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Abstract

Background: The growing epidemic of opioid use disorder (OUD) and associated injection drug use has resulted in a surge of
new hepatitis C virus (HCV) infections. Approximately half of the people with HCV infection are unaware of their HCV status.
Improving HCV awareness and increasing screening among people with OUD are critical. Addiction-Comprehensive Health
Enhancement Support System (A-CHESS) is an evidence-based, smartphone-delivered relapse prevention system that has been
implemented among people with OUD who are receiving medications for addiction treatment (MAT) to improve long-term
recovery.

Objective: We incorporated HCV-related content and functionality into A-CHESS to characterize the HCV care continuum
among people in early remission and receiving MAT for OUD and to determine whether incorporating such content and functionality
into A-CHESS increases HCV testing.

Methods: HCV intervention content, including dissemination of educational information, private messages tailored to individuals’
stage of HCV care, and a public discussion forum, was implemented into the A-CHESS platform. Between April 2016 and April
2020, 416 participants with OUD were enrolled in this study. Participants were randomly assigned to receive MAT alone (control
arm) or MAT+A-CHESS (experimental arm). Quarterly telephone interviews were conducted from baseline to month 24 to assess
risk behaviors and HCV testing history. Cox proportional hazards regression was used to assess whether participants who used
A-CHESS were tested for HCV (either antibody [Ab] or RNA testing) at a higher rate than those in the control arm. To assess
the effect of A-CHESS on subsets of participants at the highest risk for HCV, additional analyses were performed to examine the
effect of the intervention among participants who injected drugs and shared injection equipment.

Results: Overall, 44.2% (184/416) of the study participants were HCV Ab positive, 30.3% (126/416) were HCV Ab negative,
and 25.5% (106/416) were considered untested at baseline. At month 24, there was no overall difference in HCV testing uptake
between the intervention and control participants. However, among the subset of 109 participants who engaged in injection drug
use, there was a slight trend toward increased HCV testing uptake among those who used A-CHESS (89% vs 85%; hazard ratio:
1.34; 95% CI 0.87-2.05; P=.18), and a stronger trend was observed when focusing on the subset of 32 participants who reported
sharing injection equipment (87% vs 56%; hazard ratio: 2.92; 95% CI 0.959-8.86; P=.06).
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Conclusions: Incorporating HCV prevention and care information into A-CHESS may increase the uptake of HCV testing
while preventing opioid relapse when implemented among populations who engage in high-risk behaviors such as sharing
contaminated injection equipment. However, more studies that are powered to detect differences in HCV testing among high-risk
groups are needed.

Trial Registration: ClinicalTrials.gov NCT02712034; https://clinicaltrials.gov/ct2/show/NCT02712034

International Registered Report Identifier (IRRID): RR2-10.2196/12620

(JMIR Mhealth Uhealth 2021;9(2):e23080) doi: 10.2196/23080
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Introduction

Prescription and illicit opioid addiction are a growing public
health problem in the United States [1]. In 2016, an estimated
2.1 million people had an opioid use disorder (OUD) [2], and
more than 47,000 people died from overdosing on opioids [3],
killing more Americans each day than motor vehicle car crashes
[4]. The growing opioid epidemic and associated injection drug
use have also resulted in a surge of new hepatitis C virus (HCV)
infections [5-7]. With injection drug use being the primary risk
factor for transmission and the leading cause of incidence [8],
HCV infection is now the most common chronic blood-borne
infection in the United States, surpassing all other nationally
notifiable infectious diseases combined [9]. From 2004 to 2014,
the incidence rate of acute HCV infection increased by 400%,
and admission for opioid injection increased by 622% among
young Americans [7].

Effective medications are available for the treatment of both
OUD and HCV infection. Medications for Addiction Treatment
(MAT) are Food and Drug Administration–approved,
evidence-based prescription medications used to assist people
in recovery from opioid addiction by relieving withdrawal
symptoms and physiological cravings [10]. Despite the
availability of these effective treatments for OUD, uptake
remains low [11]. Moreover, highly effective, well-tolerated,
direct-acting antiviral agents are now available for the treatment
of HCV, which provide a sustained virologic response (SVR,
ie, a cure) in more than 90% of treated patients in as little as 8
weeks [12-14]. These medications provide hope for eliminating
HCV; however, only a small proportion of infected individuals
have received treatment [15]. One study that examined HCV
treatment uptake among patients who received MAT found that
among those aware of their infection, only 14% had received
HCV treatment [16]. Exacerbating this problem is the fact that
approximately half of the HCV-infected individuals are unaware
of their infection [17]. Expanding both addiction and HCV
screening, treatment, and prevention services are urgently
needed in response to the record number of new HCV infections
driven by the opioid crisis.

Addiction treatment regimens vary considerably depending on
the substances used, comorbidities, severity of substance use
disorder, and individual preferences. However, the most
effective treatments for individuals with OUD uniformly include
a combination of MAT, counseling, and access to other
behavioral health services and social supports [18-20]. The

Addiction-Comprehensive Health Enhancement Support System
(A-CHESS), developed at the University of Wisconsin, is a
smartphone app designed to improve recovery from addiction
by offering a bundle of services that address the various
challenges often encountered during recovery. A-CHESS
provides communication with peers and addiction experts,
reminders and alerts to encourage therapeutic goals, educational
material, and other support services to patients. In an effort to
improve long-term recovery from OUD, our research team
conducted a randomized controlled trial (RCT) that paired
A-CHESS with MAT [21].

MAT alone is associated with an estimated 50% reduction in
the risk of acquiring HCV [22]. Combining MAT with harm
reduction information and services may further reduce one’s
chances of acquiring HCV. A systematic review that examined
the effect of combining MAT with high-coverage needle and
syringe programs found an estimated 74% reduction in HCV
infection [22]. Our research team previously designed and pilot
tested a computerized intervention to reduce risky injection
practices and improve screening for HCV among people who
inject drugs [23]. The results from this pilot study suggest that
the intervention may reduce the harms of sharing of injection
equipment and increase HCV screening [24]. We integrated
content and functionality from this computerized intervention
into A-CHESS to provide people with OUD who are receiving
MAT and addiction counseling access to tailored HCV
prevention and care resources.

Methods

Overall Objectives
The primary goal of the RCT was to assess whether A-CHESS
can prevent relapse among people with OUD who are in early
remission and receiving MAT. Individuals with diagnosed OUD
of at least moderate severity who were receiving addiction
treatment at 3 centers in Massachusetts and Wisconsin were
randomly assigned in a 1:1 ratio to receive either MAT alone
(control arm) or MAT+A-CHESS (experimental arm). A
web-based tool was used to generate a sequence of random
assignments in blocks of 16 subjects, stratified on recruitment
site, gender, and type of MAT. Each assignment was associated
with a unique study ID number. The electronic randomization
lists were managed by the project director and stored in a secure
location in the center’s shared drive. When subjects completed
baseline, they received the next available assignment and study
ID on the appropriate randomization list, the group assignment
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was recorded in Research Electronic Data Capture (REDCap)
[25], and the site coordinator was informed by phone or email.

We developed and implemented HCV intervention content
within the A-CHESS platform to simultaneously evaluate
whether A-CHESS improves secondary outcomes related to the
HCV care continuum. The objectives of this study were to
characterize the HCV care continuum among people in recovery
for OUD and to determine whether incorporating HCV-related
content and functionality into the A-CHESS system increases
HCV testing. Participants were followed for 24 months.

Overview of the A-CHESS System
A-CHESS contains multiple services designed to address several
types of challenges facing people with addiction. Key A-CHESS
services include a call for help function, cognitive behavioral
therapy boosters, a GPS location tracker for avoiding high-risk
locations and finding 12-step meeting locations, games, and
audio- and video-based relaxation recording, tailored coping
support, and coach-monitored discussion groups. A-CHESS
provides a platform for people with OUDs to interact with peers
and trained counselors, obtain educational information, and
provide participant-level data. These existing features were used
to collect data on participants’ HCV risk behaviors and history
of HCV care and deliver behavior change interventions tailored
to patients’ self-reported stage of HCV care. The study design,
recruitment, eligibility, screening process, and addiction-related
services incorporated into A-CHESS have been described in
the RCT’s published protocol [21].

HCV Intervention Content and Functionality
The HCV intervention content included dissemination of
educational information, private messages tailored to
individuals’ stage of HCV care, and a public discussion forum.
The educational content is housed within the Information tab
of A-CHESS and provides answers to HCV-related frequently
asked questions and links to factsheets developed by the Centers
for Disease Control and Prevention. HCV screening and
treatment resources in the individual’s community are provided,
along with news articles and videos related to the co-occurring
epidemics of opioid injection and infectious diseases.

The private messaging feature of A-CHESS is used by study
personnel to send tailored messages related to filling gaps in
the HCV care continuum. Private messaging conversations
began by delivering participants in each HCV stage of care a
standardized message pertaining to their current stage of care.
Subsequent messages were then guided by each individual’s

unique response but toward the same goal of helping each
individual advance appropriately along the HCV care
continuum.

A discussion board, named Staying Healthy, was also developed,
which provides a forum for participants to ask infectious
disease–related questions, share HCV treatment experiences,
and discuss barriers to testing and treatment. HCV research staff
also engage in these conversations to remind A-CHESS users
of the importance of being tested for HCV, encourage healthy
behaviors, and stimulate discussion related to such topics. A
detailed description of the HCV intervention components and
functionality has been previously described [26].

Data Collection
For 2 years, study participants in both the intervention and
control arms completed telephone interviews with 1 of 2 study
coordinators at baseline and at quarterly intervals (months 4, 8,
12, 16, 20, and 24). At each of these time points, data were
collected on illicit opioid use, other nonprescribed substance
use, quality of life, retention in treatment, health service use,
injection drug use risk behaviors, and HIV and HCV outcomes.
Participants were asked whether they had been tested for HCV,
the type of test they received (antibody [Ab] test or RNA test),
and the date and result of their last test, and if positive, linkage
to care and HCV treatment initiation or completion were
assessed. A text field, labeled the comment field, was available
on all surveys for interviewers to enter comments pertaining to
the individual’s HCV stage of care if they shared additional
details. For example, interviewers use the comment field to
record whether the individual was approximating the date of
their last HCV test or whether they expressed uncertainty
regarding the type of testing they had received. Each phone
interview lasted approximately 20 to 30 min. Surveys were
identified by a study ID and stored in REDCap [25].

Characterizing the HCV Care Continuum
To characterize the HCV care continuum for this study
population at baseline, participants were assigned 1 of 7
mutually exclusive stages of HCV care using the criteria
specified in Table 1 from the baseline survey. These stages take
into consideration the type of test received (Ab or RNA test),
test result (positive or negative), and how long ago they were
tested.

At each quarterly follow-up interview, their stage of HCV care
was updated to one of the stages in Table 2 if their survey
answers met the specified criteria.
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Table 1. Criteria for assigning hepatitis C virus stages of care at baseline: Addiction-Comprehensive Health Enhancement Support System Study,
2016-2020.

Criteria for assigning stage of care based on baseline survey answersHCVa stage of care

If they (1) have never been tested for HCV, (2) do not know whether they have ever been
tested, (3) do not know the result of their last HCV test, or (4) it has been over a year

since their last HCV RNA negative testb

HCV untested

If they tested HCV Ab negative in the past yearHCV Abc−

If they ever tested HCV Ab positive and have not received an RNA confirmatory testHCV Ab+ no RNA test

If they ever tested HCV Ab positive, tested RNA negative in the past year, and have
never received HCV antiviral therapy

HCV Ab+ RNA− (ie, “cleared”)

If their last RNA test was positive and they have either (1) never received HCV antiviral
therapy or (2) received HCV antiviral therapy in the past and either experienced treatment
failure or were reinfected

HCV Ab+ RNA+

If they are currently receiving HCV antiviral therapyCurrently on treatment

If they received HCV antiviral therapy and have been told by a medical professional that
they were successfully cured of HCV

Achieved SVRd (ie, “cured”)

aHCV: hepatitis C virus.
bNote about criteria (4): if an individual tested RNA negative, spontaneously cleared the virus without treatment, or was cured with treatment over 1
year ago and had not received an RNA negative test in the past year, they were considered HCV untested. This logic was chosen to ensure that the HCV
intervention delivered recommendations for retesting to these participants.
cAb: antibody.
dSVR: sustained virologic response.

Table 2. Criteria for updating hepatitis C virus stages of care at months 4, 8, 12, 16, 20, and 24: Addiction-Comprehensive Health Enhancement Support
System Study, 2016-2020.

Criteria for updating HCV stage of careHCVa stage of care

If they were previously considered HCV untested and have tested HCV Abb negative
since the last survey

HCV Ab−

If they tested HCV Ab positive since the last survey and have not received an RNA con-
firmatory test

HCV Ab+ no RNA test

If they ever tested HCV Ab positive, tested HCV RNA negative since the last survey,
and have not received HCV antiviral therapy

HCV Ab+ RNA− (ie, “cleared”)

If they tested HCV RNA positive since their last survey and have not received HCV an-
tiviral therapy since the RNA positive test

HCV Ab+ RNA+

If they are currently receiving HCV antiviral therapyCurrently on treatment

If they received HCV antiviral therapy and have been told by a medical professional that
they were successfully cured of HCV

Achieved SVRc (ie, “cured”)

aHCV: hepatitis C virus.
bAb: antibody.
cSVR: sustained virologic response.

If none of the conditions in Table 2 were met at the follow-up
interview, the individual’s HCV stage remained the same as it
was in the previous interview. If interviewers provided any
comments in the comment field indicating the participant should
have been in a stage of HCV care different than this logic
assigned, the stage was manually altered accordingly. We have
characterized the HCV care continuum for this population by
reporting the number of participants in each stage of HCV care
at all 7 time points.

Measures and Statistical Analysis
Baseline descriptive characteristics were assessed to describe
the study population in terms of age, age of first opioid use,
gender, race or ethnicity, educational attainment, employment
status, marital status, HIV comorbidity, mental health conditions,
prescribed MAT, and HCV status. Differences in baseline
sociodemographic characteristics between the intervention and
control groups were assessed using Pearson chi-square or Fisher
exact tests for categorical variables and the two-sample unpaired
t test or Wilcoxon rank-sum test for continuous variables.
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The primary outcome of interest was days to any HCV test (Ab
or RNA test), which was calculated as the number of days
between the date of study enrollment and the first reported Ab
or RNA HCV test. Cox proportional hazards regression was
used to compare the time to HCV testing uptake between the
intervention and control arms. Participants with no reported
HCV test who were lost to follow-up were censored at the time
of their last quarterly interview, and those who did not receive
an HCV test and completed the 24-month interview were
administratively censored. As injection drug use is the primary
risk behavior driving HCV transmission, 2 additional Cox
proportional hazard models were used to assess the effect of
A-CHESS on subsets of participants at the highest risk for HCV,
including (1) participants who injected drugs and (2) participants
who shared injection equipment with another person.
Participants were determined to have injected drugs or shared
injection equipment if they reported previously (past 4 months)
conducting the behavior on the survey, or any survey before,
in which they reported HCV testing or were censored. As
individuals’ HCV stage of care likely influenced whether they
received follow-up testing and how quickly, all analyses adjusted
for baseline stage of HCV care, using the stages defined in Table
1. Kaplan-Meier survival curves were created for each risk
group to visualize differences in time to HCV testing between
intervention and control participants. An intention-to-treat
approach was used.

For each time point, we also describe the mean number of days
in the previous 4 months that participants in the intervention
group used the A-CHESS app. To determine whether
engagement with the A-CHESS app was different for higher-risk
participants, we conducted negative binomial regression
analyses, with cluster robust standard errors to adjust for the
nonindependence of observations within persons over time, to
compare app use (ie, the number of days they used the app in
the 4 months before each survey) between (1) those who injected
drugs and those who did not and (2) those who shared injection
equipment and those who did not.

All analyses were conducted using Stata version 16 (StataCorp),
and statistical significance was determined using α≤.05.

Results

Demographic Characteristics
Between April 2016 and April 2018, 416 participants enrolled
in the A-CHESS study and completed the baseline survey; 207
were randomly assigned to the control arm and 209 were
assigned to receive A-CHESS. Follow-up was completed for
the following number of participants: 382.7% (44/416) at month
4, 79.3% (330/416) at month 8, 72.6%, (302/416) at month 12,
70.4% (293/416) at month 16, 61.8% (257/416) at month 20,
and 63.9% (266/416) at month 24. There were no significant
differences between the initial sample of 416 participants and
the final sample of 266 participants (Multimedia Appendix 1).

The baseline descriptive characteristics of the sample are
displayed in Table 3. The sample comprised 85.8% (357/416)
of non-Hispanic White people and 54.8% (228/416) male
participants. The mean age of the participants was 37 (SD 10)
years. Of the 416 study participants, 285 (68.5%) had a high
school diploma, General Educational Development, or higher
degree, and 101 (24.3%) reported being currently employed for
wages. Mental health illnesses affected 70.4% (293/416) of the
participants, with the most common diagnoses being depression
(218/416, 52.4%), anxiety (215/416, 51.7%), posttraumatic
stress disorder (121/416, 29.1%), and bipolar or manic
depression (108/416, 26.0%). Overall, 0.01% (4/416) of the
participants were HIV positive.

The majority of the sample (302/416, 72.6%) was receiving
methadone at the time of enrollment, and heroin was the most
commonly used opioid. The average age of participants at first
opioid use was 21 (SD 7) years, and 39.4% (164/416) of the
participants reported that regular opioid use began through a
doctor’s prescription. Of the 95 participants who reported using
a needle and syringe to inject drugs in the month before study
enrollment, 22% (21/95) reported someone else had used their
needle after they had used it and 10% (9/95) of the participants
reported using a needle after someone else had already used it.
There were no significant differences in baseline characteristics
between those assigned to the 2 study arms.
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Table 3. Baseline characteristics, by intervention group (N=416): Addiction-Comprehensive Health Enhancement Support System Study, 2016-2020.

P valueIntervention (n=209)Control (n=207)CategoryCharacteristics

Enrollment site, n (%)

—b0 (0)2 (1)N/AaWisconsin

—4 (1.9)5 (2.4)N/AMassachusetts Clinic 1

—204 (97.6)200 (96.6)N/AMassachusetts Clinic 2

.7337.4 (10.2)37.0 (9.9)N/AAge (years), mean (SD)

.4520.5 (6.9)21.1 (7.5)N/AAge of first opioid use (years), mean (SD)

Gender, n (%)

.91114 (54.5)114 (55.1)N/AMale

—95 (45.5)93 (44.9)N/AFemale

Race, n (%)

.10200 (95.7)190 (91.8)N/AWhite

—9 (4.3)17 (8.2)N/ANon-White

Ethnicity, n (%)

.46187 (89.5)190 (91.8)N/ANon-Hispanic or Latino

—21 (10)17 (8.2)N/AHispanic or Latino

Highest education level, n (%)

.7568 (32.5)63 (30.4)N/ALess than high school

—76 (36.4)86 (41.5)N/AHigh school diploma or General Educational Development

—56 (26.8)50 (24.2)N/ASome college or 2-year degree

—9 (4.3)8 (3.9)N/A4-year college degree or more

.2356 (26.8)45 (21.7)YesCurrently employed, n (%)

Marital status, n (%)

.1996 (45.9)82 (39.6)N/ASingle

—113 (54.1)125 (60.4)N/AHas a spouse or partner

>.992 (1)2 (1)YesDiagnosed with HIV, n (%)

.41151 (72.2)142 (68.6)YesDiagnosed with mental health illness other than substance use disorder,
n (%)

Current medications for addiction treatment, n (%)

>.9912 (5.7)12 (5.8)N/AVivitrol

—46 (22)44 (21.3)N/ASuboxone

—151 (72.2)151 (72.9)N/AMethadone

HCVc status, n (%)

.5658 (27.8)51 (24.6)N/AHCV Untested

—91 (43.5)87 (42)N/AHCV Abd positive

—60 (28.7)69 (33.3)N/AHCV Ab negative

.6050 (23.9)45 (21.7)YesInjected drugs, n (%)

.1016 (7.7)8 (3.9)YesShared injection equipment, n (%)

aN/A: not applicable.
bP value was not calculated when n=0.
cHCV: hepatitis C virus.
dAb: antibody.
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A-CHESS Use
The use of A-CHESS decreased over time. Among participants
in the intervention arm who completed the 4-month survey, the
mean number of days between baseline and month 4 that
A-CHESS was used was 30 days. The mean number of days
A-CHESS was used between further time points were as follows:
19 days between months 4 and 8, 17 days between months 8
and 12, 15 days between months 12 and 16, 7 days between
months 16 and 20, and 3 days between months 20 and 24. There
was no significant difference in the mean number of days
A-CHESS was used between (1) those who injected drugs and
those who did not (odds ratio [OR] 1.06, 95% CI 0.875-1.37;
P=.43) and (2) those who shared injection equipment and those
who did not (OR 1.08, 95% CI 0.767-1.52; P=.66).

Characterizing the HCV Care Continuum
The number of participants in each stage of the HCV care
continuum at all time points is presented in Table 4 (Multimedia
Appendix 2 visually presents these results for the selected
stages). Overall, 25.5% (106/416) of the study population was

considered HCV untested, 30.3% (126/416) were HCV Ab
negative, and 44.2% (184/416) were HCV Ab positive at
baseline. From baseline to month 24, there was a trend toward
a more favorable HCV care continuum overall. The proportion
of participants untested at each quarterly interview appeared to
decrease over time, from 25.5% (106/416) at baseline to 3.4%
(9/266) at month 24. Similarly, the proportion of HCV
Ab-positive participants who had not received an RNA test
appeared to decrease over time, from 5.3% (22/416) at baseline
to 2.3% (6/266) at month 24, and the proportion of participants
achieving SVR appeared to increase over time, from 7.5%
(31/416) to 18.4% (49/266). In addition, as HCV untested
participants underwent HCV testing throughout the duration of
the study, the proportion of participants considered HCV
Ab-negative increased over time, from 30.3% (126/416) at
baseline to 48.9% (130/416) at month 24. There were no
significant differences in the number of participants in each
stage of HCV care when comparing those who used A-CHESS
with those in the control group over time (Multimedia Appendix
3).

Table 4. Number of participants in each stage of the hepatitis C virus care continuum at baseline and each follow-up: Addiction-Comprehensive Health
Enhancement Support System Study, 2016-2020.

Value n (%)HCVa stage of care

Month 24
(n=266)

Month 20
(n=257)

Month 16
(n=293)

Month 12
(n=302)

Month 8
(n=330)

Month 4
(n=344)

Baseline
(n=416)

9 (3.4)17 (6.6)31 (10.6)45 (14.9)59 (17.9)72 (20.9)106 (25.5)HCV untested

130 (48.9)115 (44.7)129 (44)122 (40.4)118 (35.8)111 (32.3)126 (30.3)HCV Abb−

6 (2.3)3 (1.2)0 (0)1 (0.3)6 (1.8)10 (2.9)22 (5.3)HCV Ab+ no RNA
test

27 (10.2)25 (9.7)26 (8.9)22 (7.3)25 (7.6)26 (7.6)26 (6.3)HCV Ab+ RNA− (ie,
“cleared”)

43 (16.2)49 (19.1)55 (18.8)64 (21.2)72 (21.8)85 (24.7)103 (24.8)HCV Ab+ RNA+

2 (0.8)3 (1.2)5 (1.7)4 (1.3)9 (2.7)10 (2.9)2 (0.5)Currently on treat-
ment

49 (18.4)45 (17.5)47 (16)44 (14.6)41 (12.4)30 (8.7)31 (7.5)Achieved SVRc (ie,
“cured”)

aHCV: hepatitis C virus.
bAb: antibody.
cSVR: sustained virologic response.

Effect of A-CHESS on HCV Testing
Among the 364 participants who completed at least one
follow-up interview by month 12, 66.2% (241/364) had received
any (Ab or RNA) HCV test. By month 24, 86.3% (314/364)
had been tested for HCV. There was no difference in receipt of
an HCV test between intervention and control participants

overall, where 66.0% (122/185) and 66.5% (119/179) received
testing by month 12, and 85.4% (158/185) and 87.2% (156/179)
received testing by month 24, respectively. Kaplan-Meier curves
demonstrating the time to HCV testing among all study
participants, by randomization group, are presented in Figure
1.
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Figure 1. Time to hepatitis C virus test among all study participants, by randomization group: Addiction-Comprehensive Health Enhancement Support
System Study, 2016-2020. Hazard ratio: 1.01; 95% CI 0.807-1.26; P=.95; n=364. HCV: hepatitis C virus.

Of the 364 study participants who completed at least one
follow-up interview, 34.1% (124/364) were considered to have
injected drugs in the 4 months before either the baseline or any
follow-up survey (70/185, 37.8%, in the intervention arm and
54/179, 30.2%, in the control arm). Of the 124 participants, 15
were excluded from the analysis because they did not report the
risk of injecting drugs before undergoing HCV testing. Among
the 109 participants who injected drugs and were included in
the analysis (63 in the intervention arm and 46 in the control

arm), 89% (56/63) of the participants in the intervention arm
received an HCV test after injection reporting compared with
85% (39/46) in the control arm. Although not statistically
significant, there is a trend toward an increased rate of HCV
testing among intervention participants. Compared with those
in the control group who injected drugs, the rate of HCV testing
among those who injected drugs and used A-CHESS was 1.34
times higher (hazard ratio: 1.34; 95% CI 0.87-2.05; P=.18;
Figure 2).
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Figure 2. Time to hepatitis C virus test among people who injected drugs, by randomization group: Addiction-Comprehensive Health Enhancement
Support System Study, 2016-2020. Hazard ratio: 1.34; 95% CI 0.87-2.05; P=.18; n=109. HCV: hepatitis C virus.

Of the 364 study participants who completed at least one
follow-up interview, 11.5% (42/364) were considered to have
shared injection equipment with another person in the 4 months
before either the baseline or any follow-up survey (28/185,
15.1%, in the intervention arm and 14/179, 7.8%, in the control
arm). Of the 42 participants, 10 were excluded from the analysis
because they did not report the risk of sharing injection
equipment before undergoing HCV testing. Among the 32
participants who shared injection equipment and were included

in the analysis (23 in the intervention arm and 9 in the control
arm), 87% (20/23) of the participants in the intervention arm
received an HCV test after reporting sharing, compared with
56% (5/9) in the control arm. Further approaching statistical
significance, the rate of HCV testing among those who shared
equipment and used A-CHESS was 2.92 times higher than the
rate among those in the control group who shared equipment
(hazard ratio: 2.92; 95% CI 0.959-8.86; P=.06; Figure 3).
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Figure 3. Time to hepatitis C virus test among people who shared injection equipment, by randomization group: Addiction-Comprehensive Health
Enhancement Support System Study, 2016-2020. Hazard ratio: 2.92; 95% CI 0.959-8.86; P=.06; n=32. HCV: hepatitis C virus.

Discussion

Principal Findings
The goal of this study was to understand the HCV care
continuum for people with OUD who are in early remission and
receiving MAT and to determine whether implementing
HCV-related content and functionality into the evidence-based
A-CHESS system may improve HCV outcomes for this
population. We found that 44.2% (184/416) of the participants
were HCV Ab positive at baseline, indicating that nearly half
of the study population had been exposed to the virus at some
point before study enrollment. An overall improvement in the
HCV care continuum between baseline and month 24 was
observed, where a smaller proportion of participants were
untested and a higher proportion had tested HCV negative and
achieved SVR. These trends appeared among both intervention
and control participants, suggesting that there may be external
factors influencing changes in the HCV care continuum.

Among the entire study population, we did not observe a
difference in HCV testing uptake between those who used
A-CHESS and those who did not. However, when focusing on
the subset who engaged in injection drug use, there was a slight
trend toward increased HCV testing uptake among those who
used A-CHESS (89% vs 85%), and a stronger trend was
observed when focusing on those who reported sharing injection
equipment with another person (87% vs 56%). These results

suggest that A-CHESS may increase HCV testing rates if
targeted at those with the highest risk of infection: those who
share contaminated injection equipment. The intervention likely
had no effect on HCV testing uptake among people who had
not injected drugs because those participants are at a
significantly lower risk of contracting HCV. Future studies that
are powered to detect differences in HCV testing among these
highest-risk groups are needed.

Limitations
A limitation of this study was that the surveys asked if people
injected drugs in the 30 days before the survey and shared
injection equipment in the 4 months before the survey. The fact
that these surveys did not ask whether individuals ever injected
drugs or ever shared injection equipment, coupled with the fact
that more participants were HCV Ab positive at baseline (n=184)
than those who reported injecting drugs (n=124), suggests that
we underestimated the number of participants who engaged in
these behaviors and who may be at high risk for HCV. In
addition, the number of people achieving subsequent steps of
the HCV care continuum (eg, linkage to care, and treatment
initiation) in this study, particularly among high-risk participants
such as those who share injection equipment, limited our ability
to test the effect of A-CHESS on these important stages of care.

The logic used to assign participants an HCV stage of care at
each time point (Tables 1 and 2) allowed us to best characterize
the HCV care continuum after each quarterly interview;

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e23080 | p. 10https://mhealth.jmir.org/2021/2/e23080
(page number not for citation purposes)

Hochstatter et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


however, this logic does have limitations because of the complex
nature of the disease. Staging the disease in this manner did not
allow us to estimate reinfection or HCV treatment failure
experiences. In addition, this logic allows participants to advance
to the latest stage, achieving SVR, during the study period if
they had received treatment before the study but had not
undergone RNA testing in the year before enrollment and then
received an RNA negative test during the study period. Further
analysis is required to estimate how many participants were
cured during the study versus before the study.

Our team experiences enrollment challenges at 2 of the 3
addiction treatment centers, primarily because of limited
staffing. Owing to these enrollment challenges, 97% of
participants were recruited from 1 center in the state of
Massachusetts, limiting the generalizability of this study. The
primary treatment center is located in an urbanized area with a
population size of approximately 89,000 residents [27], where
HCV testing services may be more accessible than in rural
communities. As suburban and rural communities have been
disproportionately affected by the opioid crisis [28-30] and
many HCV outbreaks concentrated in rural communities have
been detected [31-33], understanding how A-CHESS serves
communities with fewer resources for prevention and treatment
is needed. Furthermore, only 2 participants were recruited in
the state of Wisconsin. These participants may face unique
barriers and facilitators to HCV testing compared with residents
of Massachusetts; however, the results described in this paper
did not change when the 2 Wisconsin residents were excluded.

Another limitation of this study is the use of self-report. The
ability of HCV to spontaneously clear without antiviral therapy
and the varying levels of clinical testing (eg, HCV Ab, HCV
RNA, and tests to evaluate liver damage) complicates the
disease, making it difficult for laypersons to understand their
exact HCV stage of care. Prior studies have identified significant

gaps in knowledge of HCV among people who inject drugs,
particularly with respect to transmission risks, symptoms and
clinical markers, and treatment options [34-36]. This study
would have been strengthened if serologic confirmation of HCV
could have been obtained. Likewise, participants often had
difficulty remembering the exact date of their last HCV test.
Consequently, most test dates were estimated.

Strengths
As mobile health (mHealth) innovations continue to emerge
and evolve, the opportunity to address complex, comorbid health
conditions on a larger scale grows. To our knowledge, this is
the first study to combine an addiction intervention with an
HCV intervention to simultaneously address opioid dependence,
risky injection behaviors, and HCV infection among people
with OUD using a single mHealth app. In addition to the novelty
of this intervention, many aspects of the design and analysis
strengthened this study. By randomizing participants to the
intervention and control arms, the chances of bias because of
confounding factors and selection bias have been reduced. In
addition, the intention-to-treat analysis maintains the advantages
of random assignment and accounts for the fact that some
participants assigned to the A-CHESS intervention may have
used the app minimally or not at all.

Conclusions
The prevalence of OUD and associated HCV infections has
escalated in the United States. Advancements in mHealth
technology offer the opportunity to provide information and
services for the treatment of both OUD and HCV infection
simultaneously. When implemented among populations who
engage in high-risk behaviors such as sharing injection
equipment, the HCV-enhanced A-CHESS intervention may
increase awareness of HCV infection while preventing opioid
relapse; however, studies that are powered to detect differences
in HCV testing among high-risk groups are needed.

Conflicts of Interest
DG has a shareholder interest in CHESS Mobile Health, a small business that develops web-based health care technology for
patients and family members. All other authors declare that they have no competing interests.

Multimedia Appendix 1
A comparison of baseline characteristics between the initial sample (N=416) and the final sample (n=266).
[DOCX File , 16 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Percentage of individuals in each hepatitis C virus stage of care at baseline and each follow-up: Addiction-Comprehensive Health
Enhancement Support System Study, 2016-2020. Ab: antibody; HCV: hepatitis C virus; SVR: sustained virologic response.
[PNG File , 15 KB-Multimedia Appendix 2]

Multimedia Appendix 3
The hepatitis C virus care continuums for intervention and control groups at each time point.
[DOCX File , 16 KB-Multimedia Appendix 3]

Multimedia Appendix 4
CONSORT-EHEALTH checklist (V 1.6.1).

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e23080 | p. 11https://mhealth.jmir.org/2021/2/e23080
(page number not for citation purposes)

Hochstatter et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app1.docx&filename=37850caecc4e72607cc16f301f3b97b2.docx
https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app1.docx&filename=37850caecc4e72607cc16f301f3b97b2.docx
https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app2.png&filename=284dec63cf2250991280f07d7b462b0c.png
https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app2.png&filename=284dec63cf2250991280f07d7b462b0c.png
https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app3.docx&filename=ae8b4b48d0a481e442e329e419a45ada.docx
https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app3.docx&filename=ae8b4b48d0a481e442e329e419a45ada.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


[PDF File (Adobe PDF File), 1120 KB-Multimedia Appendix 4]

References

1. Gomes T, Tadrous M, Mamdani MM, Paterson JM, Juurlink DN. The burden of opioid-related mortality in the United
States. JAMA Netw Open 2018 Jun 1;1(2):e180217 [FREE Full text] [doi: 10.1001/jamanetworkopen.2018.0217] [Medline:
30646062]

2. Key Substance Use and Mental Health Indicators in the United States: Results from the 2017 National Survey on Drug Use
and Health. Substance Abuse Mental Health Services Administration. Rockville, MD: HHS Publication No. PEP19-5068,
NSDUH Series H-54; 2019 Aug. URL: https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/
NSDUHFFR2017.htm [accessed 2021-02-05]

3. Kochanek K, Murphy S, Xu J, Arias E. Mortality in the United States, 2016. NCHS Data Brief 2017 Dec(293):1-8 [FREE
Full text] [Medline: 29319473]

4. Injury Facts: The Source for Injury Stats. National Safety Council. URL: https://www.nsc.org/nsc-membership/injury-facts
[accessed 2021-02-03]

5. Suryaprasad A, White J, Xu F, Eichler B, Hamilton J, Patel A, et al. Emerging epidemic of hepatitis C virus infections
among young nonurban persons who inject drugs in the United States, 2006-2012. Clin Infect Dis 2014 Nov
15;59(10):1411-1419. [doi: 10.1093/cid/ciu643] [Medline: 25114031]

6. Zibbell JE, Iqbal K, Patel RC, Suryaprasad A, Sanders KJ, Moore-Moravian L, Centers for Disease ControlPrevention
(CDC). Increases in hepatitis C virus infection related to injection drug use among persons aged ≤30 years - Kentucky,
Tennessee, Virginia, and West Virginia, 2006-2012. MMWR Morb Mortal Wkly Rep 2015 May 08;64(17):453-458 [FREE
Full text] [Medline: 25950251]

7. Zibbell JE, Asher AK, Patel RC, Kupronis B, Iqbal K, Ward JW, et al. Increases in acute Hepatitis C virus infection related
to a growing opioid epidemic and associated injection drug use, United States, 2004 to 2014. Am J Public Health 2018
Feb;108(2):175-181. [doi: 10.2105/AJPH.2017.304132] [Medline: 29267061]

8. Surveillance of Viral Hepatitis – United States, 2016. Centers for Disease Control and Prevention. 2016. URL: https://www.
cdc.gov/hepatitis/statistics/2016surveillance/pdfs/2016HepSurveillanceRpt.pdf [accessed 2021-02-03]

9. Ly KN, Hughes EM, Jiles RB, Holmberg SD. Rising mortality associated with Hepatitis C virus in the United States,
2003-2013. Clin Infect Dis 2016 May 15;62(10):1287-1288. [doi: 10.1093/cid/ciw111] [Medline: 26936668]

10. Medication-Assisted Treatment (MAT). Substance Abuse and Mental Health Services Administration. 2021 Jan 4. URL:
https://www.samhsa.gov/medication-assisted-treatment [accessed 2021-02-03]

11. Knudsen HK, Abraham AJ, Roman PM. Adoption and implementation of medications in addiction treatment programs. J
Addict Med 2011 Mar;5(1):21-27 [FREE Full text] [doi: 10.1097/ADM.0b013e3181d41ddb] [Medline: 21359109]

12. Backus LI, Belperio PS, Shahoumian TA, Loomis TP, Mole LA. Real-world effectiveness of ledipasvir/sofosbuvir in 4,365
treatment-naive, genotype 1 hepatitis C-infected patients. Hepatology 2016 Aug;64(2):405-414. [doi: 10.1002/hep.28625]
[Medline: 27115523]

13. Feld JJ, Jacobson IM, Hézode C, Asselah T, Ruane PJ, Gruener N, ASTRAL-1 Investigators. Sofosbuvir and velpatasvir
for HCV genotype 1, 2, 4, 5, and 6 infection. N Engl J Med 2015 Dec 31;373(27):2599-2607. [doi: 10.1056/NEJMoa1512610]
[Medline: 26571066]

14. Sulkowski MS, Gardiner DF, Rodriguez-Torres M, Reddy KR, Hassanein T, Jacobson I, AI444040 Study Group. Daclatasvir
plus sofosbuvir for previously treated or untreated chronic HCV infection. N Engl J Med 2014 Jan 16;370(3):211-221.
[doi: 10.1056/NEJMoa1306218] [Medline: 24428467]

15. Mehta SH, Genberg BL, Astemborski J, Kavasery R, Kirk GD, Vlahov D, et al. Limited uptake of hepatitis C treatment
among injection drug users. J Community Health 2008 Jun;33(3):126-133 [FREE Full text] [doi: 10.1007/s10900-007-9083-3]
[Medline: 18165889]

16. Midgard H, Bramness JG, Skurtveit S, Haukeland JW, Dalgard O. Hepatitis C treatment uptake among patients who have
received opioid substitution treatment: a population-based study. PLoS One 2016;11(11):e0166451 [FREE Full text] [doi:
10.1371/journal.pone.0166451] [Medline: 27846264]

17. Denniston MM, Klevens RM, McQuillan GM, Jiles RB. Awareness of infection, knowledge of hepatitis C, and medical
follow-up among individuals testing positive for hepatitis C: National Health and Nutrition Examination Survey 2001-2008.
Hepatology 2012 Jun;55(6):1652-1661 [FREE Full text] [doi: 10.1002/hep.25556] [Medline: 22213025]

18. National Institute on Drug Abuse. Principles of drug addiction treatment: A research-based guide. Drugabuse.gov. Rockville,
MD: National Institutes of Health, U.S. Department of Health and Human Services; 2012 Dec. URL: https://www.
drugabuse.gov/sites/default/files/podat_1.pdf [accessed 2021-02-03]

19. Principles of Adolescent Substance Use Disorder Treatment: A Research-Based Guide. National Institute on Drug Abuse.
Rockville, MD: National Institutes of Health, U.S. Department of Health and Human Services; 2014 Jan. URL: https:/
/www.drugabuse.gov/sites/default/files/podata_1_17_14.pdf [accessed 2021-02-03]

20. Medication and Counseling Treatment. Substance Abuse and Mental Health Services Administration. Rockville, MD; 2020
Aug 19. URL: https://www.samhsa.gov/medication-assisted-treatment/treatment#medications-used-in-mat [accessed
2021-02-03]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e23080 | p. 12https://mhealth.jmir.org/2021/2/e23080
(page number not for citation purposes)

Hochstatter et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app4.pdf&filename=507b70e015d52914699fcc223ffb22a0.pdf
https://jmir.org/api/download?alt_name=mhealth_v9i2e23080_app4.pdf&filename=507b70e015d52914699fcc223ffb22a0.pdf
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2018.0217
http://dx.doi.org/10.1001/jamanetworkopen.2018.0217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30646062&dopt=Abstract
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.htm
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.htm
http://www.cdc.gov/nchs/data/databriefs/db293.pdf
http://www.cdc.gov/nchs/data/databriefs/db293.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29319473&dopt=Abstract
https://www.nsc.org/nsc-membership/injury-facts
http://dx.doi.org/10.1093/cid/ciu643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25114031&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6417a2.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6417a2.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25950251&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2017.304132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29267061&dopt=Abstract
https://www.cdc.gov/hepatitis/statistics/2016surveillance/pdfs/2016HepSurveillanceRpt.pdf
https://www.cdc.gov/hepatitis/statistics/2016surveillance/pdfs/2016HepSurveillanceRpt.pdf
http://dx.doi.org/10.1093/cid/ciw111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26936668&dopt=Abstract
https://www.samhsa.gov/medication-assisted-treatment
http://europepmc.org/abstract/MED/21359109
http://dx.doi.org/10.1097/ADM.0b013e3181d41ddb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21359109&dopt=Abstract
http://dx.doi.org/10.1002/hep.28625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27115523&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1512610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26571066&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1306218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24428467&dopt=Abstract
http://europepmc.org/abstract/MED/18165889
http://dx.doi.org/10.1007/s10900-007-9083-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18165889&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0166451
http://dx.doi.org/10.1371/journal.pone.0166451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27846264&dopt=Abstract
http://europepmc.org/abstract/MED/22213025
http://dx.doi.org/10.1002/hep.25556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22213025&dopt=Abstract
https://www.drugabuse.gov/sites/default/files/podat_1.pdf
https://www.drugabuse.gov/sites/default/files/podat_1.pdf
https://www.drugabuse.gov/sites/default/files/podata_1_17_14.pdf
https://www.drugabuse.gov/sites/default/files/podata_1_17_14.pdf
https://www.samhsa.gov/medication-assisted-treatment/treatment#medications-used-in-mat
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Gustafson DH, Landucci G, McTavish F, Kornfield R, Johnson RA, Mares M, et al. The effect of bundling medication-assisted
treatment for opioid addiction with mHealth: study protocol for a randomized clinical trial. Trials 2016 Dec 12;17(1):592
[FREE Full text] [doi: 10.1186/s13063-016-1726-1] [Medline: 27955689]

22. Platt L, Minozzi S, Reed J, Vickerman P, Hagan H, French C, et al. Needle and syringe programmes and opioid substitution
therapy for preventing HCV transmission among people who inject drugs: findings from a Cochrane Review and
meta-analysis. Addiction 2018 Mar;113(3):545-563 [FREE Full text] [doi: 10.1111/add.14012] [Medline: 28891267]

23. Westergaard RP, Hull SJ, Merkow A, Stephens LK, Hochstatter KR, Olson-Streed HK, et al. Computerized tailored
interventions to enhance prevention and screening for Hepatitis C virus among people who inject drugs: protocol for a
randomized pilot study. JMIR Res Protoc 2016 Jan 22;5(1):e15 [FREE Full text] [doi: 10.2196/resprot.4830] [Medline:
26800903]

24. Hochstatter KR, Hull SJ, Sethi AK, Burns ME, Mundt MP, Westergaard RP. Promoting safe injection practices, substance
use reduction, Hepatitis C testing, and overdose prevention among syringe service program clients using a computer-tailored
intervention: pilot randomized controlled trial. J Med Internet Res 2020 Sep 29;22(9):e19703 [FREE Full text] [doi:
10.2196/19703] [Medline: 32990630]

25. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

26. Hochstatter KR, Gustafson DH, Landucci G, Pe-Romashko K, Maus A, Shah DV, et al. A mobile health intervention to
improve Hepatitis C outcomes among people with opioid use disorder: protocol for a randomized controlled trial. JMIR
Res Protoc 2019 Aug 1;8(8):e12620 [FREE Full text] [doi: 10.2196/12620] [Medline: 31373273]

27. United States Census Bureau. QuickFacts. 2019. URL: https://www.census.gov/quickfacts/fact/table/US/PST045219
[accessed 2021-02-03]

28. Paulozzi LJ, Xi Y. Recent changes in drug poisoning mortality in the United States by urban-rural status and by drug type.
Pharmacoepidemiol Drug Saf 2008 Oct;17(10):997-1005. [doi: 10.1002/pds.1626] [Medline: 18512264]

29. Havens JR, Oser CB, Leukefeld CG, Webster JM, Martin SS, O'Connell DJ, et al. Differences in prevalence of prescription
opiate misuse among rural and urban probationers. Am J Drug Alcohol Abuse 2007;33(2):309-317. [doi:
10.1080/00952990601175078] [Medline: 17497554]

30. Keyes KM, Cerdá M, Brady JE, Havens JR, Galea S. Understanding the rural-urban differences in nonmedical prescription
opioid use and abuse in the United States. Am J Public Health 2014 Feb;104(2):e52-e59. [doi: 10.2105/AJPH.2013.301709]
[Medline: 24328642]

31. Centers for Disease ControlPrevention (CDC). Notes from the field : hepatitis C virus infections among young adults--rural
Wisconsin, 2010. MMWR Morb Mortal Wkly Rep 2012 May 18;61(19):358 [FREE Full text] [Medline: 22592276]

32. Havens JR, Lofwall MR, Frost SD, Oser CB, Leukefeld CG, Crosby RA. Individual and network factors associated with
prevalent hepatitis C infection among rural Appalachian injection drug users. Am J Public Health 2013 Jan;103(1):e44-e52
[FREE Full text] [doi: 10.2105/AJPH.2012.300874] [Medline: 23153148]

33. Centers for Disease ControlPrevention (CDC). Hepatitis C virus infection among adolescents and young adults:Massachusetts,
2002-2009. MMWR Morb Mortal Wkly Rep 2011 May 6;60(17):537-541 [FREE Full text] [Medline: 21544042]

34. O'Brien S, Day C, Black E, Dolan K. Injecting drug users' understanding of Hepatitis C. Addict Behav 2008
Dec;33(12):1602-1605. [doi: 10.1016/j.addbeh.2008.07.005] [Medline: 18762384]

35. Dhopesh VP, Taylor KR, Burke WM. Survey of Hepatitis B and C in addiction treatment unit. Am J Drug Alcohol Abuse
2000 Nov;26(4):703-707. [doi: 10.1081/ada-100101903] [Medline: 11097200]

36. Doab A, Treloar C, Dore G. Knowledge and attitudes about treatment for Hepatitis C virus infection and barriers to treatment
among current injection drug users in Australia. Clin Infect Dis 2005 Apr 15;40 Suppl 5:S313-S320. [doi: 10.1086/427446]
[Medline: 15768340]

Abbreviations
Ab: antibody
A-CHESS: Addiction-Comprehensive Health Enhancement Support System
HCV: hepatitis C virus
MAT: medications for addiction treatment
mHealth: mobile health
OR: odds ratio
OUD: opioid use disorder
RCT: randomized controlled trial
SVR: sustained virologic response

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e23080 | p. 13https://mhealth.jmir.org/2021/2/e23080
(page number not for citation purposes)

Hochstatter et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-016-1726-1
http://dx.doi.org/10.1186/s13063-016-1726-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27955689&dopt=Abstract
http://europepmc.org/abstract/MED/28891267
http://dx.doi.org/10.1111/add.14012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28891267&dopt=Abstract
https://www.researchprotocols.org/2016/1/e15/
http://dx.doi.org/10.2196/resprot.4830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26800903&dopt=Abstract
https://www.jmir.org/2020/9/e19703/
http://dx.doi.org/10.2196/19703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32990630&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://www.researchprotocols.org/2019/8/e12620/
http://dx.doi.org/10.2196/12620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31373273&dopt=Abstract
https://www.census.gov/quickfacts/fact/table/US/PST045219
http://dx.doi.org/10.1002/pds.1626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18512264&dopt=Abstract
http://dx.doi.org/10.1080/00952990601175078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17497554&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2013.301709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24328642&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6119a7.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22592276&dopt=Abstract
http://europepmc.org/abstract/MED/23153148
http://dx.doi.org/10.2105/AJPH.2012.300874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23153148&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6017a2.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21544042&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2008.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18762384&dopt=Abstract
http://dx.doi.org/10.1081/ada-100101903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11097200&dopt=Abstract
http://dx.doi.org/10.1086/427446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15768340&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by C Dias; submitted 31.07.20; peer-reviewed by D Smith, E Cunningham, B Thies, A Benis; comments to author 21.09.20;
revised version received 12.12.20; accepted 08.01.21; published 22.02.21

Please cite as:
Hochstatter KR, Gustafson Sr DH, Landucci G, Pe-Romashko K, Cody O, Maus A, Shah DV, Westergaard RP
Effect of an mHealth Intervention on Hepatitis C Testing Uptake Among People With Opioid Use Disorder: Randomized Controlled
Trial
JMIR Mhealth Uhealth 2021;9(2):e23080
URL: https://mhealth.jmir.org/2021/2/e23080
doi: 10.2196/23080
PMID: 33616545

©Karli R Hochstatter, David H Gustafson Sr, Gina Landucci, Klaren Pe-Romashko, Olivia Cody, Adam Maus, Dhavan V Shah,
Ryan P Westergaard. Originally published in JMIR mHealth and uHealth (http://mhealth.jmir.org), 22.02.2021. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e23080 | p. 14https://mhealth.jmir.org/2021/2/e23080
(page number not for citation purposes)

Hochstatter et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://mhealth.jmir.org/2021/2/e23080
http://dx.doi.org/10.2196/23080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33616545&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

