implemented in the US in the 1990s and involve the dispensation
of naloxone (an opioid antagonist used to reverse opioid overdoses) to persons at risk for
witnessing or experiencing an overdose and training persons on how to effectively respond
during an overdose event (19, 20). THN programs are well-researched in urban areas and
their implementation has been shown to effectively reduce overdose fatalities (19, 21-24).
Access to THN among at-risk populations has also been improved through structural
changes. For example, most states have standing orders that allow persons to access
naloxone provided that predetermined conditions have been met (e.g., at-risk of witnessing
or experiencing an overdose) (25). In Cabell County, efforts to prevent overdose fatalities
include THN distribution and the implementation of quick response teams that aim to link
persons who recently overdosed to healthcare services. These local overdose prevention
services in Cabell County are also nested within co-occurring efforts at the state level to
prevent overdose, such as through the implementation of a Good Samaritan law and standing
order for naloxone (26-28).

Polysubstance use (the concurrent use of multiple drugs) is a strong driver of overdose
among people who use drugs and presents unique prevention challenges. Combining central
nervous system depressants or stimulants with opioids have each been associated with
increased risks for experiencing a fatal overdose (29-32). Fatal overdoses involving
stimulants (both cocaine and methamphetamine) and benzodiazepines have increased in
recent years, and the majority of deaths involving these drugs have also involved opioids
(33). As of 2015, approximately 63% of cocaine related deaths also involved opioids (34). In
2016, nearly 80% of overdose fatalities that involved a synthetic opioid (e.g., fentanyl and its
analogs) also involved another substance (35). Overdoses involving fentanyl often require
multiple doses of naloxone to reverse due to its high potency. Naloxone can only reverse the
effects of opioids, and no equivalent medication currently exists for other drugs.
Understanding patterns of polysubstance use among PWID and their association with health
outcomes and service utilization could enable communities to implement public health
initiatives that address the overlapping and synergistic risks for overdose among PWID.

To date, most studies that examine patterns of polysubstance use have used relatively
simplistic measures to understand concurrent use of multiple drugs, such as counts of
individual drugs used or diagnoses of polysubstance use disorders. These measures can
mask the diversity of substance use that may contribute to adverse health outcomes. For
example, individuals who report the same number of drugs used may use different classes of
drugs and by varying routes of administration. Some research has used latent class analysis
(LCA) (19) to improve the measurement of polysubstance use among people who use drugs
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(36-42). LCA allows for the identification of groups that are homogenous in terms of their
drug use classes (43, 44). To our knowledge, only one study has utilized LCA to understand
polysubstance use among rural US adults (45). This study focused on the entire non-
metropolitan US population and used substance use disorder (SUD) diagnostic criteria as its
measure of drug use. While informative, this study did not yield significant insights into the
relationships between polysubstance use and health outcomes (e.g., overdose) and access to
prevention resources (e.g., naloxone) among PWID. This is a key gap in the overdose
prevention literature as rural PWID are at disproportionate risk for experiencing an
overdose. Better understanding classes of polysubstance use among rural PWID and their
relationship with overdose experiences and THN access could inform how overdose
prevention initiatives are implemented to reach those at greatest risk. In this study, we aimed
to identify classes of polysubstance drug use in a rural sample of PWID, identify
sociodemographic correlates of these drug use classes, and test for associations between
drug use classes and overdose history and receipt of take-home naloxone.

Study Design and Recruitment.

Measures.

The current analysis uses data from the West Virginia COUNTS! study, which aimed to
estimate the number of people who inject drugs in Cabell County, West Virginia. A detailed
description of the methodology used in the parent study has been previously published;
therefore, we briefly summarize the procedures here (46). Inclusion criteria for participation
were individuals had to be at least 18 years old and to have ever used drugs of any form and
by any route of administration. Data collection occurred in two phases during June and July
2018. In the first phase, we recruited PWID at the Cabell-Huntington Harm Reduction
Program (CHHRP), which is housed in the Cabell-Huntington Health Department. The
CHHRP was created in 2015 to decrease the significant health burden of the opioid epidemic
in Cabell County. The program provides comprehensive harm reduction services, including
syringe access, naloxone, referrals to substance use treatment, and related health services.
As of August 2018, the CHHRP distributed an estimated 12,000 THN doses in the
community (M. E. Kilkenny, e-mail communication, August 28, 2018). In the second study
phase, we recruited participants in areas where PWID were known to congregate (e.g.,
public parks, transit centers). In total, 797 surveys were completed with 53% (n=421)
reflecting unique individuals who reported injection drug use in the past 6 months. We
excluded one survey from a transgender participant to preserve their anonymity, which
yielded a final analytic sample 420 PWID. This study was approved by the Johns Hopkins
Bloomberg School of Public Health Institutional Review Board.

Past 6-Month Drug Use.

We asked participants a series of questions about their drug use in the past 6 months by
routes of administration. Drug use was assessed using the following question form: “Have
you (route of administration) (drug type) in the past 6 months?” Routes of administration
included injected, snorted, swallowed, and smoked. Participants reported if they had injected
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each of the following drug types: heroin by itself, cocaine by itself, cocaine and heroin
together (speedball), crystal methamphetamine, opioid painkillers (Oxycontin, Percocet,
Codeine, Darvon, Percodan, Dilaudid, and Demerol were listed), fentanyl or fentanyl
analogues, and buprenorphine or Suboxone. Participants also reported past 6-month non-
injection use of the following drug types: heroin by itself, cocaine by itself, crack, crystal
methamphetamine, opioid painkillers (Oxycontin, Percocet, Codeine, Darvon, Percodan,
Dilaudid, and Demerol were listed again), sedatives/tranquilizers, and buprenorphine or
Suboxone. We combined all non-injection use of a specific drug together (i.e. smoking and
snorting heroin were both considered non-injection heroin use). We further combined some
drugs into the following categories: injected stimulants (cocaine, crystal methamphetamine),
non-injected stimulants (cocaine, crack, crystal methamphetamine), injected opioids (heroin,
painkillers), non-injected opioids (heroin, painkillers). These categories were created to
improve the estimability of the model used in this study. This procedure resulted in the
following 9 binary drug use indicators capturing any use of drug types in the past 6 months:
injection stimulants, injection opioids, injection speedball, injection fentanyl, injection
buprenorphine/Suboxone, non-injection stimulants, non-injection opioids, non-injection
sedatives/tranquilizers, and non-injection buprenorphine/Suboxone. Given the high potency
of fentanyl, it was retained independent of the injected opioids category. For each drug, we
utilized a binary indicator (yes/no) for any use in the past 6 months.

Sociodemographic Characteristics.

Demographic measures included age (in years), gender (male and female), and education
level. Participants reported their education based on 8 categories ranging from never
attending any school to graduate school, which we collapsed to three categories (less than
high school graduate, high school graduate or equivalent, and some college or more).
Participants reported their race as White, Black, Asian, Pacific Islander, American Indian/
Alaskan Native, Multi-Racial, or Other. Participants also reported whether they considered
themselves Hispanic. Given the low prevalence of participants who reported anything other
than non-Hispanic, White in our sample, we dichotomized these categories into White and
Other for our analysis. Finally, participants reported whether they considered themselves
homeless (yes/no).

Past 6-Month Overdose History.

Participants reported how many times they had overdosed to the point of passing out in the
previous 6 months. We used this information to generate a binary variable indicating having
experienced any overdose in the past 6 months compared to no overdoses.

Past 6-Month Take-Home Naloxone.

Analysis.

We asked participants if they had received naloxone/Narcan to carry with them from any
source in the past 6 months (yes/no).

First, we conducted a latent class analysis (19) using the drug use variables described above
as manifest indicators to identify classes of polysubstance use. We used the LCA method to
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identify homogenous subgroups of polysubstance use (referred to as “classes”) by estimating
a series of models with increasing numbers of classes (one to six classes) using a full
information maximum likelihood estimator (43, 44). We then used the Akaike Information
Criteria (AIC), Bayesian Information Criteria (BIC), and Lo-Mendell-Rubin Likelihood
Ratio Tests (LRT) to select the preferred model (47). We also considered the substantive
interpretations of the classes to select the final number of classes. To assess the relationships
between the classes and overdose and THN, we used the Vermut 3-step approach to account
for potential misclassification in the latent classes (48). We adjusted the associations
between the latent classes and outcomes for gender, race, age, education, and homelessness.
We then used Wald Tests to identify overall differences in each outcome (i.e., overdose,
THN) between the classes and followed up these tests with model constraints to identify any
pairwise differences between classes. We conducted the analyses using Mplus8.1 (49).

Our sample (n=420) was primarily male (61.2%) and White (83.6%) (Table 1). The average
age was 35.8 (standard deviation: 8.5). In our sample, 27.4% had less than a high school
education, 34.8% had a high school education or equivalent, and 37.8% had some college
education or more. More than half of the sample considered themselves homeless (56.0%).
Injection opioids was the most commonly reported drug category in our sample (85.7%),
followed by injection (76.9%) and non-injection stimulants (78.1%). Injection (30.2%) and
non-injection buprenorphine/Suboxone (29.1%) were the least commonly reported. A large
proportion of our sample reported experiencing an overdose (42.6%) in the past 6 months. A
similar proportion reported receiving THN (46.5%) in the past 6 months.

Latent Classes of Polysubstance Injection.

The fit statistics from the class enumeration procedure are reported in Table 2. We selected a
four-class solution given these fit statistics and the substantive interpretation of the classes.
The probabilities of each indicator by class are presented in Figure 1. The four classes
identified were: polydrug/polyroute use, polyroute stimulant/injection opioid use, injection
opioid use, and polyroute stimulant use. The largest class (polydrug/polyroute use)
contained 35.0% of the sample based on posterior probabilities of most likely class
membership and was characterized by high use across drug categories. The next largest class
(polyroute stimulant/injection opioid use) contained 33.3% of the sample and was
characterized primarily by stimulant use (both injection and non-injection) and injection
opioid use. A third class (polyroute stimulant use) containing 20.3% of the sample was
characterized by high stimulant use across routes of administration. The smallest class
(injection opioid use) contained 11.3% of the sample and consisted of individuals who
primarily injected opioids.

Sociodemographic Correlates of Latent Class Membership.

Table 3 summarizes the demographic correlates of class membership. In terms of age, the
polyroute stimulant use class was younger than both the injection opioid (8=-0.080,
p=0.008) and polydrug/polyroute use (8=-0.050, p=0.031) classes. The polyroute stimulants
class had a greater proportion of males than the polyroute stimulants/injection opioid class
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(5=0.893, p=0.016), and a marginally greater proportion males than the injection opioid use
(=0.930, p=0.061) and polydrug/polyroute use classes (8=0.650, p=0.070). The polyroute
stimulant/injection opioid use, injection opioid use, and polydrug/polyroute use classes did
not differ in terms of gender. There were also no significant differences between classes for
race/ethnicity or education. The polyroute stimulant use (f=—0.795, p=0.027) class had less
homelessness than the polyroute stimulant/injection opioid use class. The polyroute
stimulant class also had less homelessness than the polydrug/polyroute use class (f=—1.103,
p=0.001). Finally, the polydrug/polyroute use class had more homelessness than the
injection opioid class (5=1.443. p=0.002).

Overdose History and THN by Latent Class.

The probabilities of having recently experienced an overdose and received THN in each
latent class are shown in Figure 2. The overall test for differences by class with respect to
recent overdose was significant (x=91.53, p<0.001). The classes had the following
probability estimates of past 6-month overdose: 65.3% in the polydrug/polyroute use class,
49.3% in the polyroute stimulant/injection opioid use class, 16.0% in the injection opioid
use class, and 9.1% in the polyroute stimulant use class. The polydrug/polyroute use class
had a higher probability of overdose than the injection opioid use (p<0.001) and polyroute
stimulant use (p<0.001) classes. The polyroute stimulant/injection opioid use class also had
higher probabilities of overdose than the injection opioid use (p<0.001) and polyroute
stimulant use (p<0.001) classes. The classes also differed in terms of THN receipt (x=21.93,
p<0.001). The probabilities of having received THN by class were: 59.4% in the polydrug/
polyroute use class, 53.6% in the polyroute stimulant/injection opioid use class, 39.4% in the
injection opioid class, and 23.3% in the polyroute stimulant use class. The polydrug/
polyroute use class had a higher probability of receiving THN than the injection opioid use
(p=0.022) and polyroute stimulant use (p<0.001) classes but did not differ from the
polyroute stimulant/injection opioid use class (p=0.422). The polyroute stimulant/injection
opioid use class was more likely to receive THN than the polyroute stimulant use class
(p<0.001).

Discussion

Our study sought to understand what classes of polysubstance use exist among PWID in
rural West Virginia and how polysubstance use is related to overdose and THN acquisition.
We identified four classes of polysubstance use in our sample of rural PWID: polydrug/
polyroute use, polyroute stimulant/injection opioid use, injection opioid use, and polyroute
stimulant use. Among these classes, the polydrug/polyroute use and polyroute stimulant/
injection opioid use classes had the highest probability of having experienced an overdose in
the past 6 months. These same two classes were also most likely to have received THN in
our study. The high prevalence of overdose in our sample is striking. Forty-two percent of
our participants had experienced an overdose in the past 6 months, which contrasts sharply
with existing estimates of national and global overdose rates among PWID (14% and 17% in
the past year, respectively) (50, 51).
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Our results suggest that the subgroups of PWID with the greatest probabilities of recent
overdose were more likely to have recently received THN. This finding suggests that
existing THN programs in Cabell County are reaching polysubstance use classes of PWID at
high risk for overdose. However, there remains a significant gap in naloxone coverage at the
population-level as less than half of our sample reported having received THN in the past 6
months. Our findings should also be contextualized within the broader opioid crisis in Cabell
County. The emergence of fentanyl in the drug supply warrants increased efforts to enhance
naloxone access as fentanyl-associated overdoses may require repeated naloxone
administrations to reverse (52). Cabell County scaled up its overdose prevention initiatives
in recent years to combat the ongoing crisis; for example, following an outbreak of 20 opioid
overdoses in 53 hours, overdose prevention initiatives were catalyzed, leading to the
implementation of quick response teams that aim to link persons who overdose to recovery
services and community naloxone distribution campaigns (53). Preliminary data suggest that
overdose prevention initiatives are working in Cabell County; calls for overdose-related
emergency medical services decreased by 40% in 2018 compared to 2017 (54). Ongoing and
expanded efforts to make THN available to all at-risk persons are essential to sustaining the
positive changes in overdose trends. Further, tailoring THN distribution to the needs of
subpopulations of PWID may result in greater reductions in overdose mortality.

We identified sociodemographic correlates of polysubstance use classes and found several
distinctions between them. The polyroute stimulant use group was more likely to be male
and younger than other classes. Importantly, we found that the classes with the highest
probabilities of recent overdose (polydrug/polyroute use, polyroute stimulant/injection
opioid use) were also characterized by homelessness. This is consistent with the broader
literature that consistently identifies homelessness as a risk factor for overdose (55-59). As
such, further integrating harm reduction services, like naloxone trainings, into existing
programs targeting homeless individuals may help provide lifesaving services directly to the
individuals at highest risk for poor health outcomes. Our findings help illuminate ways in
which naloxone distribution programs can potentially be targeted to maximize their impact
for the most vulnerable PWID in the community.

Our study has several limitations and strengths that are important to consider. First, our
sample lacks demographic diversity. While this limits our ability to examine the influences
of race/ethnicity, it does reflect the relative homogeny of the population in Cabell County
(46). As previously mentioned, our study is also limited by our measurement of THN. We
only measured whether a person had received THN in the past 6 months from any source
and therefore could not evaluate whether individuals received enough naloxone to meet their
needs, were able to easily refill used doses, or where individuals received the naloxone.
Future work should be conducted to better understand strategies to increase naloxone
coverage among rural PWID. Additionally, access to and receipt of THN are non-equivalent;
it is possible that some participants who reported not having received THN were offered it
and declined it. We also did not measure co-use of drugs on the same drug use occasion in
this study (except for speedball use), only the use of drugs within the same time period. We
also did not include a nuanced measure of frequency of use for each drug, which is an
important area of future inquiry as frequency of use may affect overdose risks. Similarly, we
did not measure alcohol use, limiting our ability to comprehensively understand the totality
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of substance use among this population. We should also note that while approximately one-
third of our sample reported injecting buprenorphine/Suboxone, we cannot provide any
additional insights into this behavior. Future work is needed to better understand
buprenorphine/Suboxone injection and how it may affect risks for overdose. Despite these
limitations, our study also has several strengths that make it an important contribution to the
literature. First, latent class analysis is a powerful statistical approach allows for the
identification of subgroups of individuals with homogenous profiles of the indicators of
interest, in this case, polysubstance use. Latent class analysis allows for a more holistic
understanding of individuals’ behaviors than more simplified approaches. Additionally, we
highlight important correlates of high-risk polysubstance use patterns that can be used to
inform public health program planning. Future research should further this line of
questioning to understand other important health consequences of polysubstance use, like
injection-related infectious disease (HIV, Hepatitis C) transmission and physical health
morbidities (abscesses). Additional studies should also explore why particular drugs may be
combined and how this behavior relates to attitudes towards and interest in medication
assisted recovery.

Conclusions.

Our study provides a first step in understanding how polysubstance use is related to overdose
outcomes and take-home naloxone receipt among people who inject drugs in rural
Appalachia. We found that persons who use stimulants and opioids or who use a variety of
drugs through multiple routes of administration had the highest probability of having
experienced an overdose in the past 6 months. While these groups were also more likely to
have received take-home naloxone, expansion of naloxone services are needed to provide
comprehensive coverage to the entire PWID population at-risk of overdose.
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Figure 1.

Probabilities of Drug Use Indicators in Each Latent Class
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Figure 2. Probability of Past 6-Month Overdose History and Take-Home Naloxone Receipt by
Polysubstance Drug Use Latent Class

Note. The classes differed significantly in both their overdose history (x=91.53, p<0.001)
and THN possession (x=21.93, p<0.001). The polydrug/polyroute use class had
significantly higher rates of overdose than the injection opioid use (p<0.001) and stimulant
use (p<0.001) classes and marginally higher rates than the stimulant and opioid (p=0.056).
The stimulant and opioid use class had higher rates of overdose than the injection opioid
(p<0.001) and stimulant (p<0.001) classes. The polydrug/polyroute use class had higher
rates of THN than the injection opioid use (p=0.022) and stimulant use (p<0.001) classes.
The stimulant and opioid use class had higher THN than the stimulant only class (p<0.001).
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Table 1.

Prevalences of Demographic Characteristics, Injection Drug Use Indicators, and Outcomes (N = 420)

Prevalence (%)

Demographic Characteristics

Age, M(SD) 35.8 (8.5)
Gender
Male 61.2
Female 38.8
Race
White 83.6
Other 16.4
Education
Less than HS 274
12t grade or GED 34.8
Some college or more 37.8
Homeless 56.0

Past 6-Month Injection Drug Use

Stimulants 76.9
Opioids 85.7
Speedball 38.3
Fentanyl 54.8
Buprenorphine/Suboxone 30.2
Past 6-Month Non-Injection Drug Use
Stimulants 78.1
Opioids 47.6
Sedatives/Tranquilizers 41.7
Buprenorphine/Suboxone 29.1
Outcomes
Overdose in Past 6-months 42.6
Take-Home Naloxone 46.5
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Table 2.
Latent Class Model Fit Statistics
Classes Smallest Class  Log Likelihood AIC BIC Entropy LRT p-value
2 40.7% —2147.071 4332.14  4408.91 0.69 <0.001
3 21.8% —2080.283 4218.57 4335.73 0.72 0.022
4 11.3% —2047.387 4172.77  4330.34 0.78 0.003
5 7.9% —2029.603 4157.21 4355.18 0.79 0.437
6 2.9% —-2017.133 4152.27 4390.64 0.83 0.059
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Table 3.

Distribution of Demographic Characteristics by Latent Class Membership

Page 17

Polydrug/Polyroute Use

Polyroute Stimulant/

Injection Opioid Use

Polyroute Stimulant

Injection Opioid Use Use

Age, Mean 36.0 354 39.5 33.6
Gender, %

Male 61.4 54.6 55.7 73.4

Female 38.6 454 44.3 26.6
Race, %

White 85.6 83.5 78.1 84.5

Non-White 14.4 16.5 21.9 155
Education, %

Less than HS 33.7 23.6 18.9 275

12t grade or GED 34.9 33.7 35.3 35.4

Some college or more 314 42.7 45.8 37.1
Homeless, % 68.0 60.3 30.8 42.6
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