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Abstract

IMPORTANCE Hospitalization is common among people with opioid use disorder (OUD) and is
recognized as a reachable moment to start treatment. Methamphetamine use among people with
OUD is associated with decreased linkage to postdischarge OUD care.

OBJECTIVE To determine the feasibility, acceptability, and exploratory clinical outcomes of a pilot
randomized clinical trial (RCT) of an adherence-focused mobile health (mHealth) intervention aiming
to increase linkage to and retention in outpatient buprenorphine services for patients hospitalized
with OUD and methamphetamine use.

DESIGN, SETTING, AND PARTICIPANTS This single-site, 2-arm pilot RCT was conducted from
January 3, 2024, to April 14, 2025, at a single-site, large urban safety net hospital in Seattle,
Washington. Patients 18 years or older were eligible if they had initiated buprenorphine for OUD
while in the hospital and had used methamphetamine within the past 30 days. Participants were
randomized to the mHealth Incentivized Adherence Plus Patient Navigation (MIAPP) intervention or
to treatment as usual (TAU).

INTERVENTION The MIAPP intervention combined financial incentives via mHealth-based
adherence monitoring with a patient navigator (PN) during the first 30 days after discharge.

MAIN OUTCOMES AND MEASURES Feasibility was assessed by meeting the target enrollment of
40 participants and intervention delivery. Acceptability was measured by patient satisfaction ratings
on a scale from 0 to 10, with 0 indicating not at all satisfied and 10 indicating extremely satisfied. The
main pilot clinical outcome was linkage to outpatient OUD care within 30 days of hospital discharge,
defined as medications for OUD being prescribed or dispensed. Other outcomes included retention
in buprenorphine treatment and hospital readmissions at 90 days; past 30-day methamphetamine
use was measured at the 30-day follow-up visit.

RESULTS The target enrollment of 40 participants (mean [SD] age, 43.4 [12.6] years) was met. Most
participants (33 [82.5%]) were male. The intervention was allocated to 20 participants and delivered
to 19 (95.0%); 20 participants received TAU. Participants reported being highly satisfied with the
PN, with a mean (SD) patient satisfaction rating of 9.9 (0.3). Linkage to OUD care at 30 days occurred
in 11 participants (55.0%) in the intervention arm compared with 10 (50.0%) in the TAU arm (risk
ratio, 1.10; 95% CI, 0.61-1.99).
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this pilot RCT of the MIAPP intervention, study procedures
were feasible and acceptable. While no difference in linkage rates was noted in this pilot study, larger
studies are needed to determine intervention effectiveness.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT06027814
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Introduction

Hospitalization is common among people with opioid use disorder (OUD)1,2 and is recognized as a
reachable moment to start treatment.3 Starting medications for opioid use disorder (MOUD),
particularly buprenorphine, while patients are hospitalized is becoming more common and has been
shown to improve engagement in postdischarge substance use treatment and decrease use.4-6

However, substantial attrition is observed after people leave the hospital, and this linkage is an
important step in the cascade of care spanning prevention to recovery, as described by Williams
et al.7 Multiple studies show a linkage rate from inpatient to outpatient care of 50% or lower.8-10

There is an urgent need to improve this step in the cascade of care.
The rise of stimulant use, specifically co-use of opioids and methamphetamine, has been

coined the “fourth wave” of the overdose epidemic.11 Methamphetamine use is associated with
worse treatment outcomes among people with OUD.12-15 Patients receiving buprenorphine
who use methamphetamine are less likely to link from inpatient to outpatient care,14 less likely
to stay in treatment,13 and more likely to continue to use opioids.11 We are not aware of
interventions focused on people with OUD who also use methamphetamine. Therefore, we
designed this pilot study of a mobile health (mHealth) intervention to improve linkage to
outpatient care for hospitalized patients with OUD who also use methamphetamine and
start buprenorphine.16

The mHealth Incentivized Adherence Plus Patient Navigation (MIAPP) intervention combines
use of a smartphone-based application for remote medication monitoring and financial incentives
with the human connection and motivational enhancement from a patient navigator (PN). Remote
medication monitoring has been studied among people taking buprenorphine for OUD and has
been found to be acceptable.17,18 For patients with stimulant use disorders, contingency
management is one of the most effective strategies for treating and retaining people in treatment.19

Incorporation of a smartphone app and app-based payment for a contingency management
intervention was feasible and acceptable in a pilot study that rewarded clinic attendance and
negative urine toxicology results for people taking buprenorphine.20 PNs have been found to be
effective in reducing readmissions and subsequent acute care use among hospitalized patients with
substance use disorders (SUDs).21

While prior studies have looked at the components of the intervention separately, this is the first
intervention we know of to combine a PN with incentivized medication adherence. The population
of people with OUD who also use methamphetamine is particularly vulnerable and underrepresented
in research. The MIAPP intervention was developed using the information, motivation, behavioral
skills behavior change (IMB) model.22 We hypothesized that an intervention based on the IMB
model—that combines financial incentives for medication and appointment adherence with a PN
who provides support, coaching, and motivational enhancement—has the potential to improve
retention in buprenorphine care for hospitalized patients who use methamphetamine. This study
reports on the feasibility, acceptability, and exploratory clinical outcomes of a pilot randomized
clinical trial (RCT) of the MIAPP intervention.
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Methods

Study procedures for this pilot RCT were approved by the University of Washington Institutional
Review Board. The study was conducted from January 3, 2024, to April 14, 2025. All participants
provided written informed consent, which was obtained by study staff in person after explaining the
consent form and allowing time for questions. The study followed the Consolidated Standards of
Reporting Trials (CONSORT)23 and the Consolidated Standards of Reporting Trials Extension to
Randomized Pilot and Feasibility Trials (CONSORT Extension) reporting guidelines.

Study Design
The study design and the trial protocol have been described previously (Supplement 1).16 In brief, this
2-arm pilot RCT compared the MIAPP intervention plus treatment as usual (TAU) with TAU alone. The
sample size of 40 was chosen based on anticipated feasibility of enrollment over a 1-year period.16 Par-
ticipants randomized to the intervention arm received financial incentives for submitting videos of
themselves taking buprenorphine via a smartphone app, and they worked with a PN who provided
treatment adherence coaching, care coordination, and motivational enhancement.

Study Setting
The study took place at a single, large urban safety net hospital in Seattle, Washington, which serves
as a level I trauma hospital for 4 states. The hospital has an established addiction consultation service
(ACS) composed of a multidisciplinary team of physicians, nurse practitioners, registered nurses,
peer support specialists, and administrators who specialize in the treatment of SUDs. The ACS is
available to all inpatient hospital services (eg, medical, surgical, and psychiatric) and provides
medication management recommendations, behavioral and harm reduction counseling, and
support connecting with outpatient care.

Participants
Study staff worked closely with the ACS to identify potential participants. Staff were present during
the morning team huddle when the patient list was discussed and flagged patients who met the
study eligibility criteria. Patients who initiated buprenorphine for OUD while hospitalized were
approached by the study staff for screening. Eligibility criteria were as follows: aged 18 years or older,
English speaking, admitted to any inpatient service, initiated sublingual buprenorphine for OUD
while in the hospital or at the time of discharge, planning to continue sublingual buprenorphine as an
outpatient, methamphetamine use within the past 30 days, willingness to be randomized to the
intervention, and willing and able to use a smartphone (which the study provided if the patient did
not have one) on discharge. Exclusion criteria were as follows: cognitive impairment (acute or
chronic) resulting in the inability to provide informed consent per study clinician judgment; current
incarceration or planned discharge to jail or prison; exhibition of significant, active behavioral risks
per the judgment of the research team; and discharge to a setting that would prohibit the use of a
telephone. Cognitive status was assessed by the study team, with consultation from ACS clinicians or
study clinicians if needed.

Study Procedures
Participants completed a baseline assessment on self-reported demographic data (age, sex, race and
ethnicity, and other factors) and substance use patterns. Race and ethnicity data were collected in
this study to ensure the generalizability of our findings across diverse patient populations.
Participants self-reported race and ethnicity as American Indian or Alaska Native, Asian, Black or
African American, Hispanic, or White. The baseline assessment occurred in person with a research
coordinator (A.J.G. or D.N.K.) prior to discharge and lasted approximately 30 to 45 minutes.
Afterward, participants were randomized using a research electronic data capture (REDCap)
randomization module. Randomization occurred with permuted block sizes of 4 and was stratified by
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whether the patient had received buprenorphine treatment in the prior year. The randomization
sequence was generated by the study analyst (K.A.H.) and was concealed to participants and all
other study staff. Participants, the PN, and study staff completing follow-up interviews were aware
of study arm assignments once they were made; the study analyst remained blinded to study arm
assignments. For a complete list of study measures and procedures, see the protocol by Bhatraju et al
reported previously.16

Follow-up visits were conducted at 30 days after discharge. Visits lasted approximately 15 to 20
minutes and were conducted in person or over the telephone. The follow-up assessment included
demographics, substance use patterns, medication adherence, and point-of-care urine toxicology
testing. Urine toxicology data were not collected if the visit occurred by telephone. Adverse events
(including any rehospitalizations) were defined and assessed systematically, collected in REDCap,
and reviewed by a data and safety monitoring board.

Intervention
Participants were randomized to receive either TAU or the intervention (MIAPP plus TAU). The TAU
arm was seen and followed by the ACS while hospitalized. The ACS provides medication
recommendations to primary teams and assists with scheduling follow-up appointments. Patients
followed by the ACS may also be seen by peer support specialists at the request of the team. The peer
support specialists typically see the patient up to a few times while hospitalized but do not follow
patients or provide any counseling after they leave the hospital.

The intervention group received TAU plus MIAPP. Prior to discharge and fitting within the IMB
model, the PN met with the participant to provide motivational enhancement, care planning, and
instruction on the mHealth smartphone application. After discharge, the PN completed weekly visits
with participants. Patients used the Health Insurance Portability and Accountability Act–compliant,
cloud-based mHealth application to securely transfer asynchronous time-stamped videos of
themselves taking medications, which were viewed by the PN to confirm medication adherence on a
daily basis. Participants were instructed to show their medication prior to taking and record for at
least 3 minutes after placing sublingual buprenorphine under the tongue. The application also
facilitated video check-ins, 2-way chats, and tracking of financial incentives. The PN role was filled by
research coordinators (D.N.K. and A.J.G.), who received motivational enhancement training prior to
study initiation. Fidelity to the intervention was monitored through quarterly audits and feedback
sessions with the PN and study staff. Research staff completed checklists for PN activities completed
during the initial visit that were reviewed to ensure intervention fidelity. The principal investigator
or co–principal investigator (J.I.T. or E.P.B.) reviewed the initial week of videos submitted for the first
10 enrolled participants.

In addition, the MIAPP intervention used financial incentives for medication adherence. In the
intervention arm, participants received up to $520 in financial incentives, including $70 for linkage to
an outpatient buprenorphine clinic and $15 for each video documenting daily adherence to
medication for up to 30 days (�$450).

Outcomes
The primary goal of this study was to establish evidence of feasibility and acceptability of the MIAPP
plus TAU intervention and research procedures, as assessed by our ability to fully recruit the planned
sample of 40 and deliver the intervention. At the 30-day follow-up, participants also answered the
following acceptability questions on a scale from 0 to 10, with 0 indicating not at all satisfied and
10 indicating extremely satisfied: “How satisfied were you with the services you received from
your Patient Navigator, overall?” and “How helpful were the services you received from your
Patient Navigator?”

Linkage to outpatient MOUD care within 30 days of hospital discharge was the main clinical
effectiveness outcome. This measure, based on prior research, is defined as documentation of an
outpatient clinical encounter (either in person or via telemedicine) in which MOUD (buprenorphine,
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naltrexone, or methadone) is provided or prescribed.24 The outcome was ascertained with the
following data sources: (1) direct review of University of Washington electronic health records or
records obtained from outside organizations via release of information requests if the participant
self-reported outside linkage; and (2) Medicaid claims and encounter data indicating receipt of
buprenorphine, methadone, or naltrexone from pharmacy or Centers for Medicare & Medicaid
Services Healthcare Common Procedure Coding System records derived from the statewide
ProviderOne database or the Behavioral Health Data System (BHDS) accessed by the Washington
Department of Social and Health Services Research and Data Analysis Division. If a participant was
not found to have a record of receiving MOUD within 30 days after discharge from any of these
sources, they were categorized as not having linked to outpatient treatment. Because of restrictions
on accessing data for research, we did not use data from the Washington State Prescription
Monitoring Program.

Other secondary clinical outcomes included MOUD retention, hospital readmissions and
emergency department (ED) visits, and past 30-day opioid and methamphetamine use. MOUD
retention was measured as the number of days with MOUD treatment coverage (buprenorphine,
naltrexone, or methadone) over the 90 days after discharge based on Medicaid claims data (for
buprenorphine and naltrexone) and BHDS data (for methadone). The number of hospital admissions
and ED visits within 90 days of discharge was based on Medicaid claims data. Past 30-day opioid and
methamphetamine use was defined as the number of days using illicit opioids and
methamphetamine in the past 30 days per self-report at the 30-day follow-up interview through
the modified Addiction Severity Index.25

Statistical Analysis
We first described recruitment and enrollment (feasibility), intervention delivery, and patient
satisfaction (acceptability). Sample demographic and behavioral characteristics were analyzed
descriptively. For our clinical outcome of linkage to outpatient MOUD care, we used Poisson
regression with robust SEs to calculate the relative risk of linking by treatment group, with
significance defined as P < .05. For our outcome of days of MOUD retention, we used linear
regression to estimate the mean difference in days between the intervention and TAU groups. For all
other outcomes, we used negative binomial regression with robust SEs to calculate the incidence
rate ratios (IRRs). For outcomes derived from clinical records (eg, treatment linkage, inpatient
readmissions, ED admissions, and MOUD retention), there were no missing data, as an absence of
treatment records was assumed to indicate no such services. We conducted a sensitivity analysis
restricted to participants with Medicaid. For patient-reported outcomes, analyses only included
participants who completed the self-report measure at follow-up. All statistical analyses were
performed using R, version 4.4.1 (R Project for Statistical Computing).

Results

Enrollment and Follow-Up
This study met our feasibility goal of enrolling 40 participants between January 3, 2024, and January
7, 2025. There were 208 patients identified as potentially eligible (Figure 1). Of those patients, 58
(27.9%) completed screening. The 3 most common reasons for not completing the screening were (1)
the patient was not prescribed buprenorphine for OUD (77 [51.3%]), (2) the research staff were
unable to screen before discharge (31 [20.7%]), and (3) the patient declined research participation
(14 [9.3%]). Of the 58 patients screened, 46 (79.3%) were eligible. Of these 46, 40 (87.0%) agreed
to participate and were enrolled, with 20 randomized to MIAPP plus TAU and 20 randomized to TAU.
One participant randomized to the intervention arm did not receive the intervention because they
were discharged before study staff could complete the baseline patient navigation session and could
not be contacted after discharge. The 30-day follow-up interviews were completed for 25 of the 40
participants (62.5%). Twenty-nine participants (72.5%) had Medicaid outcome data available for the
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90 days after hospital discharge (1 additional person had Medicaid coverage for part of the 90-day
period after hospital discharge and was seen not to link within 30 days); this did not differ between
the MIAPP (16 [80.0%]) and TAU (13 [65.0%]) groups.

Baseline Characteristics
Among the 40 participants, 7 (17.5%) were female and 33 (82.5%) were male (Table 1). Participants
identified as American Indian or Alaska Native (1 [2.5%]), Asian (4 [10.0%]), Black or African
American (5 [12.5%]), Hispanic (5 [12.5%]), or White (25 [62.5%]). Their mean (SD) age was 43.4
(12.6) years (range, 23-69 years). Nearly half (19 [47.5%]) reported living on the street, and the
majority (31 [77.5%]) self-reported having Medicaid insurance at baseline. In terms of baseline past
30-day substance use patterns, 13 (32.5%) reported injection drug use and 30 (75.0%) reported
using at least 1 other drug in addition to opioids and methamphetamine (Table 2).

A larger proportion of study participants who did not have a follow-up visit reported less than
high school education compared with those who completed follow-up visits (8 of 15 [53.3%] vs 2 of
25 [8.0%]); demographic characteristics were otherwise similar (eTable 1 in Supplement 2). When
comparing participants without vs with Medicaid data availability, those without available Medicaid
data more commonly had high school education or greater (9 of 11 [81.8%] vs 21 of 29 [72.4%]) and
full-time or part-time employment (2 of 11 [18.2%] vs 2 of 29 [6.9%]) (eTable 2 in Supplement 2).

Clinical Outcomes
For the 30-day MOUD treatment linkage outcome, 11 participants (55.0%) in the MIAPP arm linked
to outpatient MOUD care compared with 10 (50.0%) in the TAU arm (Table 3). The risk ratio (RR) was
1.10 (95% CI, 0.61-1.99) when comparing MIAPP with TAU. The mean (SD) number of days with
MOUD coverage in the 90 days after hospital discharge was 18.7 (19.3) in the MIAPP arm and 23.9
(26.6) in the TAU arm (mean difference, −5.20; 95% CI, −20.06 to 9.66). The mean (SD) number of
inpatient hospitalizations in the 90 days after discharge was 0.1 (0.3) in the MIAPP arm compared
with 0.9 (1.3) in the TAU arm (IRR, 0.11; 95% CI, 0.03-0.48). The mean (SD) number of ED encounters

Figure 1. CONSORT Flow Diagram
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20 Analyzed for primary outcome

20 Allocated to and received treatment 
as usual
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Completed the 30-d follow-up visit
Did not complete the 30-d follow-up visit

20 Analyzed for primary outcome

MIAPP indicates mHealth Incentivized Adherence Plus
Patient Navigation; OUD, opioid use disorder; vDOT,
video directly observed therapy.
a Patients on the addiction consultation service list

were flagged as potential participants (ie, were
planning to start or had started buprenorphine).

b Participants met with a patient navigator and
received the app plus training.
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in the MIAPP arm was 0.4 (1.0) compared with 0.7 (1.1) in the TAU arm (IRR, 0.57; 95% CI, 0.16-2.03).
The mean (SD) number of days reported using opioids and methamphetamine, respectively, was 4.7
(7.2) days and 4.8 (7.6) days in the MIAPP arm compared with 3.7 (8.6) days and 5.8 (11.4) days in the
TAU arm (opioid use days: IRR, 1.28 [95% CI, 0.29-5.76]; methamphetamine use days: IRR, 0.82
[95% CI, 0.21-3.13]). The results of sensitivity analysis restricted to only include participants with
Medicaid was not notably different. For the MIAPP arm, there was a mean (SD) of 1.8 (1.6) PN

Table 1. Baseline Characteristics of Hospitalized Patients With Opioid Use Disorder and Methamphetamine Use
Who Initiated Buprenorphinea

Characteristic
All patients
(N = 40)

TAU arm
(n = 20)

MIAPP arm
(n = 20)

Age, mean (SD), y 43.4 (12.6) 45.7 (13.2) 41.2 (11.9)

Sex

Female 7 (17.5) 3 (15.0) 4 (20.0)

Male 33 (82.5) 17 (85.0) 16 (80.0)

Race and ethnicity

Hispanic 5 (12.5) 4 (20.0) 1 (5.0)

Non-Hispanic American Indian or Alaska Native 1 (2.5) 1 (5.0) 0

Non-Hispanic Asian 4 (10.0) 2 (10.0) 2 (10.0)

Non-Hispanic Black or African American 5 (12.5) 4 (20.0) 1 (5.0)

Non-Hispanic White 25 (62.5) 9 (45.0) 16 (80.0)

Relationship status

Married or living with partner 3 (7.5) 0 3 (15.0)

Not married or living with partnerb 37 (92.5) 20 (100) 17 (85.0)

Dependents

Zero dependentsc 30 (75.0) 17 (85.0) 13 (65.0)

Education status

Less than high school 10 (25.0) 6 (30.0) 4 (20.0)

High school diploma or GED 17 (42.5) 7 (35.0) 10 (50.0)

Some college or associate degree 9 (22.5) 5 (25.0) 4 (20.0)

≥4 y of college 4 (10.0) 2 (10.0) 2 (10.0)

Employment status

Full-time or part-time employed 4 (10.0) 3 (15.0) 1 (5.0)

Unemployed 26 (65.0) 13 (65.0) 13 (65.0)

Disabled 4 (10.0) 1 (5.0) 3 (15.0)

Otherd 6 (15.0) 3 (15.0) 3 (15.0)

Housing status

Own or rent 6 (15.0) 2 (10.0) 4 (20.0)

Staying with friends, family, or other 15 (37.5) 7 (35.0) 8 (40.0)

Street 19 (47.5) 11 (55.0) 8 (40.0)

Incarcerated in the past 3 mo 9 (22.5) 5 (25.0) 4 (20.0)

Insurance typee

Private health plan 1 (2.5) 0 1 (5.0)

Medicaid 31 (77.5) 16 (80.0) 15 (75.0)

Medicare 4 (10.0) 1 (5.0) 3 (15.0)

Other or unsure 4 (10.0) 3 (15.0) 1 (5.0)

Primary diagnosis at hospital discharge

Trauma 15 (37.5) 7 (35.0) 8 (40.0)

Infection 17 (42.5) 9 (45.0) 8 (40.0)

Kidney dysfunction or ESKD 1 (2.5) 1 (5.0) 0

Other 7 (17.5) 3 (15.0) 4 (20.0)

Abbreviations: ESKD, end-stage kidney disease; GED,
general educational development; MIAPP, mHealth
Incentivized Adherence Plus Patient Navigation;
MOUD, medications for opioid use disorder; TAU,
treatment as usual.
a Unless indicated otherwise, values are presented

as the No. (%) of participants.
b Includes individuals who reported being widowed,

separated, divorced, and never married.
c The reference group is individuals with at least

1 dependent.
d Other employment status includes individuals who

reported being retired or having other status.
e Insurance status was self-reported and does not

100% reflect availability of Medicaid outcome
(treatment linkage, MOUD retention,
hospitalization) data during the study period.
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sessions per participant (Figure 2A). Participants in the intervention arm submitted a mean (SD) of
11.9 (10.3) videos documenting buprenorphine adherence in the 30 days after discharge (Figure 2B).
Participants in the intervention arm received a mean (SD) of $213.75 ($179.75) for MOUD treatment
linkage and video submissions. The initial PN checklist was complete for all participants who were
assigned to the intervention, except for 2 participants: one participant completed 89% of checklist
items, and the other was discharged prior to receiving the intervention and completed no items.

There were 13 participants in the intervention arm who completed the follow-up satisfaction
questionnaire. Participants reported high satisfaction with the PN (mean [SD], 9.9 [0.3] of 10) and
the PN’s helpfulness (mean [SD], 9.7 [0.9] of 10).

There were 36 documented adverse events (eTable 3 in Supplement 2). Most adverse events
(34 [94.4%]) were ED admissions or rehospitalizations; none were determined to be related to
the study.

Table 2. Study Population Substance Use Behaviors by Treatment Group at Baselinea

Characteristic
All patients
(N = 40)

TAU arm
(n = 20)

MIAPP arm
(n = 20)

Injected drugs in the past 30 d 13 (32.5) 6 (30.0) 7 (35.0)

Substance use in the past 30 db,c

Heroin 16 (40.0) 8 (40.0) 8 (40.0)

Fentanyl 38 (95.0) 18 (90.0) 20 (100)

Prescription opioids 9 (22.5) 4 (20.0) 5 (25.0)

Methamphetamined 38 (97.4) 18 (94.7) 20 (100)

Amphetamine 0 0 0

Cocaine 12 (30.0) 7 (35.0) 5 (25.0)

Marijuana 26 (65.0) 12 (60.0) 14 (70.0)

Synthetic marijuana 1 (2.5) 0 1 (5.0)

Hallucinogen 5 (12.5) 4 (20.0) 1 (5.0)

Benzodiazepinesd 6 (15.4) 4 (21.1) 2 (10.0)

Alcohol 16 (40.0) 9 (45.0) 7 (35.0)

Substances used in the past 30 d, mean (SD), No.c 4.0 (1.6) 3.9 (1.7) 4.1 (1.5)

Used ≥1 other drug in addition to opioids and
methamphetamine in the past 30 dc

30 (75.0) 14 (70.0) 16 (80.0)

Abbreviations: MIAPP, mHealth Incentivized
Adherence Plus Patient Navigation; TAU, treatment
as usual.
a Unless indicated otherwise, values are presented

as the No. (%) of participants.
b Substance use categories are not mutually exclusive.

Participants could report more than 1 substance.
c Two included individuals did not answer every single

question about every substance to be included.
d Responses were missing for 2 participants (one each

for the questions on methamphetamine use and
benzodiazepine use in the past 30 days).

Table 3. Clinical Outcomes by Treatment Groupa

Outcome
TAU arm
(n = 20)

MIAPP arm
(n = 20)

Effect estimate
(95% CI) P value

Linked to buprenorphine, No. (%) 10 (50.0) 11 (55.0) 1.10 (0.61-1.99)b .75

Clinical outcome assessed in the 90 d after
discharge, mean (SD)

MOUD coverage, d 23.9 (26.6) 18.7 (19.3) −5.20 (−20.06 to 9.66)c .48

Inpatient hospitalizations, No. 0.9 (1.3) 0.1 (0.3) 0.11 (0.03-0.48)d .003

ED outpatient admissions, No. 0.7 (1.1) 0.4 (1.0) 0.57 (0.16-2.03)d .39

Substance use in the 30 d before follow-up,
mean (SD)e

Opioid use, d 3.7 (8.6) 4.7 (7.2) 1.28 (0.29-5.76)d .75

Methamphetamine use, d 5.8 (11.4) 4.8 (7.6) 0.82 (0.21-3.13)d .77

Abbreviations: ED, emergency department; MIAPP, mHealth Incentivized Adherence Plus Patient Navigation; MOUD,
medications for opioid use disorder; NA, not applicable; TAU, treatment as usual.
a Unless indicated otherwise, values are presented as the mean (SD).
b The risk ratio was calculated via Poisson regression with robust SEs.
c The mean difference was calculated via linear regression.
d Incidence rate ratios were calculated via negative binomial regression with robust SEs.
e Follow-up data for 15 individuals were missing due to not attending the follow-up visit.
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Discussion

This pilot RCT demonstrated the feasibility and acceptability of a novel intervention to improve
linkage to outpatient care for patients with OUD and methamphetamine use, who started
buprenorphine for the treatment of OUD in the hospital. We reached our recruitment goal of 40
hospitalized patients and delivered the intervention to 95.0% of those randomized to the
intervention. Participants reported high levels of satisfaction with the intervention and with the PN.
Linkage to outpatient MOUD care was 55.0% in the MIAPP arm and 50.0% in the TAU arm.

This is the first study we are aware of targeting MOUD treatment linkage outcomes specifically
for people with OUD who also use methamphetamine. The treatment linkage rate of approximately
50% in both arms is consistent with prior study findings examining buprenorphine continuation after
hospitalization.8,26 These results underscore that the 30-day period after hospital discharge is a
critical time in the care cascade that would benefit from service enhancements to better facilitate
MOUD treatment linkage. This may be especially important for people with OUD who also use
methamphetamine, as we have seen that the MOUD treatment linkage rates for this group are 40%
lower than among people with OUD who do not use methamphetamine.15 Participants in the MIAPP
arm had fewer hospital admissions during the 90-day postdischarge follow-up period. Although the
numbers were small in both arms and this result did not account for our assessing multiple secondary
outcomes, this finding could be further explored in a larger trial.

The MIAPP intervention is novel in that it combines multiple approaches to improving MOUD
treatment linkage: financial incentives for medication adherence, personal motivational coaching
from a navigator, and use of a video-based mobile app. The financial incentives are an adaptation of
contingency management (CM), a care model based on operant conditioning in which a desired
behavior is reinforced with a positive reward.27 Prior studies of CM for OUD rewarded abstinence as
determined by urine drug testing and provided prize-based awards.28 The use of a mobile app to
provide financial incentives for medication adherence is a novel adaptation. We previously
conducted research among people with OUD taking buprenorphine in the outpatient setting without
use of financial incentives,13 and we observed low rates of video submissions; the financial incentives
in the current trial possibly led to more frequent video submissions.

Use of mobile apps for check-ins and reminders has been shown previously to be acceptable to
patients taking buprenorphine,29 with recommended improvements including personalization and
real-time responses. The MIAPP intervention provided these characteristics by using a mobile app
platform paired with a PN.

In addition to the outcomes reported in this study, important lessons were learned regarding
enrollment of hospitalized patients with OUD who are initiating buprenorphine. First, there were
challenges to screening and enrolling participants while they were hospitalized. For example, many

Figure 2. Bar Graphs of the Distribution of Completed Patient Navigator Visits and Total Video Submissions by the Intervention Group
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patients were discharged before screening and enrollment could be completed. Additionally,
patients often received medical interventions that interrupted or delayed study screening,
enrollment, or baseline interviews.

Second, the study occurred during a clinical practice change regarding the use of long-acting
injectable (LAI) buprenorphine. Over the study period, the ACS implemented a pathway to enable
patients to initiate LAI formulations of buprenorphine. As a result, fewer patients were eligible for the
study, which required initiation and continuation of sublingual buprenorphine. Despite this change,
we were still able to meet enrollment targets. While LAI buprenorphine is increasingly becoming
available, the dominant form of buprenorphine is still the sublingual formulation.30

Limitations
This study has several limitations. It was conducted at a single urban hospital with a robust
multidisciplinary ACS and therefore may not be generalizable to other health care settings and
services. However, the hospital is a level I trauma hospital that serves multiple states with
predominantly rural populations and thus sees a variety of patients with a wide variety of medical
needs, risks, and follow-up complexity. The outcomes relating to MOUD retention, hospital
readmissions, and ED visits were only captured by Medicaid data, but missingness did not differ
significantly between treatment arms. The rate of completed 30-day follow-up visits was somewhat
low (62.5%), which speaks to the difficulty in achieving longitudinal follow-up with members of this
patient population and thus the limitations of self-report measures for outcome ascertainment—an
issue we anticipated and attenuated by collecting electronic health record and Medicaid claim
records for the linkage outcome measurement. In future trials, we will collect information on
potential connections through community programs, shelters, case managers, and syringe service
programs. Finally, research staff who conducted the follow-up visits were not blinded to participant
group assignments, which could introduce interviewer bias.

Conclusions

In this pilot RCT, the MIAPP intervention was feasible and acceptable. Further research is needed to
establish the effectiveness of interventions like MIAPP to ensure that patients who initiate MOUD
while hospitalized can be linked to and retained in MOUD treatment care.
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