
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Estadt et al. Harm Reduction Journal          (2024) 21:214 
https://doi.org/10.1186/s12954-024-01131-6

Harm Reduction Journal

*Correspondence:
Angela T. Estadt
estadt.24@osu.edu

Full list of author information is available at the end of the article

Abstract
Background  People who use drugs (PWUD) in rural communities increasingly use stimulants, such as 
methamphetamine and cocaine, with opioids. We examined differences in hepatitis C virus (HCV) testing and 
treatment history among rural PWUD with opioids, stimulants, and other substance use combinations.

Methods  PWUD were enrolled from ten rural U.S. communities from 2018 to 2020. Participants self-reporting a 
positive HCV result were asked about their HCV treatment history and drug use history. Drug use was categorized 
as opioids alone, stimulants alone, both, or other drug(s) within the past 30 days. Prevalence ratios (PR) were yielded 
using adjusted multivariable log-binomial regression with generalized linear mixed models.

Results  Of the 2,705 PWUD, most reported both opioid and stimulant use (74%); while stimulant-only (12%), opioid-
only (11%), and other drug use (2%) were less common. Most (76%) reported receiving HCV testing. Compared to 
other drug use, those who reported opioid use alone had a lower prevalence of HCV testing (aPR = 0.80; 95% CI: 0.63, 
1.02). Among participants (n = 944) who self-reported an HCV diagnosis in their lifetime, 111 (12%) ever took anti-
HCV medication; those who used both opioids and stimulants were less likely to have taken anti-HCV medication 
compared with other drug(s) (aPR = 0.41; 95% CI: 0.19, 0.91).

Conclusions  In this pre-COVID study of U.S. rural PWUD, those who reported opioid use alone had a lower 
prevalence of reported HCV testing. Those diagnosed with HCV and reported both opioid and stimulant use were less 
likely to report ever taking anti-HCV medication.
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Background
In the United States (U.S.), the incidence of hepatitis C 
virus (HCV) has risen in parallel with injection drug use 
[1, 2]. Despite the high incidence of HCV among peo-
ple who use drugs (PWUD), estimates of HCV screen-
ing rates among this population range from 8–32% [3, 
4], with significantly lower rates (6%) [4] in rural areas. 
The opioid epidemic’s impact on HCV transmission has 
spurred successful advocacy for routine HCV screening 
among injection drug-using communities [5] and those 
who enter substance use treatment [6], as well as analy-
ses to identify counties at risk for outbreaks of HCV and 
HIV [7]. However, patterns of drug use in rural America 
continue to evolve. Since the mid-2010s, a “fourth wave” 
of the opioid epidemic has become apparent, character-
ized by PWUD intentionally and unintentionally mix-
ing opioids (including analogs such as fentanyl [8] and 
stimulants (e.g., methamphetamine, cocaine)). Different 
substance use patterns, such as those who use only opi-
oids versus those who use stimulants and opioids, may 
influence HCV testing and treatment initiation among 
PWUD. For example, available substance use treatment 
options such as medication for opioid use disorders 
(MOUD) are associated with higher rates of HCV screen-
ing [9], and the use of healthcare services is increased 
among those with methamphetamine-induced psychotic 
disorders [10]. It is imperative to understand how shifting 
drug use patterns influence HCV testing and treatment 
uptake, particularly in rural communities hardest hit by 
the opioid epidemic’s prior waves.

The HCV continuum of care (CoC) is a useful frame-
work that outlines the steps toward HCV infection clear-
ance; it begins with screening, followed by access to care, 
receipt of anti-HCV treatment, and achievement of infec-
tion cure [11–13]. In a prior study of rural people who 
inject drugs in Appalachia, among those who tested posi-
tive for HCV, 59% contacted a healthcare provider within 
18 months of receipt of their positive result, 14% sought 
HCV treatment, and only 8% reported receiving anti-
HCV medications [14] – a proportion 3–4 times lower 
than the overall U.S. HCV treatment rate [15]. Because 
HCV specialty providers such as hepatologists, gastro-
enterologists, and infectious disease physicians are more 
likely to be in urban areas, rural access to HCV treatment 
remains extremely limited [16, 17].

There is some evidence that substance use patterns 
influence the HCV CoC. There is little data on the first 
step in the HCV CoC, or screening rates, by the types 
of substances PWUD report using. However, one study 
of Medicaid enrollees who initiated medication for opi-
oid use disorders found that those with an additional 
substance use disorder were more likely to receive HCV 
screening [18]. Completion of the HCV CoC may also 
vary by the types of substances PWUD report using. In 

studies of PWUD in New York City and Vancouver, reg-
ular cocaine use was associated with loss to follow-up 
in the HCV CoC [19, 20], which may be due to limited 
medication treatment options for cocaine use disor-
der. However, PWUD with publicly-funded insurance 
may face additional hurdles in accessing treatment. As 
of 2020, or through the enrollment period of our study, 
26% of Medicaid programs had a mandatory minimum 
sobriety period before authorizing HCV treatment [21]. 
Although HCV treatment adherence does not appear to 
be affected by opioid use, conflicting findings make the 
impact of stimulant use unclear [22–24]. Furthermore, 
opioids, stimulants, and the use of both result in differing 
neurological, biological, and psychiatric effects that may 
uniquely influence HCV treatment completion [25–30]. 
For example, methamphetamine use is associated with 
increased depression, anxiety, violent behavior, and sui-
cidality [31], while opioid use is associated with anxiety, 
phobia, depression, hysteria, and somatization [32].

The association of opioid use, stimulant use, use of both 
opioids and stimulants, and other drug use on the HCV 
CoC has not been evaluated in rural areas, where the bar-
riers to HCV care include transportation obstacles and 
fewer specialized health care providers [33, 34]. Our pri-
mary objective was to determine the association between 
these substance use patterns (i.e., opioids, stimulants) 
with histories of HCV testing and receipt of anti-HCV 
treatment among rural PWUD in ten geographically 
diverse communities. Our secondary objective was to 
describe the HCV CoC among rural PWUD using self-
reported responses to HCV testing and care questions 
and HCV antibody diagnostic test results. For the first 
objective, we hypothesized that rural PWUD with recent 
opioid use would be more likely to report being tested 
and treated for HCV compared to rural PWUD who 
reported substance use other than opioids and stimu-
lants. For the second objective, we hypothesized that 
each step in the HCV CoC would vary by substance use 
patterns among rural PWUD.

Methods
Participants and procedures
We conducted a cross-sectional study using survey and 
HCV antibody screening data collected by Rural Opioid 
Initiative (ROI) sites from 2018 to 2020 and aggregated 
by the ROI Data Coordinating Center as of December 13, 
2022 [35]. The ROI included 8 study sites in rural areas of 
10 states: Illinois, Kentucky, Massachusetts, New Hamp-
shire, North Carolina, Ohio, Oregon, Vermont, West Vir-
ginia, and Wisconsin, as previously described [36].

Research staff recruited participants through commu-
nity outreach using a modified chain-referral approach 
based on respondent-driven sampling (RDS), useful for 
recruiting historically stigmatized populations such as 
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PWUD [37, 38]. Research staff recruited “seed” par-
ticipants using flyers, business cards, and through com-
munity outreach activities such as visiting local health 
departments and community events. These seed par-
ticipants recruit peers who then recruit others, initiating 
chains of successive peer-recruitment. Generalized eligi-
bility criteria included reporting the use of any opioid “to 
get high” or injection of any drug in the past 30 days and 
being a resident of a study area [36]. The minimum age 
for enrollment was 18, except for two studies that set the 
minimum age at 15. Compensation varied by site; partici-
pants received cash or a gift card for completing a survey 
composed of items jointly developed by all ROI sites. The 
inclusion criteria for our analyses were further narrowed 
to include only those adult participants (age 18 or older).

Measures
Dependent variables
Our analysis included two primary dependent variables. 
History of HCV testing was assessed by asking, “Have 
you ever been tested for HCV before today?” with a 
dichotomous, yes/no response. Among those who self-
reported ever having been told they had HCV, history 
of anti-HCV treatment was assessed by asking, “Are you 
taking, or have you already finished prescription medi-
cine to treat your HCV?” with a dichotomous, yes/no 
response.

Independent variable of interest
The independent variable of interest was participant-
reported substance use in the past 30 days. We clas-
sified substance use into four patterns: opioid-only; 
stimulant-only (e.g., methamphetamine, amphetamines, 
or cocaine); use of both opioids and stimulants (i.e., using 
both substances separately or together, at least once 
in the past 30 days); and use of other drugs (e.g., gaba-
pentin, clonidine, or benzodiazepines). Opioid use was 
defined as using heroin, fentanyl, carfentanil, prescrip-
tion medications (e.g., oxycodone, Percocet, Percodan, 
Oxycontin, hydrocodone, Vicodin, Lorcet, Lortab, etc.), 
buprenorphine, methadone, or synthetic compounds 
(e.g., U47700) in the past 30 days.

Assessment of covariates for inclusion in adjusted models
We included covariates for assessment based on the lit-
erature and a directed acyclic graph (DAG)-informed 
model for each primary outcome [39]. We generated the 
DAGs by selecting covariates related to the outcome or 
exposure variables based on literature and their availabil-
ity in the ROI dataset. A complete list of covariate defi-
nitions and the literature that informed the HCV testing 
and treatment DAGs are available in Supplemental Mate-
rial 1.

HCV continuum of care
We described participants’ engagement in the steps 
of the HCV CoC and potential service delivery gaps by 
substance use pattern by plotting the prevalence of par-
ticipants who completed HCV antibody testing at their 
study visit, participants who tested positive for HCV 
antibodies among those who completed testing, and the 
following self-reported steps: (1) ever previously tested 
for HCV, (2) ever having been told they had HCV, (3) 
have seen a medical provider in the past six months for 
HCV infection among those who had been told they have 
HCV, and, (4) ever taken HCV medication among those 
who had been told they have HCV. The survey questions 
do not specify HCV serology; a participant could have 
responded “yes” to being tested and having HCV, but it 
is unknown if their testing and results were for chronic 
HCV (antibody testing) or an active, current infection of 
HCV (RNA qualitative/quantitative testing). We tested 
for unadjusted differences by substance use pattern in 
each step of the HCV CoC by calculating the F statistic 
and defined a statistical significance difference as α < 0.05.

Statistical analyses
We used two separate models to generate unadjusted and 
adjusted prevalence estimates of HCV testing history and 
HCV treatment history, by substance use pattern. We 
used multivariable log-binomial mixed effects regression 
to calculate adjusted prevalence ratios (aPR) to measure 
the association of self-reported HCV testing and treat-
ment with substance use patterns. We implemented 
modified Poisson models with robust variances [40, 41] 
on the adjusted and unadjusted HCV treatment log-
binomial models due to non-convergence. We used the 
substance use pattern ‘no use of opioids or stimulants’ 
as the reference group. To generate PR estimates, we 
included dichotomous indicator variables for opioid use 
without stimulant use, stimulant use without opioid use, 
use of both opioids and stimulants, and use of substances 
other than opioids or stimulants. We handled missing 
data by using multiple imputation with a full conditional 
specification to impute missing values for all covariates. 
The imputation model included the outcomes of inter-
est (self-reported HCV testing and treatment), exposure 
of interest (substance use pattern), and all covariates. 
Among participants who responded to the HCV testing 
and treatment questions, 5% or less of the observations 
were missing for each variable, except for the recent use 
of a syringe services program and health insurance sta-
tus (15% and 6%, respectively). We adjusted for correla-
tion introduced by RDS clustering using a random effects 
term for each RDS chain.

In the HCV testing model, the covariates in the final 
adjustment set included: age; binge drinking in the past 
30 days; education; gender; homelessness; race/ethnicity; 
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relationship status; and transportation access. The HCV 
treatment model, which included fewer covariates due 
to a smaller sample, included age and gender in the final 
adjustment set. Injection frequency, use of a syringe ser-
vices program, engaging in substance use treatment, 
healthcare stigma, receipt of medical care, and health 
insurance were mediators in both outcome models and 
were therefore not included in the final DAG-informed 
multivariable models to avoid introducing collider bias 
[42–46]. A mediation analysis for these variables was 
outside the scope of this study. A future study that con-
ducts these analyses would be of merit and help inform 
future models.

All analyses were performed using SAS 9.4 (SAS Insti-
tute Inc., Cary, NC). The Ohio State University Institu-
tional Review Board (IRB) reviewed and deemed this 
study exempt. All ROI sites had local IRB approval.

Results
Study population
A total of 3,048 participants were enrolled in the ROI 
study. We excluded 343 for not responding to, “Have 
you ever tested for HCV before today?” (n = 339) and an 
age less than 18 years (n = 4). Our final analytical sample 
for history of HCV testing as the independent variable 
model included 2,705 participants. Participants from the 
Wisconsin and combined New England sites (Massachu-
setts, New Hampshire, and Vermont) had the greatest 

representation in the analytical sample (27% and 21%, 
respectively); West Virginia, Oregon, and Illinois were 
the least represented (6% each). Use of both opioids and 
stimulants was the most commonly reported substance 
pattern (74%), followed by stimulant-only (12%), opioid-
only (11%), and other drug use (2%).

Among 954 participants who reported having ever 
been told they “had HCV,” 10 participants had miss-
ing responses to, “Are you taking, or have you already 
finished prescription medicine to treat your HCV?” 
Therefore, the final analytical sample for history of HCV 
treatment as the dependent variable model included 944 
participants.

HCV CoC by substance use pattern
Completion of the following steps in the HCV CoC dif-
fered significantly by substance use pattern: testing, diag-
nosis, receipt of treatment, and antibody status (Fig.  1). 
Participants who reported other drug use (non-opioid, 
non-stimulant) were most likely to report past testing for 
HCV (86%), while those who reported opioid only use 
were least likely (68%). Of participants who ever received 
HCV screening, those who reported recent drug use 
other than opioids and stimulants were most likely to 
receive an HCV diagnosis (46%), followed by participants 
who reported both opioid and stimulant use (38%).

Among participants who self-reported ever receiv-
ing an HCV diagnosis, those who reported other drug 

Fig. 1  Hepatitis C virus continuum of care self-reported responses and antibody results among participants in the Rural Opioid Initiative cohort, 
2018–2020
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use had the highest prevalence of linking with a medical 
provider for potential HCV treatment (42%), followed by 
those who used opioids only (27%) and those who used 
both opioids and stimulants (26%). Participants who 
reported other drug use, only opioids, and only stimu-
lants had the highest proportions of ever having taken 
medication to treat chronic HCV (19%, 18%, and 17%, 
respectively). In comparison, only 10% of those who 
reported both opioid and stimulant use reported ever 
having received treatment.

Participants who completed HCV antibody testing at 
enrollment were most likely to use stimulants only (92%), 
compared to only half of those who reported other drug 
use (56%). As those who reported other drug use were 
the most likely to ever have been tested for HCV, these 
participants may have been less likely to complete HCV 
antibody testing at enrollment compared to their peers. 
With respect to HCV antibody positivity results captured 
at enrollment of the ROI study, those who reported opi-
oid and stimulant use had the highest prevalence of HCV 
positivity (39%), while those who reported stimulant-only 
use had the lowest prevalence (23%).

HCV testing
Characteristics of Rural Opioid Initiative Participants.

Among the 2,060 participants who reported having 
previously tested for HCV, most were male (57%), not 
in a relationship (65%), high school graduates (77%), and 
non-Hispanic White (84%) (Table 1).

Association of HCV testing with substance use patterns
In comparing the prevalence of HCV testing between 
participants’ substance use patterns, participants who 
used opioids alone were less likely to report ever hav-
ing been tested for HCV compared to participants who 
reported other drug use, although this difference was not 
statistically meaningful (aPR = 0.80; 95% CI: 0.63, 1.02) 
(Table  2). In general, there was no difference in report-
ing ever being tested for HCV between the specified sub-
stance use patterns involving opioids and/or stimulants 
compared to those who reported the use of other drugs 
in adjusted models.

HCV treatment
Characteristics of participants who self-reported history of 
HCV
Among participants who self-reported having been told 
they “had HCV” (n = 944), only 12% reported ever receiv-
ing anti-HCV medication (Table  3). Most of those who 
reported ever receiving treatment were male (53%). Use 
of both opioids and stimulants was the most reported 
substance pattern (78%), followed by only opioids (10%), 
only stimulants (9%), and other drug use (3%). The low-
est HCV treatment rates were reported in Kentucky (2%), 

Oregon (2%), Ohio (6%), and West Virginia (7%) (per-
centages not shown). In 2016, these four states, excluding 
Oregon, had Medicaid sobriety restrictions for treatment 
[47].

Association of HCV treatment with substance use patterns
We generated adjusted prevalence ratios to determine if 
HCV treatment history varied by substance use patterns 
among participants who reported ever having been told 
they had HCV (Table  4). Those who used opioids and 
stimulants were less likely to report ever taking HCV 
medication compared to those who used other drugs 
(aPR = 0.41; 95% CI: (0.19, 0.91)). There was no difference 
in the report of HCV treatment receipt between partici-
pants who reported the use of opioids or stimulants alone 
compared to their peers who used other drugs.

Discussion
In this multi-site cohort study of 2,705 people who use 
drugs in the rural United States, we found differences 
in the HCV continuum of care (CoC) by substance use 
patterns; and that participants who recently used both 
opioids and stimulants were less likely to receive HCV 
treatment, compared to participants who reported other 
(non-opioid, non-stimulant) drug use. We explored the 
associations between the steps in the HCV CoC and the 
most prevalent substance use patterns among those who 
use drugs in rural areas. The prevalence along each step 
in the HCV CoC varied and shifted by self-reported sub-
stance use pattern. We found that opioid use alone among 
rural PWUD was associated with a lower prevalence of 
prior HCV testing compared to those who reported other 
drug use, although this comparison was not statistically 
meaningful. We found that participants who use both 
opioids and stimulants had a lower prevalence of ever 
receiving HCV treatment than rural PWUD who did not 
report opioid or stimulant use. These findings may indi-
cate that those who use both opioids and stimulants may 
be less likely to engage in HCV treatment compared to 
those who report recent use of other drugs. Furthermore, 
the overall reported rate of HCV treatment completion 
among this population of rural PWUD is insufficient to 
meet the goals set by the Viral Hepatitis National Stra-
tegic Plan for the United States [48] to increase the pro-
portion of people who have cleared hepatitis C infection 
to 58% by 2025 and 80% by 2030. Rural PWUD must be 
included in national efforts to reach these goals. 

Our findings provide insights on HCV screening and 
care engagement given the shift in substance use patterns 
among rural PWUD, specifically from the “first wave” of 
the opioid epidemic that began with prescription opi-
oids to the current “fourth wave” of combined opioid and 
stimulant use [49]. Due to the significance of the opioid 
epidemic on HCV transmission, we hypothesized that 
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Table 1  Characteristics of participants in the rural opioid initiative cohort by history of hepatitis C virus testing, 2018–2020
Total HCV Testing

Received Testing Never Received 
Testing

N % N % N %
TOTAL 2705 2060 76% 645 24%
Age
  Median (IQR) 35 (28, 43) 35 (29, 43) 33 (27, 

42)
Sex
  Female 1159 43% 939 46% 220 34%
  Male 1534 57% 1111 54% 423 66%
  Transgender 7 0% 6 0% 1 0%
  Missing 5 0% 4 0% 1 0%
Highest level of education completed
  Less than high school 608 22% 424 21% 184 29%
  High school diploma/GED or above 2094 77% 1636 79% 458 71%
  Missing 3 0% 0 0% 3 0%
Marital status
  Married/living with partner 804 30% 604 29% 200 31%
  Single/divorced/ widowed/separated 1760 65% 1369 66% 391 61%
  Missing 141 5% 87 4% 54 8%
Rural Opioid Initiative Site
  Illinois 164 6% 120 6% 44 7%
  Kentucky 335 12% 246 12% 89 14%
  North Carolina 341 13% 269 13% 72 11%
  New England1 557 21% 435 21% 122 19%
  Ohio 248 9% 202 10% 46 7%
  Oregon 163 6% 131 6% 32 5%
  West Virginia 171 6% 148 7% 23 4%
  Wisconsin 726 27% 509 25% 217 34%
Substance use category, past 30 days
  Other drug use 58 2% 50 2% 8 1%
  Opioid without stimulant use 311 11% 210 10% 101 16%
  Stimulant without opioid use 328 12% 245 12% 83 13%
  Opioid and stimulant use 2008 74% 1555 75% 453 70%
Race/Ethnicity
  White, non-Hispanic 2265 84% 1745 85% 520 81%
  Hispanic/Latino, African American/Black, American 
Indian, Alaskan Native, Asian/Pacific Islander/Native 
Hawaiian, African, Other

411 15% 291 14% 120 19%

  Missing 29 1% 24 1% 5 1%
Past 30-day Binge Drinking
  Yes 1277 47% 937 45% 340 53%
  No 1394 52% 1102 53% 292 45%
  Missing 34 1% 21 1% 13 2%
Homeless, past six months
  Yes 1414 52% 1089 53% 325 50%
  No 1256 46% 949 46% 307 48%
  Missing 35 1% 22 1% 13 2%
Access to Transportation
  Yes 1661 61% 1256 61% 405 63%
  No 899 33% 705 34% 194 30%
  Missing 145 5% 99 5% 46 7%
1. Defined as Massachusetts, New Hampshire, and Vermont
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Table 2  Prevalence ratios of history of hepatitis C virus testing by substance use pattern in rural opioid initiative cohort, 2018–2020
Substance Use Pattern, past 30 days Unadjusted Adjusted

DAG-Informed Model21

PR 95% CI aPR 95% CI
Other drug use (no opioid or stimulant use) referent referent
Opioid use without stimulant use 0.78 (0.60, 1.01) 0.80 (0.63, 1.02)
Stimulant use without opioid use 0.88 (0.67, 1.14) 0.88 (0.69, 1.13)
Opioid and stimulant use 0.90 (0.70, 1.15) 0.93 (0.74, 1.16)
PR, Prevalence Ratio; aPR, adjusted Prevalence Ratio

1. Adjusted for age, binge drinking in the past 30 days, education, gender, homelessness, race, relationship status, and transportation

Table 3  Characteristics of the rural opioid initiative cohort by history of hepatitis C virus treatment, 2018–2020
Self-reported ever having HCV HCV Treatment

Received Treatment Never Received 
Treatment

N % N % N %
TOTAL 944 111 12% 833 88%
Age
  Median (IQR) 36 (29, 43.5) 42 (34, 53) 35 (29, 42)
Sex
  Female 440 47% 48 43% 392 47%
  Male 503 53% 63 57% 440 53%
  Transgender 1 0% 0 0% 1 0%
  Missing 0 0% 0 0% 0 0%
Rural Opioid Initiative Site
  Illinois 54 6% 13 12% 41 5%
  Kentucky 135 14% 3 3% 132 16%
  North Carolina 124 13% 19 17% 105 13%
  New England1 199 21% 33 30% 166 20%
  Ohio 127 13% 8 7% 119 14%
  Oregon 45 5% 1 1% 44 5%
  West Virginia 92 10% 6 5% 86 10%
  Wisconsin 168 18% 28 25% 140 17%
Substance use category, past 30 days
  No opioid or stimulant use 26 3% 5 5% 21 3%
  Opioid without stimulant use 94 10% 17 15% 77 9%
  Stimulant without opioid use 86 9% 15 14% 71 9%
  Opioid and stimulant use 738 78% 74 67% 664 80%
1. Defined as Massachusetts, New Hampshire, and Vermont

Table 4  Prevalence ratios of history of hepatitis C virus treatment by substance use pattern, rural opioid initiative cohort, 2018–2020
Substance Pattern, past 30 days Unadjusted Adjusted

DAG-Informed Model1

PR 95% CI aPR 95% CI
Other drug use (no opioid or stimulant use) referent referent
Opioid use without stimulant use 0.61 (0.22, 1.68) 0.60 (0.27, 1.32)
Stimulant use without opioid use 0.55 (0.17, 1.74) 0.55 (0.23, 1.34)
Opioid and stimulant use 0.32* (0.11, 0.95) 0.41* (0.19, 0.91)
PR, Prevalence Ratio; aPR, adjusted Prevalence Ratio

*Associated confidence interval does not include the null value (‘1’)

1. Adjusted for age and gender
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those who reported only opioid use would be most likely 
to have reported HCV screening and linkage with HCV 
care. We were surprised to note that these individuals 
were actually the least likely to report ever having been 
tested for HCV – which is the necessary first step to 
engage in anti-HCV treatment and be cured of the infec-
tion. In contrast, participants who did not recently use 
opioids or stimulants had the highest completion preva-
lence along each self-reported step of the CoC.

Despite continued recommendations to incorporate 
HCV screening in opioid use disorder treatment facilities 
[6, 50], HCV screening was inadequate among partici-
pants who used opioids or stimulants in our study popu-
lation, even though self-reported history of substance use 
treatment ranged from 68% (stimulant use only) to 82% 
(opioid use only) among participants (data not shown). 
Notably, HCV screening rates were highest among par-
ticipants who engaged in other drug use, such as gaba-
pentin, clonidine, and benzodiazepines. Higher screening 
rates for participants who engaged in other drugs, which 
consisted of prescription drugs, may reflect a higher 
engagement in care with access to screening, warrant-
ing exploration. Behaviors that might be associated with 
increased screening among this population may include 
different substance use patterns, substance use net-
works, and engagement with harm reduction resources. 
Interventions to overcome accessibility barriers to HCV 
screening and increase awareness of HCV transmission 
risks are needed to increase screening rates among those 
who use opioids or stimulants in the rural communities 
studied.

Our results may indicate two critical service delivery 
gaps among rural people who use opioids and stimu-
lants: (1) linkage with HCV treatment providers, and 
(2) linkage to HCV treatment. Those who used other 
drugs had the highest prevalence of self-reporting hav-
ing been treated for HCV, and those with recent opioid 
use had the second lowest prevalence. Among PWUD in 
Australia, those who used methamphetamine had lower 
odds of initiating HCV treatment [24]. Of PWUD in an 
Australian national survey, those who reported metham-
phetamine as the most injected drug were less likely to 
complete HCV screening than participants who mainly 
injected heroin, which may indicate that those who 
reported methamphetamine use may be less likely to 
engage in services or receive harm reduction messaging 
[51]. Expanding HCV care to primary care settings is rec-
ommended to improve treatment initiation and comple-
tion [52]. Despite the differences in Australia’s and the 
US’s healthcare systems, unique factors related to sub-
stance use patterns likely influence HCV care. Further 
research is needed to determine the causes of service 
delivery gaps such as provider and system barriers, or if 

those who use opioids and stimulants are less likely to 
seek healthcare, or both.

Multilevel social factors may be responsible for the 
lower likelihood of receiving HCV treatment among 
those who reported using both opioids and stimu-
lants compared to rural PWUD who reported no use of 
either, as well as the low overall receipt of HCV treat-
ment among the entire study sample. Historically, many 
patients were required to adhere to sobriety require-
ments to receive HCV treatment, especially those 
insured by state Medicaid programs that covered the 
majority (64%) of our study participants [47]. In 2016, of 
the states included in this study, Ohio, Kentucky, West 
Virginia, Wisconsin, Illinois, and Vermont had Med-
icaid programs that required a period of sobriety from 
drugs or alcohol, whereas Oregon, North Carolina, 
New Hampshire, and Massachusetts did not have sobri-
ety restrictions for treatment [47]. By 2020, Ohio, Ver-
mont, Massachusetts, and Wisconsin had removed their 
Medicaid sobriety restrictions [21]. Due to variations 
in Medicaid sobriety requirements among states in the 
New England ROI site, unmeasured differences in HCV 
treatment may have minimally biased and reduced the 
magnitude of association between substance use pattern 
and receipt of HCV treatment. Despite changes to the 
Medicaid sobriety requirements, disparities in receiving 
HCV treatment persist [15, 53, 54]. At the societal level, 
a misalignment may exist between policy and practice 
(i.e., policy uptake) among HCV treatment providers. 
In circumstances where no treatment restrictions exist, 
providers may withhold HCV treatment due to miscon-
ceptions about treatment adherence or until PWUD first 
receive Medicaid-assisted therapy [55, 56]. These low 
treatment rates may indicate persistent bias and stigma-
tizing beliefs towards PWUD among HCV treatment 
providers and staff due to perceiving behaviors of manip-
ulation, violence, and poor motivation compared to non-
PWUD patients, while lacking adequate training to serve 
PWUD [55, 57]. Individual level factors of those who use 
both opioids and stimulants may also likely contribute to 
their lower prevalence of HCV treatment. These factors 
may include apathy towards a health problem (i.e., HCV) 
that does not feel as immediate as competing priorities 
such as homelessness and managing withdrawals [58, 59] 
or the need to reduce their polysubstance use to a sin-
gle substance prior to initiating HCV treatment [60]. A 
multilevel approach is likely required to eliminate gaps 
in HCV service among rural PWUD, such as the removal 
of prior authorization requirements and additional state-
level Medicaid restrictions [61], eradicating provider 
stigma towards PWUD, improving linkage to treatment, 
and addressing short-term needs of PWUD to improve 
HCV knowledge retention and motivation for treatment 
initiation are all imperative to reverse the HCV epidemic.
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It is important, both clinically and for public health, to 
continue studying the relationship between substance 
use patterns and HCV care to address unique barriers 
to care and prevent ongoing transmission. We cannot 
confirm the effect of substance use patterns on the HCV 
CoC as the data were not constructed to include tempo-
rality (i.e., longitudinally), nor can we accurately evaluate 
if substance use patterns affect the healthcare-seeking 
behaviors of HCV screening and treatment. Our findings 
related to non-injection drug use of stimulants and other 
drugs are limited by the study’s eligibility criteria of any 
opioid use, regardless of route, and those who reported 
injection of any substance. This likely led to exclusions of 
people who used substances other than opioids without 
injection in our analyses, potentially biasing our results 
towards rural PWUD with reported opioid use. Similarly, 
based on the eligibility criteria, participants who reported 
non-opioid use may be more likely to report recent injec-
tion drug use. In general, most of our sample included 
participants with a reported history of injection drug use 
(92%) and within the past 30 days (86%) (data not shown). 
Our results are also limited by the self-reporting of sub-
stance use pattern classifications, as those who reported 
only opioid, stimulant, or other drug use may have unin-
tentionally engaged in polysubstance use of one or more 
other substances. Further, the ROI cohort includes a 
geographically diverse sample of rural counties, but still, 
our results may not be generalizable to all rural U.S. com-
munities. We found that participants who only used 
stimulants were the least likely to report seeing a medi-
cal provider for HCV, while those who used both opioids 
and stimulants were the least likely to report receipt of 
HCV treatment. In the context of tailoring clinical care to 
a patient’s substance use pattern, rapid HCV care may be 
more critical for those who use stimulants and opioids, 
as this population may use more frequently compared to 
those who use either substance alone [62]. Also, there are 
no FDA-approved medication assisted treatment options 
for stimulants [63], and there is a greater likelihood of 
overlap with other potential risks for transmission, such 
as sharing drug use equipment [64] and engaging in 
unprotected sex [65]. From a medical care perspective, 
it needs to be determined if HCV treatment providers 
in rural communities are not adhering to treatment poli-
cies by refusing treatment to those who use both opioids 
and stimulants or if the participants who use both are less 
likely to engage in care. Examining both factors would 
help inform public health efforts, particularly in rural set-
tings with sparse HCV care resources [4].

Using a recruitment method based on RDS may have 
introduced selection bias [66]. While we cannot mitigate 
this limitation, this may have introduced a bias similar to 
the ‘healthy worker’ bias, meaning those who enrolled in 
this study were open to meeting with a research team to 

improve health outcomes for PWUD in their community 
and may be more likely to seek medical care or engage in 
behaviors to improve their health, compared to partici-
pants who did not use the local syringe services program 
or attend community events. If this selection bias is pres-
ent, it may have influenced the HCV CoC proportions to 
be higher than in the rural PWUD population. Further, 
this selection bias would not impact our comparisons 
between those who did and did not engage in HCV test-
ing and treatment by substance use pattern. Selection 
bias may have also been introduced in the HCV CoC, as 
those who reported other drug use were the most likely 
to ever have been tested for HCV, likely leading to a 
lower prevalence of HCV antibody testing at enrollment 
compared to their peers.

Conclusions
Our study described the differences in the HCV CoC 
by substance use pattern among rural PWUD in 10 U.S. 
rural communities. The history of HCV testing var-
ied significantly by substance use pattern among rural 
PWUD, and those who reported only opioid use were the 
least likely to report ever being tested for HCV. We also 
found that rural PWUD who reported ever having been 
told they had HCV and who recently used both opioids 
and stimulants were less likely to report ever receiving 
HCV medication compared to rural PWUD who did not 
report recent use of opioids or stimulants. The next steps 
should include a more in-depth evaluation of the barriers 
to HCV treatment among those who use both stimulants 
and opioids and longitudinal studies to discern the effect 
of substance use patterns on the HCV CoC.
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