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Abstract

Background: The ongoing opioid epidemic has been associated with increases in emergency department visits and
hospitalizations for drug overdose and injection-related infections. These encounters with the healthcare system provide an
opportunity to offer drug treatment linkage and support for people with opioid use disorder (PWOUD). There is a need for
interventions that enhance linkage to and engagement in treatment with medications for OUD (MOUD) for PWOUD identified
in hospital settings as they transition back to community settings.

Objective: The mTools4life study aimed to develop and evaluate a peer-led intervention integrating narrative-based health
communication into a mobile health (mHealth) application to increase post-hospitalization engagement in MOUD and reduce
substance use.

Methods: The formative phase of the study consisted of semi-structured interviews with PWOUD and clinicians who provide
care to PWOUD. Interviews sought to identify salient content to include in visual narratives within the mHealth application and
information that may increase motivations for behavior change related to MOUD engagement. The intervention was developed
in accordance with the Information-Motivation-Behavioral Skills Model, transportation theory, and the transtheoretical model.
The pilot phase of mTools4Life aimed to evaluate acceptability and usability of the intervention. PWOUD were recruited from
the Johns Hopkins Hospital Emergency Department and consented to receive the intervention for a 3-month period. Participants
completed a study survey at baseline and a 3-month follow-up. Data on demographics, past 30 day substance use, MOUD, and
intervention appropriateness and acceptability were obtained at both time points. Additional data on intervention uptake and
frequency of use were collected at follow-up. Dependent samples t-tests were conducted on continuous data and Fisher’s exact
tests were conducted on count data.

Results: Twenty PWOUD piloted the intervention. The sample was mostly male (65.0%) and white (65%) with a mean age of
41.1 (SD=8.7). Most participants (80.0%) completed the 3-month follow-up. Fewer participants reported opioid use at follow-up
(56.3%) compared to baseline (100.0%) (p=.001), and mean days of opioid use out of the past 30 days declined from baseline
(19.9, SD=11.7) to follow-up (8.3, SD=11.4) (p=.002). MOUD treatment in the prior 3 months was reported by 65.0% of
participants at baseline and 81.3% at follow-up (p=.46). Most participants used the app (68.8%) or engaged with their peer
navigator (62.5%) during the intervention period. At follow-up, mean (SD) acceptability and appropriateness scores (scale 0-5;
higher score indicating greater acceptability or appropriateness) were 4.5 (0.5) and 4.3 (0.8), respectively.

Conclusions: This study demonstrates feasibility of the development and deployment of a narrative-based mHealth intervention
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to support OUD care engagement and preliminary data in support of the intervention’s acceptability, appropriateness, and
effectiveness.
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Abstract

Background:  The  ongoing  opioid  epidemic  has  been  associated  with  increases  in  emergency

department  visits  and  hospitalizations  for  drug  overdose  and  injection-related  infections.  These

encounters with the healthcare system provide an opportunity to offer drug treatment linkage and

support for people with opioid use disorder (PWOUD). There is a need for interventions that enhance

linkage to and engagement in treatment with medications for OUD (MOUD) for PWOUD identified

in hospital settings as they transition back to community settings. 

Objective: The mTools4life study aimed to develop and evaluate a peer-led intervention integrating

narrative-based health communication into a mobile health (mHealth) application to increase post-

hospitalization engagement in MOUD and reduce substance use. 

Methods:  The formative phase of the study consisted of semi-structured interviews with PWOUD

and clinicians who provide care to PWOUD. Interviews sought to identify salient content to include

in visual narratives within the mHealth application and information that may increase motivations for

behavior change related to MOUD engagement. The intervention was developed in accordance with

the Information-Motivation-Behavioral Skills Model, transportation theory, and the  transtheoretical

model.  The  pilot  phase  of  mTools4Life  aimed  to  evaluate  acceptability  and  usability  of  the

intervention. PWOUD were recruited from the Johns Hopkins Hospital Emergency Department and

consented to receive the intervention for a 3-month period. Participants completed a study survey at

baseline and a 3-month follow-up. Data on demographics, past 30 day substance use, MOUD, and

intervention appropriateness and acceptability were obtained at both time points. Additional data on

intervention uptake and frequency of use were collected at  follow-up. Dependent samples t-tests

were conducted on continuous data and Fisher’s exact tests were conducted on count data. 

Results: Twenty PWOUD piloted the intervention. The sample was mostly male (65.0%) and white

(65%) with a mean age of 41.1 (SD=8.7). Most participants (80.0%) completed the 3-month follow-

up.  Fewer participants reported opioid use at  follow-up (56.3%) compared to  baseline (100.0%)
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(p=.001),  and  mean  days  of  opioid  use  out  of  the  past  30  days  declined  from baseline  (19.9,

SD=11.7)  to  follow-up  (8.3,  SD=11.4)  (p=.002).  MOUD  treatment  in  the  prior  3  months  was

reported by 65.0% of participants at baseline and 81.3% at follow-up (p=.46). Most participants used

the app (68.8%) or engaged with their peer navigator (62.5%) during the intervention period. At

follow-up, mean (SD) acceptability and appropriateness scores (scale 0-5; higher score indicating

greater acceptability or appropriateness) were 4.5 (0.5) and 4.3 (0.8), respectively.

Conclusions: This study demonstrates feasibility of the development and deployment of a narrative-

based mHealth intervention to support OUD care engagement and preliminary data in support of the

intervention’s acceptability, appropriateness, and effectiveness. 

Keywords:  opioid  epidemic;  opioid  use  disorder;  substance  use;  mobile  health  intervention;

mHealth; mobile application; graphic narrative; graphic novel; comics; animation
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Introduction
Over the past two decades, the opioid epidemic has been accompanied by dramatic increases in drug

overdose deaths, peaking at over 100,000 overdose deaths in 2023[1]. Similarly, injection-related

infections such as Human Immunodeficiency Virus (HIV), hepatitis B virus (HBV), hepatitis C virus

(HCV), and life-threatening bacterial and fungal infections have increased leading to skin and soft

tissue infections, osteomyelitis, endocarditis, and sepsis[2-8]. The rise in infections related to opioid

use  is  associated  with  increases  in  hospitalizations  as  demonstrated  by an  estimated  increase in

admissions for injection-related endocarditis in the United States from 2900 admissions in 2013 to

greater than 20,000 admissions in 2017[2] and increases of 12-35% for injection-related infections

from 2016 to 2018 in Michigan[8]. Nationally, infective endocarditis-related mortality increased an

average of 5% per year for people aged 25 to 34 and 2% per year for people aged 35 to 44 from 1999

to 2020 and was associated with an increase in substance use disorder as an underlying cause of

death  in  both  age  groups[9].  These  infections,  in  addition  to  non-fatal  overdose  injuries,  have

resulted in people who use drugs (PWUD) interfacing more frequently with the hospital system[7,

10]. 

Prior studies show that PWUD are less likely to engage in outpatient healthcare, with stigma

and previous negative encounters with healthcare providers and systems, cost, unstable housing, and

unreliable  transportation  frequently  cited  as  barriers  to  seeking  care[11-14].  Fear  of  withdrawal

symptoms and treatment side effects may also reduce willingness to seek medication treatment[11,

15]. Consequently, PWUD are more likely than the general population to seek emergency care[16-

18]. ED encounters with or without subsequent hospitalization provide an opportunity to offer OUD

care and encourage ongoing engagement in OUD care after ED or hospital discharge[19]. 

Treatment of OUD with buprenorphine or methadone reduces opioid use, improves quality of

life, and reduces opioid-related morbidity and mortality[20-24]. Several studies have demonstrated

high patient acceptability and effectiveness of MOUD prescription in the ED[25-28]. MOUD uptake
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and retention in community settings, however, remains low[29-31]. Interventions linking people to

MOUD that  also  support  retention  in  community-based  treatment  are  needed.  The  use  of  peer

recovery support services (P-RSS) is an approach to retention that provides support to challenge

stigmatizing beliefs about long-term use of MOUD and offers relatable modeling for self-efficacy

and behavior change. Peer navigation by individuals with lived experience has been associated with

success  in  linking  people  with  OUD  (PWOUD)  in  acute  care  settings  to  community  MOUD,

reducing substance use, increasing retention in OUD care, and reducing ED and inpatient hospital

readmission[32-34]. 

The mTools4life study sought to develop and evaluate a peer-based intervention integrating

narrative-based health communication into a mobile health (mHealth) application to increase post-

hospitalization  engagement  in  MOUD  through:  1)  formative  work  with  PWOUD  and  service

providers and 2) development, pilot, and evaluation of the intervention. Integration of narratives for

health communication into mHealth tools may further expand the reach of narratives as a health

information tool and provide additional resources for the intended behavior change of substance use

disorder care engagement[35-40].

The  mTools4Life  intervention  development  is  guided  by  the  Information-Motivation-

Behavioral  Skills  Model  (IMB) for  health  behavior  change and transportation  theory.  The IMB

model  asserts  that  provision  of  information  can  drive  motivation  and  increase  self-efficacy  in

behavioral skills and the interactions of these constructs can evoke behavior change[41]. Various

interventions,  including  mHealth  applications,  based  on  the  IMB Model  have  produced  lasting

behavior  change[42,  43].  The  IMB  model  is  often  used  as  a  foundation  for  mHealth

interventions[44]. Providing  information  in  narrative  format  has  been  shown to  be  an  effective

approach  to  enhancing  health  communication  to  promote  behavior  change[45].  Health

communication through storytelling of health seeking, care access, and the recovery journey from

individuals with a lived experience of substance use and recovery (i.e.,  peer navigators) may be
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particularly  effective  as  a  communication  tool  for  sustained  health  behavior  change[46,  47].

Transportation  theory  describes  the  sensation  of  being  mentally  immersed  in  the  imagery  of  a

narrative.  Transportation  has  the  potential  to  significantly  impact  behavior  change  through  the

reduction of cognitive counter arguments, new connections with characters who are successful at

obtaining OUD care, vivid mental imagery, and emotional engagement with the story [48-50]. 

Methods

Study Design and Setting

The  mTools4Life  study  was  a  multiphase  formative  and  exploratory  research  study  that

aimed to develop and evaluate an intervention to enhance linkage to care for PWOUD through a peer

support-based and narrative-centered intervention with mobile phone support. The core intervention

consists of a peer navigator trained in P-RSS and a guided introduction to the mTools4Life mobile

application.

The formative phase of the study included semi-structured interviews with four PWOUD and

four providers of care to PWOUD, which were thematically analyzed to identify: 1) key moments in

substance use and recovery to include in the narratives; 2) salient information that may increase

motivations for long term use of MOUD; and 3) perspectives on barriers and facilitators of OUD

treatment engagement to address in the mobile application. The qualitative interview results were

used  to  develop  the  intervention,  including  creation  of  narratives  and  content  embedded  in  the

mobile  application.  After  deployment,  mTools4Life  underwent  pilot  usability  and  acceptability

testing.  PWOUD were  recruited  from the  Johns  Hopkins  Hospital  (JHH) ED and  consented  to

receive the intervention for a 3-month period. Participants provided informed consent and completed

a study survey at baseline and 3-month follow-up. The study was approved by the Johns Hopkins

University School of Medicine Institutional Review Board.

mTools4Life Application

Based on the identification of food insecurity, homelessness, transportation, and employment
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challenges  as  barriers  to  substance  use  recovery  during  the  formative  phase,  tools  aimed  at

addressing these issues were embedded in the mobile application. The application is downloadable

for Apple and Android smartphones and includes five main sections: 1) My Health, which consists of

peer navigator contact information, medication reminders, appointment reminders, and a withdrawal

symptom tracker; 2) Resources; 3) Chat, to easily connect with a peer navigator by text or phone

call; 4) Stories, which depicts two individuals’ recovery journeys; and 5) the Crisis Hotline. The

Resources section includes access to a list of geolocated community resources in Baltimore City,

broken  down  into  five  categories:  food  assistance,  housing  assistance,  employment  assistance,

transportation assistance, and syringe exchange. Syringe exchange was included as a resource for

substance use harm reduction.  Short motivational messages developed in collaboration with peer

navigators  and  clinical  providers  of  substance  use  care  intended  to  promote  self-efficacy  and

motivation  for  seeking treatment  for  OUD were embedded in  the  application  and automatically

deployed every other day.

Design of Narratives 

 
Roozenburg’s empirical design cycle[51, 52] was employed to guide the iterative process of

developing the  mTools4Life  narratives  (Figure 1). The narratives were created based on the data

collected from semi-structured interviews conducted in the Formative Phase and discussions with

two  peer  navigators  and  a  nurse  practitioner  involved  in  treating  patients  with  OUD.  The

transtheoretical model (TTM) provided a foundation for organizing narrative elements around stages

of change[53] (Supplement 1). Decisional balance, a construct of TTM, represents an individual’s

assessment  of  the  pros  and  cons  of  change  as  they  transition  through  the  Precontemplation,

Contemplation,  Action,  and  Maintenance  stages[53].  Interviews  were  analyzed  qualitatively  for

factors that were identified by participants as crucial to the decision to seek treatment for OUD or

remain in recovery, including attitudes and beliefs, barriers to change, and information needed to
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pursue treatment. These factors, along with additional events and experiences documented in the

interviews, were organized into pros and cons (Supplement 2) and then reframed as exemplar events

and experiences (Supplement 1). The exemplars were grouped according to the TTM stage to which

they best corresponded. For example, an exemplar experience of learning that taking buprenorphine

is not “just  trading one drug for another” could promote a character’s transition from a state of

ambivalence to having a desire for change as they contemplate the pros and cons of treatment. This

exemplar was, therefore, placed under the Contemplation stage in TTM.

The  exemplars  were  then  combined  and  arranged  into  four  narratives  that  represented

different  races  and  genders.  Each  narrative  followed  the  structure  of  TTM,  which  creates  an

opportunity for a narrative arc as the main character takes action and faces challenges during each

stage,  experiencing  rises  and declines  in  positive  emotions  typical  of  popular  narratives[54].  In

accordance with the IMB model, the stories provided health information relevant to OUD treatment

and were intended to promote self-efficacy related to a personal recovery journey, thereby increasing

motivation for behavior change. The narrative characters model self-efficacy as they move through

stages of TTM. For example, one character believed that modifying her normal path home could help

her avoid her drug dealer and avoid drug use (Figure 2).

In accordance with transportation theory, the narratives were designed with consideration for

features of stories that can positively affect transportation levels, including: identifiable, relatable

characters; an imaginable, vivid plot; and verisimilitude of the narrative events[55]. For the recipient,

the level of attention paid, familiarity with the subject, their demographics, and  situational factors

surrounding the expectations of the narrative can affect the level of transportation into a story[55]. To

address these recipient-related factors, peer navigators helped familiarize participants with the app’s

purpose and features during study enrollment. 

Of  the  four  written  narratives,  two  were  chosen  for  full  development  into  the  graphic

narrative format (i.e., graphic novels, comics) (Figures 2-3, Supplements 3-4).  The narratives were
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illustrated using Adobe Photoshop (Adobe Systems, San Jose, California) by a medical illustrator

with graduate level training and experience working in this format. Simple animations (Supplements

5-6) consisting of fades between images and character voice overs were created with  Adobe After

Effects.  The graphic narratives  and animations  were incorporated into the Stories  section of  the

application.

Peer Navigators

Three  peer  navigators  with  previous  experience  with OUD peer  recovery  support  within

outpatient and inpatient care settings provided support to participants, including through sharing their

own personal narratives of recovery. Peer navigators provided support based on the principles of

Recovery Support Services, including harm reduction, nonjudgment, person-centered support, and

self-advocacy[56]. Peer navigators were trained to support study participants in downloading the

mTools4Life app and demonstrated use of the app. Peer navigators utilized a participant engagement

protocol with an expectation for at least weekly outreach either by phone or in-person. Contacts were

recorded in a spreadsheet and were considered successful if contact was achieved (i.e., contact was

reciprocal) or unsuccessful if contact attempts were not returned (e.g., text was unanswered, phone

call was unanswered, and voicemail did not receive a response).

Pilot Phase Procedures

Patients accessing care at the Johns Hopkins Hospital Emergency Department between April

2022 and August 2022 were recruited for participation in the pilot phase. Individuals were eligible

for the study if  they presented to the ED with a substance use related condition (e.g.,  cellulitis,

overdose, or wound care), reported any use of illegal opioids or opioids not as prescribed in the

previous 30 days, were English-speaking, and possessed a smartphone capable of downloading the

mTools4Life  app.  Patients  were  excluded  if  they  were  unable  or  unwilling  to  engage  in  study

procedures. 

Patients were referred for study participation either by ED staff (e.g., clinicians, nurses, social
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workers) or through assessment of potential eligibility based on chart review conducted by research

staff.  A research coordinator met  with eligible  patients,  obtained informed consent,  administered

baseline assessments, and connected enrolled participants to an assigned peer navigator. Baseline

assessments consisted of questions about demographics, employment, substance use, readiness for

and confidence in their ability to reduce or cease substance use, physical and mental health, stigma,

social support, and acceptability and appropriateness of the mTools4Life intervention.

Upon completion of the baseline assessments, participants were assigned to one of three peer

navigators  who  met  with  participants  either  prior  to  ED  discharge  or  in  the  community  after

discharge. Peer navigators were available by phone or in-person from 8:30am to 5:00pm, Monday

through Friday. The number and purpose of engagements with participants were recorded.

Participants were contacted by research staff three months post-enrollment and scheduled to

complete a follow-up assessment. The follow-up assessment included the baseline questions about

substance use and MOUD, as well as questions asking about participants’ uptake of and satisfaction

with  the  intervention,  described  more  in  the  following  section.  Participants  received  $25  for

completing the follow-up assessment.

Pilot Phase Measures and Analyses

The primary outcomes of interest were engagement in MOUD treatment in the past three

months (yes/no) and past 30-day substance use (yes/no). Secondary outcomes included number of

days of substance use in the past 30 days, importance of, confidence in, and readiness for cutting

down or quitting substance use, and acceptability of, appropriateness of, and satisfaction with the

intervention. 

Participants  were  asked  three  questions  at  each  time  point  to  assess  the  importance  of,

confidence in, and readiness for making a change (cutting down/quitting) in their substance use.

Responses were measured on a scale of 1 to 10, where 1 means not at all (important/confident/ready)

and  10  means  extremely  (important/confident/ready).  These  tools  have  generally  been  found  to
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predict behavior change in studies of PWUD and other substances[57-59].

Two four-item scales, the Acceptability of Intervention Measure (AIM) and the Intervention

Appropriateness  Measure (IAM),  were used to  evaluate  acceptability  and appropriateness  of  the

intervention[60]. Participants rated a series of statements about the intervention’s acceptability and

appropriateness for connecting people to treatment for OUD from 1 (“Completely disagree”) to 5

(“Completely  agree”).  We  calculated  participants’ average  score  for  each  measure  out  of  5.  A

participant was determined to have rated the intervention as acceptable or appropriate if their average

score was greater than 3.

Participant  evaluation  of  peer  navigators  was  measured  using  the  TCU  Treatment

Engagement form questions on Counseling Rapport[61]. This 11-item tool was modified to replace

the word “counselor” with “peer navigator.” The total score for this scale ranges from 11 to 55, with

higher scores indicating greater rapport.

Data on mobile application usage were self-reported by participants. Satisfaction with the app

was measured using questions from the mHealth App Usability  Questionnaire  (MAUQ)[62],  the

Usefulness,  Satisfaction,  and  Ease  of  use  (USE)  questionnaire[63],  and  the  Telehealth  Usability

Questionnaire (TUQ)[64]. Participants were asked five questions on usability, nine on usefulness,

and eight on satisfaction and rated their agreement with each statement on a scale of 1 (“Disagree”)

to 7 (“Agree”). Total scores range from 5 to 35 for the usability subscale, 9 to 63 for the usefulness

subscale, and 8 to 56 for the satisfaction subscale. Four statements rated on the 1 (“Disagree”) to 7

(“Agree”) scale were used to measure transportation into the narratives, 3 of which came from the

Transportation Scale–Short Form (TS–SF)[65]. Relatability to the characters was measured with the

statement, “I could relate to the characters in the stories in the app,” modified from the original

wording, “While reading the narrative I had a vivid image of [character name].”[65] Higher scores

indicated  greater  usability,  usefulness,  and  satisfaction  with  the  app  and  transportation  into  the

narratives. 
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Frequencies and means were obtained to describe sociodemographic characteristics and the

outcomes. Fisher’s exact tests were conducted to assess the differences in the number of participants

who  reported  using  substances  and  who  reported  receiving  MOUD  at  follow-up  compared  to

baseline.  Dependent  samples  t-tests  were conducted on paired data to examine the difference in

number of days of substance use in the past 30 days at baseline and follow-up (n=16). All analyses

were conducted using R version 4.3.1.

Results

Formative Phase

Supplement 1 and Supplement 2 summarize interview data analyzed during the formative

phase, which were utilized to design the narratives. Both provider and patient opinions on the format

of the narratives varied. Patient participants expressed that a mixture of different formats would be

useful given that individual preferences vary. Some pointed to animation as the best option, citing

potentially low attention spans and low literacy levels among participants. Concerning the narrative

content,  the  majority  of  patients  expressed  that  narratives  should  not  include  any  directives  or

patronizing content about consequences of continued drug use. They generally expressed that there

should be an emphasis on the benefits that treatment can bring to someone’s life and that withdrawal

is not as painful with MOUDs. Both provider and patient participants identified smartphone delivery

of the content as a potential problem, noting that many PWOUD don’t have cell phones, and that

many inpatient treatment facilities don’t allow patients to bring their cell phones.

Pilot Phase: Study Sample

Overall, 219 people seen in the JHH ED for a substance use-related condition were referred

for study participation during the recruitment period. Of 219, 14 declined to participate, 180 were

screened and excluded for not meeting eligibility criteria, and 5 were enrolled but did not complete

the  baseline  assessment.  The  most  common  reasons  for  non-eligibility  included  not  having  a

smartphone (n=85; 47.2%) and no opioid use in the past 30 days (n=62; 34.4%). The final sample of
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20 participants was predominantly male (65.0%) and white (65.0%) (Table 1). The sample had a

mean (SD) age of 41.1 (8.7) years. Half (n=10) of the participants reported being homeless in the

preceding three months. Most participants (n=16, 80%) completed the 3-month follow-up interview.

Table 1. Demographics of study sample (N=20)

Characteristic Frequency (%)
Age, mean (SD) 41.1 (8.7)
Male 13 (65.0%)
Race and ethnicity  

Non-Hispanic White 13 (65.0%)
Non-Hispanic Black 5 (25.0%)
Hispanic or Latino 1 (5.0%)
Other 1 (5.0%)

Phone operating system  
Android 16 (80.0%)
Apple 4 (20.0%)

Homeless, past 3 months 10 (50.0%)
Health insurance  

Medicaid 19 (95.0%)
Medicare 2 (10.0%)
Other (military or private) 2 (10.0%)

Highest education attainment  
Less than high school 2 (10.0%)
High school diploma 8 (40.0%)
Beyond high school 10 (50.0%)

Relationship status  
In a committed relationship 6 (30.0%)
Separated, divorced, widowed, single 14 (70.0%)

Infectious diseases  
HIV infection 2 (10.0%)
Ever diagnosed with HCV 8 (40.0%)

Opioid overdose  
Any history of opioid overdose 12 (60.0%)
Opioid overdose in past 90 days 3 (15.0%)

Injection drug use in past 90 days 14 (70.0%)
Opioid use in the past 30 days 20 (100.0%)
Cocaine use in the past 30 days 14 (70.0%)

Substance Use and Readiness to Change

All participants reported opioid use in the past 30 days at baseline (100.0%). At follow-up,

opioid use declined to 56.3% (p=.001; Table 2). Mean (SD) days of opioid use in the past 30 days
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declined from 19.9 (11.7) to 8.3 (11.4) (p=.002; Table 3). Cocaine was used by 70.0% of participants

at baseline and 37.5% of participants at follow-up (p=.09). Mean (SD) days of cocaine use declined

from 13.3 (12.2) to 4.8 (9.4) in the past 30 days (p=.005). 

Table 2. Substance use in the past 30 days at baseline and 3-month follow-up

Table 3. Mean days of substance use during past 30 days (n=16).

Substance Mean (SD) at baseline Mean (SD) at follow-up t-value (95% CI) p-value

Any opioid 19.9 (11.7) 8.3 (11.4) -3.7 (-18.2, -4.9) 0.002

Cocaine 13.3 (12.2) 4.8 (9.4) -3.3 (-13.9, -3.0) 0.005

Cannabis 3.3 (5.2) 2.8 (7.5) -0.3 (-4.1, 3.1) 0.77
Alcohol 2.4 (7.5) 2.2 (7.5) -0.5 (-0.9, 0.6) 0.59

The mean score for perceived importance of making a change (quitting or cutting down) in

substance use increased from 9.1 (SD=1.1) at baseline to 9.8 (SD=0.5) at 3-month follow-up on a 10

point scale (p=.009). Participant confidence in perceived ability to make a change in substance use

had a mean score of 7.6 (SD= 2.5) at baseline and a mean score of 8.4 (SD= 2.2) at  follow-up

(p=.13). At baseline, readiness to make a change in substance use had a mean score of 8.6 (SD= 2.6)

and a mean score at follow-up of 8.8 (SD= 2.1) (p=.73).

Substance Use Treatment 

At baseline, 13 of 20 participants (65.0%) had received MOUD treatment in the previous 3

months, including 55.0% (n=11) who received methadone, 15.0% (n=3) buprenorphine, and 5.0%

(n=1) long-acting naltrexone. At follow-up, 13 of 16 participants (81.3%) who completed 3-month

follow-up assessment reported receipt of MOUD in the previous 3 months, with 62.5% (n=10) who

Substance Frequency  at  baseline
(%), n=20

Frequency  at  follow-up
(%), n=16

p-value

Any opioid  20 (100.0%)  9 (56.3%)  0.001 
Heroin 17 (85.0%) 9 (56.3%) 0.07
Cocaine  14 (70.0%)  6 (37.5%)  0.09
Cannabis  9 (45.0%)  6 (37.5%)  0.74 
Alcohol  4 (20.0%)  3 (18.8%)  1.00
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received  methadone  and  37.5% (n=6)  who received  buprenorphine.  Of  the  13  participants  who

reported recent MOUD treatment at follow-up, 11 (84.6%) also reported MOUD use in the 3 months

preceding baseline. There was no significant difference in the number of participants who received

MOUD in the 3 months preceding baseline and follow-up (p=.46).

Acceptability and Appropriateness of Intervention 

At baseline, the mean Acceptability of Intervention Measure (AIM) scale score was 4.1 (5-

point scale; SD=0.4), and 94.7% (18/19) rated the intervention as acceptable (score of >3; Table 4).

At follow-up, the mean (SD) AIM score was 4.5 (0.5), and 100.0% (n=16/16) of participants rated

the intervention as acceptable. 

Regarding  the  appropriateness  of  the  intervention,  the  mean  (SD)  Intervention

Appropriateness  Measure  (IAM)  scale  score  at  baseline  was  4.0  (0.4),  and  100.0% (19/19)  of

participants rated the intervention as appropriate. At follow-up, the mean (SD) IAM score was 4.3

(0.8), and 93.8% (15/16) of participants rated the intervention as appropriate.

Table 4. Acceptability and appropriateness of intervention ratings.

  Baseline  Follow-up 
   Mean  score

(SD), n=19  
#  who  answered
agree  or
completely agree
(%)  

Mean  score
(SD), n=16 

# who answered
agree  or
completely
agree (%) 

Acceptability  of
Intervention
Measure total score

4.1 (0.4)      4.5 (0.5)    

The intervention meets
my approval.  

4.2 (0.7)   18 (94.7%)   4.3 (0.5)  16 (100.0%) 

The  intervention  is
appealing to me.  

4.0 (0.8)   17 (89.5%)   4.6 (0.5)  16 (100.0%) 

I like the intervention.   4.3 (0.5)   19 (100.0%)   4.6 (0.5)  16 (100.0%) 
I  welcome  the
intervention. 

4.1 (0.5)   18 (94.7%)   4.4 (1.0)  14 (87.5%) 

Intervention
Appropriateness
Measure total score

4.0 (0.4)      4.3 (0.8)    

The intervention would 3.9 (0.7)   16 (84.2%)   4.3 (0.9)  14 (87.5%) 
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fit my needs.  
The  intervention  feels
suitable to me.  

4.1 (0.3)   19 (100.0%)   4.2 (0.8)  14 (87.5%) 

The intervention seems
like a good match.  

4.1 (0.3)   19 (100.0%)   4.3 (0.8)  15 (93.8%) 

Intervention Uptake

At  follow-up,  11  of  16  participants  (68.8%)  reported  using  the  app  at  least  once  since

baseline. Reasons for not using the app included: forgot about the app (n=3); lost phone (n=2); lost

access to or couldn’t access app (n=1); and forgot how to use the app (n=1). 

Ten participants (62.5%) reported engaging with the peer navigator at least once following

the baseline assessment. Reasons for not engaging with the peer navigator included: lost cell phone

or cell service (n=2); forgot about the peer navigator (n=2); and not interested in peer support (n=1).

More  than  half  of  participants  (n=9,  56.3%)  reported  engagement  with  both  the  app  and  peer

navigator, while four participants (25.0%) engaged with neither; two participants (12.5%) used the

app but did not engage with the peer navigator, and one participant (6.3%) engaged with the peer

navigator, but did not use the app. All participants who engaged with their peer navigator rated their

satisfaction with their assigned peer navigator at follow-up. The mean (SD) satisfaction score was

51.7 (3.5) out of a total score of 55.

Participants who reported engaging with the intervention were asked about the frequency of

using each component. The most frequently used aspect of the intervention was communication with

the peer navigators, with a mean score of 2.6 (SD=0.7; scale 0 to 5, higher scores indicating closer to

daily use). App use had a mean score of 1.9 (SD=0.7).

Of the app components, the stories (1.7, SD=0.8) and the resource list (1.4, SD=0.9) were

used most frequently, followed by medication reminders (1.0, SD=1.4) and appointment reminders

(0.9, SD=1.2). No participants reported using the app to record symptoms of withdrawal.

Throughout the 3-month follow-up phase, peer navigators recorded a total of 234 contacts or
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contact attempts, of which 141 (60.3%) were successful and 93 (39.7%) were unsuccessful. Peer

navigators recorded a mean (SD) of 11.7 (5.0) contacts per participant. Each participant had a mean

of 7.1 (SD=4.7)  successful or  reciprocal  contacts  and 4.7 (SD=3.4)  unsuccessful  or  unanswered

contact attempts from their peer navigator. Most contacts (n=125, 53.4%) were via phone call, 65

contacts (27.8%) were in-person, with the rest of the contacts (n=25, 10.7%) through text message,

mTools4Life app (n=5, 2.1%), Zoom (n=1, 0.4%), letter (n=1, 0.4%), or other (n=12, 5.1%). The

primary purpose of most of the contacts was outreach (n=164, 70.1%), followed by coaching and

mentoring  (n=34,  14.6%).  The  remaining  contacts  had  the  primary  purpose  of:  appointment

schedule/reminder (n=4, 1.7%), engagement with mTools4Life app (n=6, 2.6%), housing support

(n=1, 0.4%), link to healthcare (n=2, 0.9%) or substance use disorder treatment (n=7, 3.0%), or other

(n=16, 6.8%).

Usability and Usefulness of App

Responses on usability and usefulness of the app were available for the 11 (68.7%) study

participants who reported using the app at follow-up. The mean (SD) rating of the usability of the

app was 33.9 (1.7) out of a total score of 35. The mean (SD) usefulness rating was 59.7 (5.2) out of a

total score of 63, and the mean (SD) satisfaction rating was 54.8 (2.1) out of a total score of 56.

Participants who engaged with the stories (n=10) generally reported favorable responses related to

transportation  into  the  narratives  (Table  5).  The  mean  (SD)  rating  for  all  transportation-related

statements was 5.9 (1.8) out of 7 total points.

Table 5. Agreement with statements about stories (n=10)a

Statement Mean (SD)
I could relate to the characters in the stories in the app.b,c 6.4 (1.1)
I was mentally involved in the stories while watching them.d 5.9 (2.1)
I wanted to learn how the stories ended. 5.8 (2.1)
The stories affected me emotionally. 5.5 (2.0)

aFour statements were used to measure transportation into the narratives on a scale of 1 (“Disagree”)

to 7 (“Agree”).
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bRelatability of the characters was measured with a modified statement.

cn=9 due to missing data.

dn=8 due to missing data.

Discussion

Principal Results

In this study we demonstrated successful development and deployment of a peer-supported,

narrative-based, and mobile-supported intervention with preliminary evidence of effectiveness  as

demonstrated by reduction in  substance use at  3-month follow up compared to  baseline.  To the

authors’ knowledge, this is the first study to evaluate narratives embedded into a mobile application

to address substance use disorder treatment engagement. 

While a higher proportion of participants reported MOUD at 3-month follow-up compared to

baseline (81.3% vs 65%) these differences are difficult to interpret due to small sample size and the

loss to follow up. The reduction in substance use overall and in paired analysis among participants

with  both baseline and follow-up data  is  reassuring  and provides  some preliminary evidence  of

intervention effectiveness. 

The intervention was judged by study participants to be highly acceptable and appropriate.

The component of the intervention that participants reported using most frequently was engaging

with  the  peer  navigators.  It  is  thus  possible  that  this  component  of  the  intervention  contributed

significantly  to  study  findings  of  increased  scores  on  perception  of  importance  in  change  in

substance use and the observed reduction in substance use. These study findings are supported by an

extensive body of literature demonstrating the effectiveness of peer-based interventions in improving

a range of outcomes related substance use disorder, including increased retention in substance use

disorder (SUD) treatment and reduced rates of relapse[66]. The ability of peer navigators to engage

with people who use drugs in culturally congruent ways,  role model the substance use recovery

journey, and provide a range of supports including recovery and other social support (informational
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and emotional support) likely contributes to the effectiveness of peer recovery support interventions.

The Chat  feature  and reminders  within the  mobile  application could  facilitate  contact  with peer

navigators, potentially augmenting the positive effects of P-RSS.

Overall,  while nearly three-quarters of participants who completed the 3-month follow-up

reported  use  of  the  mobile  application  at  least  once,  mobile  application  components  of  the

intervention were used infrequently. The data on uptake of mobile application tools for substance use

treatment or recovery support is mixed, with some studies reporting high uptake and effectiveness,

and others reporting low uptake[67, 68]. Previously reported reasons for low uptake or effectiveness

of mobile applications include low perceived usefulness, having limited access to or comfort with the

technology, privacy concerns, and lack of personal motivation to engage in the intervention[67-70].

The component of the mobile application that participants engaged with most frequently was the

Stories section. The visual narratives may have thus contributed to provision of information with

potential  to  change  motivation  and  behavioral  skills  related  to  substance  use  recovery  and

engagement  in  care for  OUD. Engagement  with narratives  may have  been limited,  with only 2

narratives embedded in the app. 

The graphic narrative and animation formats were chosen with the aim of harnessing the

ability  of  visuals  to  enhance  learning[71-74] and the  power  of  narrative  transportation  to  affect

behavior change[48-50] and appear to have been successful overall. Participants who engaged with

the stories generally reported favorable responses related to transportation into the narratives (Table

5). Recipients with a lower self-reported ability to generate vivid mental imagery have been shown to

experience  lower  levels  of  transportation  into  text-based  narratives  than  narratives  with

accompanying visuals[75].  The graphic  narratives  and animations  in  this  intervention  may have

assisted with  overcoming this  barrier  by enabling such recipients  to  experience  higher  levels  of

transportation. 

The  development  of  narratives  from  remixes  of  reported  lived  experiences  offered  the
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opportunity to convey sensitive narratives about PWOUD visually. Sequential drawings as opposed

to fotonovelas[76] or video allowed for depictions of characters in simplified, iconic visual form,

which may differ  from photographic representations in  their  ability  to  communicate  information

efficiently[77].  Visualizing  topics  such  as  OUD-related  injuries  in  an  iconic  style  also  avoids

photorealism of potentially disturbing content.

Video testimonials have been employed as a means of persuading patients to taper off opioids

for chronic pain[78]. A drawback of employing video testimonials for OUD is the lack of storyteller

anonymity required while discussing sensitive personal topics. Purely text-based testimonials, which

would allow anonymity, may be less engaging for individuals with low literacy levels or low ability

to generate vivid mental imagery[75]. The visual narratives allowed for anonymity of the storytellers

which enabled a vivid portrayal of content and behaviors that might not be discussed in testimonials.

The format has potential as an effective approach to conveying health information related to SUD.

Limitations

While this study has several strengths, including a behavior therapy-driven and systematic

approach to intervention development, incorporating the perspectives and experiences of PWOUD

and  providers  of  care  to  PWOUD in  intervention  development  and  successful  non-incentivized

intervention  deployment,  the  study  also  has  several  limitations.  These  limitations  include  the

observational  nature  of  this  pilot  study,  with  only  20  participants  enrolled.  We  are  unable  to

demonstrate which components of the intervention (peer navigation or mobile application support

components) were most effective. We were also unable to capture metrics for mobile application

usage and thus unable to quantitatively describe use of mobile application components. Finally, of

the 219 patients referred for study participation, 85 (38.8%) failed to meet eligibility criteria due to

not possessing a smartphone. This represents a lower rate of smartphone ownership than in a recent

study of 494 people who inject drugs in Fresno, CA where 13% did not own a smartphone[79]. This

exclusion criterion in the current study could have led to participants having less severe OUD, given

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

that PWOUD who have cellphones have been shown to be less likely to be unhoused, share syringes,

and reuse syringes[79]. More severe OUD could also be associated with a higher likelihood of ED

visits, leading to lower smartphone ownership in this sample. Future evaluations of the intervention

with a randomized controlled design could include a printed version of the intervention’s content or

include playing the animated versions of the narratives in the hospital to broaden participation to

PWOUD without smartphones. 

Conclusions

This study demonstrates feasibility of development and deployment of a peer-led, narrative-

based  intervention  to  support  substance  use  disorder  care  engagement  and  preliminary  data  in

support of acceptability, appropriateness, and effectiveness. These data show a reduction in substance

use  at  3-month  follow  up  compared  to  baseline.  The  embedded  visual  narratives  represent  a

promising  approach  for  provisioning  information  and  potentially  evoking  behavior  change  in

accordance with the IMB model and transportation theory. Rigorous evaluation with a randomized

controlled design in a larger population is needed to determine intervention effectiveness and which

components of the intervention are critical for effectiveness.
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Figure 1. The modified version of Roozenburg’s empirical design cycle that was used in the process

of developing the mTools4Life narratives. 

Figure 2. Representative images from Eva’s Story, one of two visual narratives included in the story.
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Figure 3.  Representative images from James’s Story, one of two visual narratives included in the

story.

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

Funding

This work was supported through a Johns Hopkins Discovery Grant.

Conflicts of Interest

The authors declare the following financial interests/personal relationships which may be considered
as potential competing interests: OFN discloses institution research funding from AbbVie Inc. and
medical advisory funding from Gilead. All other authors report no conflict of interest.

Data Availability

The datasets generated during this study are available from the corresponding author on reasonable
request.

Authors’ Contributions (recommended)

Maria  C.  Latimer:  Data  curation,  Formal  analysis,  Writing  –  original  draft.  Lydia  Gregg:
Conceptualization,  Methodology,  Visualization,  Writing  –  original  draft.  Mustapha  Saheed:
Conceptualization, Writing – review & editing. Karin E. Tobin: Conceptualization, Writing – review
& editing. Sharon M. Kelly: Data curation, Validation,  Writing – review & editing. Tracy Agee:
Supervision, Writing – review & editing. R. Joshua Steele: Software, Writing – review & editing.
Nick Frankiewicz: Data collection, Writing – review & editing. Tarfa Verinumbe: Data collection,
Writing – review & editing. Carl A. Latkin: Conceptualization, Methodology, Writing – review &
editing.  Oluwaseun Falade-Nwulia:  Conceptualization, Funding acquisition,  Methodology, Project
administration, Writing – original draft.

Abbreviations

AIM: Acceptability of Intervention Measure
ED: emergency department
HBV: hepatitis B virus
HCV: hepatitis C virus
IAM: Intervention Appropriateness Measure
IMB: Information-Motivation-Behavioral skills 
mHealth: mobile health
MOUD: medication for opioid use disorder
OUD: opioid use disorder
P-RSS: peer recovery support services
PWOUD: people with opioid use disorder
PWUD: people who use drugs
SUD: substance use disorder
TTM: transtheoretical model

References

1. NIDA.  Drug  Overdose  Deaths:  Facts  and  Figures.  National  Institute  on  Drug  Abuse
website2024  [updated  August  21,  2024June  18,  2025];  Available  from:
https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates.
2. See I, Gokhale RH, Geller A, Lovegrove M, Schranz A, Fleischauer A, et al. National Public
Health Burden Estimates of Endocarditis and Skin and Soft-Tissue Infections Related to Injection
Drug  Use:  A  Review.  J  Infect  Dis.  2020  Sep  2;222(Suppl  5):S429-S36.  PMID:  32877563.  doi:
10.1093/infdis/jiaa149.

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

3. Gomes T, Tadrous M, Mamdani MM, Paterson JM, Juurlink DN. The Burden of Opioid-Related
Mortality  in  the  United  States.  JAMA  Network  Open.  2018  Jun  01;1(2):e180217.  doi:
10.1001/jamanetworkopen.2018.0217.
4. Spencer MR, Minino AM, Warner M. Drug Overdose Deaths in the United States, 2001-2021.
In: Brief ND, editor. Hyattsville, MD: National Center for Health Statistics; 2022.
5. Wong  CY,  Zhu  W,  Aurigemma  GP,  Furukawa  N,  Teshale  EH,  Huang  Y-lA,  et  al.  Infective
Endocarditis  Among  Persons  Aged  18–64  Years  Living  with  Human  Immunodeficiency  Virus,
Hepatitis C Infection, or Opioid Use Disorder, United States, 2007−2017. Clinical infectious diseases.
2021;72(10):1767-81. doi: 10.1093/cid/ciaa372.
6. Marks LR, Nolan NS, Liang SY, Durkin MJ, Weimer MB. Infectious Complications of Injection
Drug  Use.  The  Medical  clinics  of  North  America.  2022;106(1):187-200.  doi:
10.1016/j.mcna.2021.08.006.
7. Ronan MV, Herzig SJ. Hospitalizations Related To Opioid Abuse/Dependence And Associated
Serious  Infections  Increased  Sharply,  2002–12.  Health  Affairs.  2016  May  01;35(5):832-7.  doi:
10.1377/hlthaff.2015.1424.
8. Coyle  JR,  Freeland  M,  Eckel  ST,  Hart  AL.  Trends  in  Morbidity,  Mortality,  and  Cost  of
Hospitalizations Associated With Infectious Disease Sequelae of the Opioid Epidemic. The Journal of
infectious diseases. 2020;222(Supplement_5):S451-S7. doi: 10.1093/infdis/jiaa012.
9. Chobufo MD, Atti V,  Vasudevan A, Bhandari  R,  Badwhar V,  Baddour LM, et al.  Trends in
Infective Endocarditis Mortality in the United States: 1999 to 2020: A Cause for Alarm. Journal of
the American Heart Association. 2023;12(24). doi: 10.1161/JAHA.123.031589.
10. Singh JA, Cleveland JD. National U.S. time-trends in opioid use disorder hospitalizations and
associated  healthcare  utilization  and  mortality.  PLoS  ONE.  2020;15(2).  doi:
10.1371/journal.pone.0229174.
11. Hall  NY,  Le  L,  Majmudar  I,  Mihalopolous  C.  Barriers  to  accessing  opioid  substitution
treatment  for  opioid  use  disorder:  A  systematic  review  from  the  client  perspective.  Drug  and
Alcohol Dependence. 2021;221. doi: 10.1016/j.drugalcdep.2021.108651.
12. Moallef S, Dale L, Homayra F, Zonneveld C, Milloy MJ, Nosyk B, et al. Suboptimal nonmedical
qualities of primary care linked with care avoidance among people who use drugs in a Canadian
setting  amid  an  integrated  health  care  reform.  Journal  of  substance  abuse  treatment.
2022;139:108784-. doi: 10.1016/j.jsat.2022.108784.
13. Ruiz  MS,  Williams A,  O’Rourke A,  MacIntosh  E,  Moné S,  Clay  C.  The Impact  of  Housing
Insecurity  on  Access  to  Care  and  Services  among  People  Who  Use  Drugs  in  Washington,  DC.
International  journal  of  environmental  research  and  public  health.  2022;19(13):7561.  doi:
10.3390/ijerph19137561.
14. Heidari O, Tormohlen K, Dangerfield DT, 2nd, Tobin KE, Farley JE, Aronowitz SV. Barriers and
facilitators to primary care engagement for people who inject drugs: A systematic review. J Nurs
Scholarsh. 2023 May;55(3):605-22. PMID: 36480158. doi: 10.1111/jnu.12863.
15. Maradiaga JA, Nahvi S, Cunningham CO, Sanchez J, Fox AD. “I  kicked the hard way. I  got
incarcerated.”  Withdrawal  from  methadone  during  incarceration  and  subsequent  aversion  to
medication assisted treatments. Journal of substance abuse treatment. 2016;62:49-54.
16. Lewer D, Freer J, King E, Larney S, Degenhardt L, Tweed EJ, et al. Frequency of health-care
utilization by adults who use illicit drugs: a systematic review and meta-analysis. Addiction. 2020
Jun;115(6):1011-23. PMID: 31705770. doi: 10.1111/add.14892.
17. Bahorik AL, Satre DD, Kline-Simon AH, Weisner CM, Young-Wolff KC, Campbell CI. Alcohol,
Marijuana, and Opioid use Disorders: 5-Year Patterns and Characteristics of Emergency Department
Encounters. Substance Abuse. 2018;39(1). doi: 10.1080/08897077.2017.1356789 

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

18. Penzenstadler L,  Gentil L,  Huỳnh C,  Grenier G, Fleury M-J.  Variables associated with low,
moderate and high emergency department use among patients with substance-related disorders.
Drug and alcohol dependence. 2020;207:107817. doi: 10.1016/j.drugalcdep.2019.107817.
19. D’Onofrio  G,  O’Connor  PG,  Pantalon  MV,  Chawarski  MC,  Busch  SH,  Owens  PH,  et  al.
Emergency  department–initiated  buprenorphine/naloxone  treatment  for  opioid  dependence:  a
randomized clinical trial. Jama. 2015;313(16):1636-44.
20. Jalali A, Ryan DA, Jeng PJ, McCollister KE, Leff JA, Lee JD, et al. Health-related quality of life
and opioid use disorder pharmacotherapy: A secondary analysis of a clinical trial. Drug and alcohol
dependence. 2020 Oct 01;215:108221. doi: 10.1016/j.drugalcdep.2020.108221.
21. Mattick RP,  Breen C,  Kimber  J,  Davoli  M. Buprenorphine maintenance versus placebo or
methadone maintenance for opioid dependence. Cochrane Database of Systematic Reviews. 2014.
doi: 10.1002/14651858.cd002207.pub4.
22. Lucas GM, Chaudhry A, Hsu J, Woodson T, Lau B, Olsen Y, et al. Clinic-Based Treatment of
Opioid-Dependent  HIV-Infected  Patients  Versus  Referral  to  an  Opioid  Treatment  Program:  A
Randomized Trial.  Annals  of  internal  medicine.  2010 Jun 01;152(11):704-11.  doi:  10.7326/0003-
4819-152-11-201006010-00003.
23. Sordo L, Barrio G, Bravo MJ, Indave BI, Degenhardt L, Wiessing L, et al. Mortality risk during
and after opioid substitution treatment:  systematic review and meta-analysis  of  cohort  studies.
BMJ. 2017;357. doi: 10.1136/bmj.j1550.
24. McNamara KF, Biondi BE, Hernandez-Ramirez RU, Taweh N, Grimshaw AA, Springer SA. A
Systematic Review and Meta-Analysis of Studies Evaluating the Effect of Medication Treatment for
Opioid  Use  Disorder  on  Infectious  Disease  Outcomes.  Open  Forum  Infect  Dis.  2021
Aug;8(8):ofab289. PMID: 34430670. doi: 10.1093/ofid/ofab289.
25. Schoenfeld EM, Westafer LM, Beck SA, Potee BG, Vysetty S, Simon C, et al. “Just give them a
choice”: Patients' perspectives on starting medications for opioid use disorder in the ED. Academic
emergency medicine. 2022;29(8):928-43. doi: 10.1111/acem.14507.
26. Reuter Q, Smith G, McKinnon J, Varley J, Jouriles N, Seaberg D, et al. Successful Medication
for  Opioid  Use  Disorder  (MOUD)  Program  at  a  Community  Hospital  Emergency  Department.
Academic emergency medicine. 2020;27(11):1187-90. doi: 10.1111/acem.13921.
27. Reuter QR, Santos AD, McKinnon J, Gothard D, Jouriles N, Seaberg D. Long-term treatment
retention of an emergency department initiated medication for opioid use disorder program. The
American journal of emergency medicine. 2022;55:98-102. doi: 10.1016/j.ajem.2022.02.041.
28. Goldfine CE, Chapman BP, Taylor MM, Bradley ES, Carreiro SP, Rosen RK, et al. Experiences
with Medications for Addiction Treatment Among Emergency Department Patients with Opioid Use
Disorder.  The  western  journal  of  emergency  medicine.  2023;24(2):236-42.  doi:
10.5811/westjem.2022.9.57821.
29. Substance Abuse and Mental Health Services Administration. Key substance use and mental
health indicators  in the United States: Results from the 2021 National Survey on Drug Use and
Health   Center for Behavioral  Health Statistics and Quality,  Substance Abuse and  Mental Health
Services Administration  2022  Contract No.: HHS Publication No. PEP22-07-01-005, NSDUH Series
H-57.
30. Mauro  PM,  Gutkind  S,  Annunziato  EM,  Samples  H.  Use  of  Medication  for  Opioid  Use
Disorder Among US Adolescents and Adults With Need for Opioid Treatment, 2019. JAMA network
open. 2022;5(3):e223821. doi: 10.1001/jamanetworkopen.2022.3821.
31. Jones CM, Han B, Baldwin GT, Einstein EB, Compton WM. Use of Medication for Opioid Use
Disorder Among Adults With Past-Year  Opioid Use Disorder in the US, 2021. JAMA Network Open.
2023. doi: 10.1001/jamanetworkopen.2023.27488.

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

32. Gryczynski J, Nordeck CD, Welsh C, Mitchell SG, O'Grady KE, Schwartz RP. Preventing Hospital
Readmission for Patients With Comorbid Substance Use Disorder : A Randomized Trial. Annals of
Internal Medicine. 2021;174(7). doi: 10.7326/m20-5475.
33. Lukacs T, Klein L, Bramante R, Logiudice J, Raio CC. Peer recovery coaches and emergency
department utilization in patients with substance use disorders. The American Journal of Emergency
Medicine. 2023;69. doi: 10.1016/j.ajem.2023.03.039.
34. Santos C,  Ramdin C, Becceril  J,  Al  Kik  B,  Jefri  M, Nelson L.  The impact of  an emergency
department  peer  navigator  (EDPN)  program  in  improving  clinical  outcomes  and  healthcare
utilization in an urban setting. The American Journal of Emergency Medicine. 2023;68. doi: 10.1016/
j.ajem.2023.02.031.
35. Adams Z, Grant M, Hupp S, Scott T, Feagans A, Phillips ML, et al. Acceptability of an mHealth
App for Youth With Substance Use and Mental Health Needs: Iterative, Mixed Methods Design. JMIR
formative research. 2021 Dec 24;5(12):e30268. doi: 10.2196/30268.
36. Dunn KE, Yepez-Laubach C, Nuzzo PA, Fingerhood M, Kelly A, Berman S, et al. Randomized
controlled  trial  of  a  computerized  opioid  overdose  education  intervention.  Drug  and  Alcohol
Dependence. 2017 Apr 01;173(Suppl 1):S39-S47. doi: 10.1016/j.drugalcdep.2016.12.003.
37. Jordan HR, Sahni S, Ahmed MM, Fares JE, Desai BV, Lenchur CN, et al. A Comprehensive
Literature Review of Digital Health Interventions in the Treatment of Substance Use Disorder With
Special  Focus  on  Mobile  Applications.  Curēus  (Palo  Alto,  CA).  2023;15(10):e47639-e.  doi:
10.7759/cureus.47639.
38. Kazemi DM, Borsari B, Levine MJ, Li S, Lamberson KA, Matta LA. A Systematic Review of the
mHealth Interventions to Prevent Alcohol and Substance Abuse. Journal of Health Communication.
2017;22(5):413-32. doi: 10.1080/10810730.2017.1303556.
39. Newton  AS,  Dow  N,  Dong  K,  Fitzpatrick  E,  Wild  TC,  Johnson  DW,  et  al.  A  randomised
controlled pilot trial evaluating feasibility and acceptability of a computer-based tool to identify and
reduce harmful and hazardous drinking among adolescents with alcohol-related presentations in
Canadian  pediatric  emergency  departments.  BMJ  Open.  2017  Aug;7(8):e015423.  doi:
10.1136/bmjopen-2016-015423.
40. Westergaard RP, Genz A, Panico K, Surkan PJ, Keruly J, Hutton HE, et al. Acceptability of a
mobile  health  intervention  to  enhance  HIV  care  coordination  for  patients  with  substance  use
disorders. Addiction science & clinical practice. 2017;12(1):11-. doi: 10.1186/s13722-017-0076-y.
41. Fisher JD, Fisher WA. Changing AIDS-risk behavior. Psychol Bull.  1992 May;111(3):455-74.
PMID: 1594721. doi: 10.1037/0033-2909.111.3.455.
42. Chang SJ, Choi S, Kim S-A, Song M. Intervention Strategies Based on Information-Motivation-
Behavioral Skills Model for Health Behavior Change: A Systematic Review. Asian Nursing Research.
2014 Sep 01;8(3):172-81. doi: 10.1016/j.anr.2014.08.002.
43. Carpenter  KM,  Stoner  SA,  Mikko  AN,  Dhanak  LP,  Parsons  JT.  Efficacy  of  a  web-based
intervention to reduce sexual risk in men who have sex with men. AIDS and Behavior. 2010;14:549-
57.
44. Meiksin R, Melendez-Torres GJ, Falconer J, Witzel TC, Weatherburn P, Bonell C. Theories of
change for e-health  interventions targeting HIV/STIs and sexual  risk, substance use and mental ill
health  amongst men who have sex with men:  systematic review and synthesis  Systematic Reviews.
2021;10. doi: 10.1186/s13643-020-01523-2.
45. Hinyard  LJ,  Kreuter  MW.  Using  narrative  communication  as  a  tool  for  health  behavior
change:  a  conceptual,  theoretical,  and  empirical  overview.  Health  Education  &  Behavior.
2007;34(5):777-92.
46. Reif  S,  Braude  L,  Lyman DR,  Dougherty  RH,  Daniels  AS,  Ghose  SS,  et  al.  Peer  Recovery

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

Support for Individuals With Substance Use Disorders: Assessing the Evidence. Psychiatric services
(Washington, DC). 2014 Jul 01;65(7):853-61. doi: 10.1176/appi.ps.201400047.
47. Eddie D, Hoffman L, Vilsaint C, Abry A, Bergman B, Hoeppner B, et al. Lived Experience in
New Models of Care for Substance Use Disorder: A Systematic Review of Peer Recovery Support
Services  and  Recovery  Coaching.  Frontiers  in  Psychology.  2019  Jun  13;10:1052.  doi:
10.3389/fpsyg.2019.01052.
48. Green MC, Fitzgerald K. Transportation theory applied to health and risk messaging.  Oxford
research encyclopedia of communication2017.
49. Cohen EL, Wasserman JA,  Schlue LM, Keely C,  Russell  A.  Seeing is  believing:  The role of
imagery fluency  in  narrative persuasion through a graphic  novel.  Psychology of  Popular  Media.
2020;9(2):176.
50. Green MC, Appel M. Narrative transportation: How stories shape how we see ourselves and
the world. Advances in experimental social psychology. 2024;70(1).
51. Roozenburg NF, Eekels J. Product design: fundamentals and methods: John Wiley & Sons Inc;
1995. ISBN: 0471954659.
52. Aslakson RA, Schuster AL, Lynch TJ, Weiss MJ, Gregg L, Miller J, et al. Developing the storyline
for  an  advance  care  planning  video  for  surgery  patients:  patient-centered  outcomes  research
engagement from stakeholder summit to state fair. Journal of palliative medicine. 2018;21(1):89-94.
53. McAlister  AL,  Perry  CL,  Parcel  GS.  How Individuals,  Environments,  and  Health  Behaviors
Interact: Social Cognitive Theory. In: Glanz KE, Rimer BK, Viswanath K, editors. Health behavior and
health education: Theory, research, and practice. 4th ed: Jossey-Bass/Wiley; 2008. p. 125-48.
54. Reagan AJ, Mitchell L, Kiley D, Danforth CM, Dodds PS. The emotional arcs of stories are
dominated by six basic shapes. EPJ data science. 2016;5(1):1-12.
55. Van  Laer  T,  De  Ruyter  K,  Visconti LM,  Wetzels  M.  The  extended transportation-imagery
model:  A  meta-analysis  of  the  antecedents  and  consequences  of  consumers'  narrative
transportation. Journal of Consumer research. 2014;40(5):797-817.
56. Stack E, Hildebran C, Leichtling G, Waddell  EN, Leahy JM, Martin E, et  al.  Peer Recovery
Support Services Across the Continuum: In Community, Hospital, Corrections, and Treatment and
Recovery Agency Settings – A Narrative Review. Journal of addiction medicine. 2022;16(1):93-100.
doi: 10.1097/adm.0000000000000810.
57. Boudreaux ED, Sullivan A, Abar B, Bernstein SL, Ginde AA, Camargo JCA. Motivation rulers for
smoking cessation:  a  prospective observational  examination of  construct and predictive validity.
Addiction science & clinical practice. 2012;7(1):8-9. doi: 10.1186/1940-0640-7-8.
58. Gaume J, Bertholet N, Daeppen J-B. Readiness to Change Predicts Drinking: Findings from
12-Month  Follow-Up  of  Alcohol  Use  Disorder  Outpatients.  Alcohol  and  alcoholism  (Oxford).
2017;52(1):65-71. doi: 10.1093/alcalc/agw047.
59. Maisto  SA,  Krenek  M,  Chung  T,  Martin  CS,  Clark  D,  Cornelius  J.  A  Comparison  of  the
Concurrent and Predictive Validity of  Three Measures of  Readiness to Change Alcohol  Use in a
Clinical  Sample  of  Adolescents.  Psychological  assessment.  2011;23(4):983-94.  doi:
10.1037/a0024136.
60. Weiner  BJ,  Lewis  CC,  Stanick  C,  Powell  BJ,  Dorsey  CN,  Clary  AS,  et  al.  Psychometric
assessment  of  three  newly  developed  implementation  outcome  measures.  Implementation
science : IS. 2017;12(1):108-. doi: 10.1186/s13012-017-0635-3.
61. Institute of Behavioral Research. TCU Treatment Engagement (TCU ENGForm). Fort Worth:
Texas Christian University, Institute of Behavioral Research; 2007.
62. Zhou  L,  Bao  J,  Setiawan  IMA,  Saptono  A,  Parmanto  B.  The  mHealth  App  Usability
Questionnaire  (MAUQ):  Development  and  Validation  Study.  JMIR  mHealth  and  uHealth.

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

2019;7(4):e11500-e. doi: 10.2196/11500.
63. Gao M, Kortum P, Oswald F. Psychometric Evaluation of the USE (Usefulness, Satisfaction,
and Ease of use) Questionnaire for Reliability and Validity. Proceedings of the Human Factors and
Ergonomics Society Annual Meeting. 2018;62(1):1414-8. doi: 10.1177/1541931218621322.
64. Parmanto  B,  Lewis  AN,  Jr.,  Graham  KM,  Bertolet  MH.  Development  of  the  Telehealth
Usability  Questionnaire  (TUQ).  Int  J  Telerehabil.  2016  Spring;8(1):3-10.  PMID:  27563386.  doi:
10.5195/ijt.2016.6196.
65. Appel  M,  Gnambs  T,  Richter  T,  Green MC.  The  transportation scale–short  form (TS–SF).
Media psychology. 2015;18(2):243-66.
66. Jason  LA,  Salomon-Amend  M,  Guerrero  M,  Bobak  T,  O'Brien  J,  Soto-Nevarez  A.  The
Emergence,  Role,  and  Impact  of  Recovery  Support  Services.  Alcohol  Res.  2021;41(1):04.  PMID:
33796431. doi: 10.35946/arcr.v41.1.04.
67. Neale  J,  Bowen  AM.  Lessons  for  Uptake  and  Engagement  of  a  Smartphone  App  (SURE
Recovery) for People in Recovery From Alcohol and Other Drug Problems: Interview Study of App
Users. JMIR Hum Factors. 2022 Mar 8;9(1):e33038. PMID: 35258474. doi: 10.2196/33038.
68. Richterman A, Ghadimi F, Teitelman AM, Moore K, Acri T, North H, et al. Acceptability and
Feasibility of a Mobile Phone Application to Support HIV Pre-exposure Prophylaxis Among Women
with  Opioid  Use  Disorder.  AIDS  Behav.  2023  Oct;27(10):3460-7.  PMID:  37036593.  doi:
10.1007/s10461-023-04060-w.
69. Birrell  L, Debenham J, Furneaux-Bate A, Prior K, Spallek S, Thornton L, et al. Evaluating a
Peer-Support  Mobile  App  for  Mental  Health  and  Substance  Use  Among  Adolescents  Over  12
Months During the COVID-19 Pandemic: Randomized Controlled Trial. J Med Internet Res. 2023 Sep
27;25:e45216. PMID: 37756116. doi: 10.2196/45216.
70. Lyzwinski LN, Elgendi M, Menon C. Users' Acceptability and Perceived Efficacy of mHealth for
Opioid  Use  Disorder:  Scoping  Review.  JMIR  Mhealth  Uhealth.  2024  Apr  11;12:e49751.  PMID:
38602751. doi: 10.2196/49751.
71. Kools M, van de Wiel MW, Ruiter RA, Kok G. Pictures and text in instructions for medical
devices:  effects  on  recall  and  actual  performance.  Patient  education  and  counseling.
2006;64(1):104-11.
72. Houts  PS,  Doak  CC,  Doak  LG,  Loscalzo  MJ.  The  role  of  pictures  in  improving  health
communication: a review of research on attention, comprehension, recall, and adherence. Patient
education and counseling. 2006;61(2):173-90.
73. Delp C, Jones J. Communicating information to patients: the use of cartoon illustrations to
improve comprehension of instructions. Academic Emergency Medicine. 1996;3(3):264-70.
74. Austin PE, Dunn KA, Kesler C, Brown CK. Discharge instructions: do illustrations help our
patients understand them? Annals of emergency medicine. 1995;25(3):317-20.
75. Isberner M-B, Richter T, Schreiner C, Eisenbach Y, Sommer C, Appel M. Empowering stories:
Transportation  into  narratives  with  strong  protagonists  increases  self-related  control  beliefs.
Discourse Processes. 2019;56(8):575-98.
76. Davis  B,  Jansen  CJ.  Deploying  a  fotonovela  to  combat  methamphetamine  abuse  among
South Africans with varying levels of health literacy. International journal of environmental research
and public health. 2021;18(12):6334.
77. Kendall  LN,  Raffaelli  Q, Kingstone A,  Todd RM. Iconic faces are not real  faces: enhanced
emotion detection and altered neural processing as faces become more iconic. Cognitive research:
principles and implications. 2016;1:1-14.
78. Feng B, Malloch YZ, Kravitz RL, Verba S, Iosif A-M, Slavik G, et al. Assessing the effectiveness
of a narrative-based patient education video for promoting opioid tapering. Patient education and

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

counseling. 2021;104(2):329-36.
79. Ozga JE, Paquette C, Syvertsen JL, Pollini RA. Mobile phone and internet use among people
who inject drugs: implications for mobile health interventions. Substance abuse. 2022;43(1):592-7.

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

Supplementary Files

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

Figures

https://preprints.jmir.org/preprint/82485 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Latimer et al

The modified version of Roozenburg’s empirical design cycle that was used in the process of developing the mTools4Life
narratives.
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Representative images from Eva’s Story, one of two visual narratives included in the story.
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Representative images from James’s Story, one of two visual narratives included in the story.
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Messaging and experiences for narratives mapped to Transtheoretical Model (TTM).
URL: http://asset.jmir.pub/assets/c6dd4eae5e5ceb5dddb8e63bb848f04e.pdf

Pros and cons of entering treatment for opioid use disorder and additional factors affecting treatment success.
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Eva's narrative.
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James's narrative.
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Eva narrative animation.
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James narrative animation.
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