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Abstract

Background: Opioid use disorders impact the health and well-being of millions of Americans. Buprenorphine and naloxone
(BUP and NAL) can reduce opioid overdose deaths, decrease misuse, and improve quality of life. Unfortunately, poor medication
adherence is aprimary barrier to the long-term efficacy of BUP and NAL.

Objective: We aimed to examine patient feedback on current and potential features of a Bluetooth-enabled pill bottle cap and
associated mobile app for patients prescribed BUP and NAL for an opioid use disorder, and to solicit recommendations for
improvement to effectively and appropriately tailor the technology for peoplein treatment for opioid use disorder.

Methods: A convenience sample of patients at an opioid use disorder outpatient clinic were asked about medication adherence,
opioid cravings, experience with technology, motivation for treatment, and their existent support system through a brief e-survey.
Patients al so provided detail ed feedback on current features and features being considered for inclusion in atechnology designed
to increase medication adherence (eg, inclusion of a personal motivational factor, craving and stress tracking, incentives, and
web-based coaching). Participants were asked to provide suggestions for improvement and considerations specifically applicable
to people in treatment for opioid use disorder with BUP and NAL.

Results: Twenty people with an opioid use disorder who were prescribed BUP and NAL participated (mean age 34, SD 8.67
years, 65% female; 80% White). Participants selected the most useful, second-most useful, and least useful features presented;
42.1% of them indicated that motivational reminders would be most useful, followed by craving and stress tracking (26.3%) and
web-based support forums (21.1%). Every participant indicated that they had at least 1 strong motivating factor for staying in
treatment, and half (n=10) indicated children as that factor. All participants indicated that they had, at some point in their lives,
the most extreme craving a person could have; however, 42.1% indicated that they had no cravings in the last month. Most
respondents (73.7%) stated that tracking cravings would be helpful. Most respondents (84.2%) also indicated that they believed
reinforcers or prizes would help them achieve their treatment goals. Additionally, 94.7% of respondents approved of adherence
tracking to accommaodate this feature using smart packaging, and 78.9% of them approved of selfie videos of them taking their
medication.
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Conclusions: Engaging patients taking treatment for opioid use disorder with BUP and NAL allowed usto identify preferences
and considerations that are unique to this treatment area. As the technology developer of the pill cap and associated mobile app
is able to take into consideration or integrate these preferences and suggestions, the smart cap and associated maobile app will
become tailored to this population and more useful for them, which may encourage patient use of the smart cap and associated

mobile app.

(IMIR Form Res 2023;7:e40437) doi: 10.2196/40437
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Introduction

Background

In 2019, atotal of 10.1 million people aged 12 years and older
reported misusing opioids, with 1.6 million of those meeting
criteria for an opioid use disorder [1]. Intravenous opioid use
increases the risk of contracting blood-borne illnesses such as
hepatitis B, hepatitis C, and HIV [2]. Buprenorphine and
naloxone (BUP and NAL) can reduce opioid overdose deaths
by at least 70%, decrease opioid misuse, and improve quality
of life[3-6]. Because of its demonstrated efficacy, the National
Ingtitute on Drug Abuse, the Substance Abuse and Mental
Health Services Administration, the American Society of
Addiction Medicine, and the American Academy of Addiction
Psychiatry endorsethe use of medicationsfor opioid use disorder
in the treatment of opioid use disorder (eg, BUP and NAL and
methadone).

Medication Adherence

One of the most substantial barriers to the long-term efficacy
of BUP and NAL and poor medication adherenceis consistently
associated with relapse and overdose risk, as well as several
other negative outcomes for patients [7,8]. In a study of 703
patients examining the effect of BUP adherence on opioid
relapse, patients who were nonadherent to their prescribed BUP
were over 10 times more likely to relapse than patients who
were adherent [9]. Poor medication adherence can occur for
myriad reasons, as summarized by the World Health
Organization’s Five Dimensions of Adherence: social and
economic, health care system, condition-rel ated, therapy-rel ated,
and patient-related [10]. At the patient level, age, perception of
treatment, co-occurring psychiatric conditions, and environment
(eg, living with other substance users or at a distance from
treatment centers) are common causes for treatment
discontinuation [8,11-13]. For example, aprevious study found
that 73% of patients in treatment for an opioid use disorder,
with co-occurring symptoms of depression, maintained
abstinence at 6 months of trestment. Of those who had combined
symptoms of depression and anxiety, only 40% were abstinent
in the same time period [14]. Anxiety is a predictive factor for
additional psychopathologies, such as insomnia and sleep
deprivation, which can, in turn, manifest into symptoms of
anxiety and depression [15]. Additionally, a poor therapeutic
alliance between patient and provider and lack of prescription
monitoring may contribute to patient nonadherence, in part due
to limited tools at the level of the prescribing clinician [16].

https://formative.jmir.org/2023/1/e40437

Nonadherencewith BUP and NAL isfrequently associated with
anincreased risk of diversion[17-21]. Given that BUP and NAL
isaschedulelll opioid medication, improving the management
of adherence is critical to decreasing relapse, diversion, and
overdose.

Pillsy Technology

Pillsy, which has successfully and significantly increased
adherencein other treatment areas, actslikeadigital medication
coach, providing reminders using a mobile app, text messages,
and automated phone calls [22]. The platform automatically
tracks doses and timing and sendsintelligent remindersto create
a unique feedback loop, which alows the developers to
constantly optimize incentive or reminder messages to meet
user needs and increase adherence. The Pillsy technology was
developed to be a simple, inexpensive adjunct to standard
treatment. Unlike some other technologies, such as the
MySafeRx system [23], the Pillsy system does not require codes
or video calls for the patient to access their medication. Still,
other technologies, such asreSET-O by Pear Therapeutics, have
integrated an intensive behaviora intervention into their
platform [24]. Pillsy was designed intentionally without these
requirementsin an effort not to increase the patient burden, and
to begin work with people with opioid use disorder using a
simple platform that could be adjusted to specifically include
featuresthat were requested by patientsto increase the practical
usability of the product.

Considering the evidence that tracking medication intakes and
maintaining a high motivation with prompts are effective in the
intervention phase of adherence up to persistence and
considering that Pillsy only nominally increasesthe cost of oral
BUP and NAL treatment and providers can bill for monitoring
time (CPT code 99091), it is a potentially attractive solution to
patients, providers, and payers. However, there are no studies
availablethat have systematically investigated thistechnology’s
impact on medication adherencein this population. The device
is under investigation in a smal (ClinicaTrias.gov
NCT04656899, n=40, 12 weeks) clinical trial that recently
completed data collection.

This Study

Theintent of thisinvestigation wasto examine patient feedback
regarding the acceptability and feasibility of an inexpensive
Bluetooth-enabled pill bottle cap and associated mobile app (ie,
Pillsy, an Optimize Health product) designed to monitor and
increase BUP and NAL adherence with the assistance of a
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designated “helper” (eg, friend and family member). We
gathered feedback from patients in BUP and NAL outpatient
treatment on existing and potential features of the technology
aswell to solicit recommendationsfor improvement in an effort
to tailor the technology most effectively and appropriately for
people in opioid use disorder treatment.

Methods

This study was conducted in the US states of ldaho and
Washington.

Participants

Inclusion criteria were being 18 years of age or older and
receiving treatment for a substance use disorder at |deal Option
outpatient addiction medicine clinics. Patients at this clinic are
on opioid substitution therapy. Participants may have begun
receiving treatment at this clinic due to iatrogenic opioid
dependency or heroin or fentanyl or other illicit opioid use prior
to treatment induction.

Ethical Considerations

Study procedures were classified as exempt by the Washington
State University institutional review board. Participantsreceived
aUsS $25 Walmart gift card (not usable for tobacco, a cohol, or
firearms) for participating.

Study Design

Participants were a convenience sample of people receiving
medication-assisted treatment that were recruited through 2
Ideal Option clinics. Ideal Option is specidized in
medication-assisted treatment of opioid use disorder. Clinic
front desk staff invited patients to participate as they arrived at
theclinicsfor their usual care appointments using a short script
describing the study. All participantswereinvited while astudy
staff member wasthere. If astudy staff member was not present
at the clinic, people were not being invited to participate. All
research was conducted in 1 appointment at the respectiveclinic
in a private room. Hours for recruitment varied by day based
on the researcher’s availability, and all data were gathered by
1 researcher. Recruitment was conducted from May 2021
through June 2021. Interested patients met with research staff
at the clinic for an eligibility screening, consenting, and study
completionin 1 session. Participants were not required to have
a smartphone or computer to participate in this study.
Researchers provided a laptop for participants to use to view
screenshots of the Pillsy system and complete the survey for
the study.

Survey questions were developed by the research team. Pilot
testing on the items was conducted by members of the research
lab conducting the study. All surveyswere administered by the
first author of the manuscript. Participants reported their
demographics, medi cation adherence, diversion, opioid cravings,
experience with technology, and support system, and provided
suggestions on how to best support people taking BUP and
NAL. Thisinformation was gathered through a series of closed
and open-ended questions administered on the provided laptop,
with freetext boxesfor open-ended questions. Researchers used
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scripts and screenshots to describe the Pillsy intervention and
familiarize patients with it. Potential features under
consideration were described verbally. Participants were asked
to rate their interest in or opinion on current and potential
features of the app, using response options such as “useful,
second most useful, and least useful.” They were also asked to
provide detailed feedback (eg, concerns and suggestions) on
examples of product features being considered through open-text
areas in the survey. Specific features evaluated included the
inclusion of a personal motivational factor identified by the
patient, craving tracking, web-based health coach accessfor the
treatment of anxiety or stress, sleep and activity tracking, an
online moderated forum, and incentives for optimal medication
implementation. Data were collected using the Research
Electronic Data Capture, a secure data collection tool.
Participation in the study took approximately 30 minutes.

Statistical Analysis

Survey responses were analyzed using descriptive statistics
(response frequencies and percentages) to characterize
participant behavioral patterns and feedback.

Results

Study Population

A total of 20 participants (N=20) were assessed for eligibility,
and al met the inclusion criteria. One participant ended
participation after demographics due to a childcare issue that
required immediate presence, resulting in n=19 participantsfor
the feedback portion of the study. Participant ages ranged from
20 to 53 (mean 34.15, SD 8.67) years. Participants were
primarily White (80%, n=16), female (65%, n=13) and identified
as women (65%, n=13). In total, 80% (n=16) of the sample
indicated their race as White, and 95% (n=19) indicated
non-Hispanic or Latino ethnicity. The mean number of weeks
participants had been in treatment at Ideal Option was 1.64
years (SD 86.19 weeks; range 1-261 weeks). The average
number of times participants had been in treatment for opioid
use disorder was 2.42 (SD 1.95; range 1-7 times).

Survey Responses

Medication Adherence, Treatment Motivation, and
Diversion

Participants were asked whether they had a strong motivating
factor for staying in treatment and what that motivational factor
was (see Table 1). Each participant indicated that they had at
least 1 strong motivating factor, and 10 indicated children as
that factor. When asked how easy or difficult it wasto remember
to take their medication doses, the majority (79%, n=15)
indicated “easy” or “very easy,” and 42% (n=8) indicated that
they did not miss doses, even occasionally. For those who did
occasionally miss doses, the most frequent reason indicated was
forgetting (88%, n=7), though people also indicated that they
occasionally missed doses due to sleeping through the time
when they were supposed to take it, being embarrassed to take
it in public, or being in too much of a hurry.
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Table 1. Survey questions, response options, and descriptive results.

Question and response options Participants

M edication adherence, treatment motivation, and diversion

Some people have 1 really strong motivating factor, like wanting to climb a mountain or maintain custody of their children. If you had
to choose 1 motivational factor, what would it be? n (%)

Children 10 (53)
Other family members 4(21)
Reasons related to self 8(42)

How easy or difficult isit for you to remember to take your medication doses? n (%)

Very easy 6(32)
Easy 9(47)
Not easy or difficult 2(10.5)
Difficult 2(10.5)
Very difficult 0(0)

Do you ever missany doses? n (%)

Yes 11 (58)
Have you ever been asked to give your opioid use disorder medication to somebody else? n (%)

Yes 4(21.1)
Did you provideit to them? (Note: Only asked among those who responded yes to the above question.) n (%)

Yes 2(50)
Have you ever asked anybody else for some of their opioid use disorder medication? n (%)

Yes 9 (47.4)
How would you rate your cravings at the worst point in your life? (4=wor st) mean (SD)

0-4 4(0)
How would you rate your cravingsin the last month? (4=wor st) mean (SD)

0-4 1.11 (1.15)
Does your opioid use disorder medication help with that craving? n (%)

Yes 19 (100)

How would you rate your worst craving within a few hours after taking your opioid 1 use disorder medication? (4=wor st) mean (SD)

0-4 0.95 (1.03)
How would you rate your worst craving at any time after receiving your prescription 1 for opioid use disorder medication? (4=wor st)
mean (SD)

0-4 1.94 (1.26)

Motivational reminders; cravings, anxiety, and stresstracking; and professionally moderated forum
How helpful do you think reminders about your motivating factor would be? (O=not at all helpful, 100=very helpful) mean (SD)
0-100 84.74 (19.75)
Do you have any concerns about thisidea? n (%)
Yes 3(16)
Do you think tracking cravings would be helpful? n (%)
Yes 14 (74)
Do you have any concerns about thisidea? n (%)
Yes 6(32
Do you feel like you have a lot of anxiety or stressin your life? n (%)

Yes 16 (84)
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Question and response options Participants
Do you currently or have you ever received professional treatment for anxiety or stress? n (%)
Yes 14 (74)

Would you beinterested in treatment for stressor anxiety if it was available to you on the internet or in an app? n (%)

Yes
Sleep
How many hours per night do you sleep on aver age? mean (SD)

Hours

15 (79)

6.84 (2.46)

Do you currently track sleep quality on a device or app on your phone? n (%)

Yes

17 (85)

Would you beinterested in using something likethat [referring to sleep tracking], if it was available to you? n (%)

Yes

16 (84)

Do you think that under standing your sleep patternswould help you under stand if you should be taking your opioid use disorder medi-

cation? n (%)

Yes

15 (79)

Would you be willing to share your sleep data with a professional if they could useit to help with your opioid use disorder? n (%)

Yes
Would this help you achieve your treatment goals? n (%)

Yes

19 (100)

16 (84)

Motivational Reminder Feature Feedback

Participants were asked to rate the helpfulness of afeature that
would remind participants of their self-selected motivational
factor when it is time to take a dose; 84.2% (n=16) of
respondents did not have concerns about thisfeature. Concerns
that were raised by participants included that this may make
peoplefed guilty if they were not reaching their treatment goals
and that it may trigger people to use illicit substances if the
motivational factor was upsetting. One participant suggested
that this may be more hel pful for people who were “ stronger in
their sobriety.” Suggestions for improving thisfeature included
diversifying ways to deliver motivation such as adding
reinforcing complements when people were doing well,
incorporating personalized motivational phrasesthat users could
create, adding a picture of the motivational factor, adding a
voice recording of the technology user saying the motivational
factor, and including a counseling component such as letting
the user know that they are loved and not being judged or
bringing in a spiritual component and other positive factorsin
the person’slife.

Technology Use, Craving, Anxiety, and Stress Tracking

All participants had smartphones with unlimited texting and
had used Bluetooth connectivity previously. The averagelength
of time they had owned their current smartphone was 16.6 (SD
13.17; range 1-48) months.

Most participants had “alot” of anxiety or stressin their lives
(84.2%, n=16), the majority of which (73.7%, n=14) had
received professiona treatment for it. All participants were
asked if they would be interested in a web-based treatment for
anxiety or stresshosted by areal health coach, and 78.9% (n=15)
affirmed that this would be helpful. All participants indicated

https://formative.jmir.org/2023/1/e40437

that they had experienced “the most extreme craving a person
could have’ at the worst point in their life. In response to a
guestion asking participants what their worst cravings werein
the past month, 42.1% (n=8) indicated no craving, 57.9% (n=11)
indicated that they had some craving, and 0% (n=0) indicated
that they had “the most extreme craving a person could have.”
Most respondents stated that tracking cravingswould be hel pful
(73.7%, n=14) and 68.4% (n=13) did not have concerns with
thisidea. While there were comments regarding concerns with
confidentiality, concerns about tracking cravings primarily
focused on triggering arelapse.

Triggers, focusing on that makes the person think of
needles and triggers. May be better to focus on
positive instead of the negative. E.g., how are my
positive thoughts today. What are my goals.
[Participant 2]

Might trigger people. Maybe start that feature when
people are more solid in the program and have less
chance of relapsing. [Participant 4]

Would probably be helpful but could trigger people.
You don't want to get triggered because you are
thinking about it too much. [Participant 20]

Participants provided suggestions for improvement of the
craving tracking feature. These suggestions focused on two
primary areas: (1) identifying triggers of the craving and (2)
providing resources to the person experiencing the craving.

Journaling about it so you can look back and reflect
when you have the next cravings. [Participant 1]

Connect to provider that way the provider can call
them if they are struggling and let them know they
care and offer to see them. [Participant 4]
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Include notes so you can say triggersto the craving.
[Participant 6]

If the person is having cravings provide resources -
e.g., support group or AA meetings etc. [Participant
14]

Add what you are doing at the moment. [Participant
19]

Reinforcers

Participants were queried on including reinforcers (ie,
“rewards’) for consistently taking their opioid use disorder
medication. Most participants (84.2%, n=16) believed that
reinforcerswould help them achieve their treatment goals. When
asked about preferences for reinforcers, the majority endorsed
aUS $25 Walmart card as their top of 3 choices (73.7%, n=14)
over aUS $25 Amazon card (21.1%, n=4 endorsed) or amonth
of free cell phone minutes and data (5.3%, n=1 endorsed). After
researchers explained that afeature such asthis may necessitate
adherence tracking (a feature that is currently a primary
component of the Pillsy system using pill cap opening data),

Table 2. Application features rated by usefulness (N=19).

Smith et al

participants were asked whether they would be opento tracking
their doses (94.7%, n=18 responded “yes’), using smart
packaging (94.7%, n=18 responded “yes’), and taking a selfie
video while taking medication doses (78.9%, n=15 responded
“yes’).

Feature Preferences

Of the potential features reviewed, participants indicated that
motivational reminders would be most useful (42.1%, n=8),
followed by craving and stresstracking (26.3%), and web-based
support forums (21.1%, n=4; see Table 2 for details). When
asked why they selected the features they did, responses for
motivational remindersfocused on having remindersin general,
reminding oneself why they are in treatment, and having
reassurance in their choice to continue treatment.

Help remind you why you are doing this and to see
that you are making progress toward why you want
to doit. [Participant 2]

Reminding me to take the meds and remember why
I'min it would be helpful. [Participant 14]

Most useful, n (%)

Second most useful, n (%) Least useful, n (%)

Motivational reminders 8(42.1)
Craving and stress tracking 5(26.3)
Online support forums 4(21.1)
Reinforcers 2(10.5)
Adherence tracking 0(0)
Sleep tracking 0(0)

4(21.2) 0(0)
4(21.1) 2(105)
1(5.3) 0(0)
5(26.3) 2(105)
2(10.5) 1(53)
3(15.8) 3(15.9)

Participantswho sel ected craving and stresstracking asafeature
preference explained that they would prefer the feature to

Additional feedback was solicited from participants on how to
support people taking BUP and NAL. Although these were all

increase awareness of triggers and make supports aware of a garnered from the same open-ended free-text box, we have

potential need for help.

If you are tracking cravings you can see what is
causing it. [Participant 10]

Tracking craving and stress would make people more
aware and could cue othersto help. [Participant 4]

https://formative.jmir.org/2023/1/e40437

organized the feedback into the areas of medical providers and
researchers, patients in medications for opioid use disorder
programs, and improving treatment or technology. Thisfeedback
islisted in Table 3.
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Table 3. Participant feedback quotes regarding how to support people taking BUP and NAL2

Participant quotes

Participant number

Medical providersand researchers

Compassion. Don't assume drug addicts are stupid. Don't insult my intelligence. Treat people with respect no
matter what level they are at in life or education. * Rewards feels like giving a dog a bone. | would be insulted.

The rewards could be dangerous. People can sell gift cards and use the money to buy drugs and people will
absolutely do that. | also think that people who really care about getting better don't need to be bribed to do it.

Patientsin MOUDP programs

Be honest with yourself. Remember the reason you are doing this/ getting treatment. If you aren't honest with
yourself, you won't get the proper treatment you deserve.

Takeit how it's prescribed. | tried splitting it up and it didn't work as well. | should have done it how it was
prescribed in thefirst place. Also - | like having to comein every 2 weeks - the check ins hold me accountable,
and | think less people will fail thisway.

It's hard to tell people about relapse b/c | am prideful and get embarrassed. For people like me - don't be pushy
asking about things like that. | will share when | amready. It's hard when people are pushy.

Once you start getting through to where you have been on treatment for a while and it doesn't make you high
anymore (people say Suboxone doesn't get you high, but it does) don't give up on it. In a few months don't get
off it just because you feel normal - that's the goal - to just feel normal and function like a normal person.

Try to get yourself happy. Help create stability. Distract the users with positivity or vacation. Get them out of
their situation, their life, providing fun things to help themforget about their addiction and shitty life. Take them
out of the shittiness and they will want to help themselves.

Improving treatment or technology

Have a feature where someone would get ahold of the person if they were having a hard time. Bring them
closer to keep them on the right track.

Moreinteraction is better because it gives people less room to screw up. Tell people ‘ Remember who you are
doing it for! Use personal quotes and 1 liner motivational messages.

I have been disappointed that there haven't been groupsavailable. If | had a community, | wouldn't be so isolated

15

18

17

10

(I amvery isolated).

Messaging option where you can contact a provider / hotline or email or text messaging for quick answers 1

(counselor).

3BUP and NAL : buprenorphine and naloxone.
PMOUD: medications for opioid use disorder.

Discussion

Principal Findings

This descriptive study examined feedback from a sample of
patients in opioid use disorder treatment to better understand
their perceptions and opinions of how a Bluetooth-enabled pill
bottle cap and the associated mobile app could be used to
improve adherence to opioid use disorder treatment. Poor
medication adherence can be the result of discord between
patient and provider, lack of resources (availability of
transportation to a clinic), and mental health challenges, such
asanxiety. Participantsindicated that they had strong motivating
factorsfor wanting to stay in treatment. Personalized reminders
that target incentives for sobriety, and avoid self-identified
triggers for anxiety and cravings, could prove useful in
improving the Pillsy technology. Feedback was overwhel mingly
positive regarding a feature that would remind them of their
self-selected motivational factor when it is time to take a
medication dose. A feature providing reinforcersfor consistently
taking opioid use disorder medications was endorsed at greater

https://formative.jmir.org/2023/1/e40437

than 80%. In addition, over 70% of participants indicated that
tracking cravings would be helpful.

The results of this study support modifications to the Pillsy
technology that would integrate additional motivational
interventions to help promote medication adherence in people
with opioid use disorder. First, strong support was present for
the integration of personalized motivational factors, follow-up
by the research team on suggestions made by participants to
include phrases of encouragement and pictures of the family
will be considered. Second, the integration of contingency
management to provide tangible reinforcers for medication
adherence will be considered, particularly, considering the
efficacy of contingency management interventionsin substance
use treatment [25].

Our sample did not suggest additional safeguards such as
required video check-ins or unique codes from their provider
be added to the technology. This will continue to differentiate
the Rillsy technology from other medication accesstechnologies,
such as MySafeRx. Our sample also did not request educational
materials or behavioral interventions similar to those in the
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reSET-O technology, therefore continuing to differentiate Pillsy Conclusions

from Pear Therapeutics technology. Providing treatment adherence promotion through a digital

Limitations Bluetooth-based smart pill cap and associated mobile app, like

The study has limitations that should be acknowledged. First, Pillsy, maybe a way to Increass adherence and !mprove
= ) treatment outcomes for people in treatment for opioid use
thesamplefor the study wasasmall (N=20) conveniencesample . . ) .
. . . disorder using BUP and NAL. Including patient feedback and
that was geographically homogeneous (all participantsreceived references in the development process is intearal to creatin
care within Idaho and Washington states in the United States), b P P 9 9

L . . . a user-friendly, meaningful intervention that patients will use
primarily White and largely female. Selection bias may be e het it The valuable feedback provided through this
present, as participants were people who had time to engagein

the study following their scheduled visit to the treatment clinic. study will allow the technology developers to modify the app

. - X - based on this feedback, with the intention of creating a more
Second, while the participants were given descriptions of how afient-centered product
the technology being investigated functioned, they did not have b P '
the opportunity to interact with it.

Data Availability
Dataare avail able upon request, pending approval of the study’s primary investigator and external funding sponsor for the project.

Conflictsof Interest

SMM reportsthat Optimize Health, in the form of a sub-contract to his university, Washington State University, which originated
from the National Institutes of Health. HeisaMultiple Principal Investigator on the grant that funded this work (R44DA 049629,
Primary Investigators: SMM, JL). SMM has al so received research funding from Orthopedic Specialty Ingtitute, the US Department
of Justice and consulted for Consistent Care company. Aside from the noted R44 grant, no other funding or consulting is related
to the work reported here. JL is an owner of Optimize Health, the recipient of the NIH award for this study. He also devel oped
the Pillsy app being evaluated. No other authors have disclosures or competing interests.

References

1.  Key substance use and mental health indicatorsin the United States: results from the 2019 national survey on drug use and
health. SAMHSA: Substance Abuse and Mental Health Services Administration. 2020. URL : https.//store.samhsa.gov/
product/
key-substance-use-and-menta-hedl th-indi cators-in-the-united-gates-resul ts-from-the-2019-nati ona-survey-on-Drug-Use-and-Hedl th/
PEP20-07-01-001 [accessed 2023-03-01]

2. HIV infectionrisk, prevention, and testing behaviors among personswho inject drugs—national HIV behavioral surveillance:
injection drug use, 23 U.S. cities, 2018. Centersfor Disease Control and Prevention. 2020. URL : https://www.cdc.gov/hiv/
pdf/library/reports/surveillance/cdc-hiv-surveillance-special -report-number-24.pdf [accessed 2023-03-01]

3. ClausenT, Anchersen K, Waal H. Mortality prior to, during and after opioid maintenance treatment (OMT): a national
prospective cross-registry study. Drug Alcohol Depend 2008;94(1-3):151-157. [doi: 10.1016/j.drugal cdep.2007.11.003]
[Medline: 18155364]

4.  Raisch DW, Campbell HM, Garnand DA, Jones MA, Sather MR, Naik R, et al. Health-related quality of life changes
associated with buprenorphine treatment for opioid dependence. Qual Life Res 2012;21(7):1177-1183 [FREE Full text]
[doi: 10.1007/s11136-011-0027-0] [Medline: 21987030]

5. Ponizovsky AM, Grinshpoon A. Quality of life among heroin users on buprenorphine versus methadone maintenance. Am
JDrug Alcohol Abuse 2007;33(5):631-642. [doi: 10.1080/00952990701523698] [Medline: 17891656]

6. SordolL,Barrio G, Bravo MJ, Indave Bl, Degenhardt L, Wiessing L, et a. Mortality risk during and after opioid substitution
treatment: systematic review and meta-analysis of cohort studies. BMJ 2017;357:j1550 [FREE Full text] [doi:
10.1136/bmj.j1550] [Medline: 28446428]

7. Veilleux JC, Colvin PJ, Anderson J, York C, Heinz AJ. A review of opioid dependence treatment: pharmacological and
psychosocial interventionsto treat opioid addiction. Clin Psychol Rev 2010;30(2):155-166. [doi: 10.1016/j.cpr.2009.10.006]
[Medline: 19926374]

8. Kinsky S, Houck PR, MayesK, Loveland D, Daley D, Schuster JM. A comparison of adherence, outcomes, and costs
among opioid usedisorder Medicaid patientstreated with buprenorphine and methadone: aview from the payer perspective.
J Subst Abuse Treat 2019;104:15-21. [doi: 10.1016/j.jsat.2019.05.015] [Medline: 31370980]

9.  Tkacz J, Severt J, Cacciola J, Ruetsch C. Compliance with buprenorphine medication-assisted treatment and relapse to
opioid use. Am J Addict 2012;21(1):55-62. [doi: 10.1111/j.1521-0391.2011.00186.x] [Medline: 22211347]

10. World Health Organization. Adherenceto Long-Term Therapies: Evidencefor Action. Geneva: World Health Organization;
2003.

https:/formative.jmir.org/2023/1/e40437 JMIR Form Res 2023 | vol. 7 | e40437 | p. 8
(page number not for citation purposes)


https://store.samhsa.gov/product/key-substance-use-and-mental-health-indicators-in-the-united-states-results-from-the-2019-national-survey-on-Drug-Use-and-Health/PEP20-07-01-001
https://store.samhsa.gov/product/key-substance-use-and-mental-health-indicators-in-the-united-states-results-from-the-2019-national-survey-on-Drug-Use-and-Health/PEP20-07-01-001
https://store.samhsa.gov/product/key-substance-use-and-mental-health-indicators-in-the-united-states-results-from-the-2019-national-survey-on-Drug-Use-and-Health/PEP20-07-01-001
https://store.samhsa.gov/product/key-substance-use-and-mental-health-indicators-in-the-united-states-results-from-the-2019-national-survey-on-Drug-Use-and-Health/PEP20-07-01-001
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-special-report-number-24.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-special-report-number-24.pdf
http://dx.doi.org/10.1016/j.drugalcdep.2007.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18155364&dopt=Abstract
https://europepmc.org/abstract/MED/21987030
http://dx.doi.org/10.1007/s11136-011-0027-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21987030&dopt=Abstract
http://dx.doi.org/10.1080/00952990701523698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17891656&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=28446428
http://dx.doi.org/10.1136/bmj.j1550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446428&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2009.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19926374&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2019.05.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31370980&dopt=Abstract
http://dx.doi.org/10.1111/j.1521-0391.2011.00186.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22211347&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Smith et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Launonen E, Wallace |, Kotovirta E, Alho H, Simojoki K. Factors associated with non-adherence and misuse of opioid
maintenance treatment medi cations and intoxicating drugs among Finnish maintenance treatment patients. Drug Alcohol
Depend 2016;162:227-235. [doi: 10.1016/j.drugal cdep.2016.03.017] [Medline: 27068849]

Kumari S, Manalai P, Leong S, Wooditch A, Maik M, Lawson WB. Factors associated with non-adherence to
buprenorphine-nal oxone among opioid dependent African-Americans. aretrospective chart review. Am J Addict
2016;25(2):110-117. [doi: 10.1111/ajad.12325] [Medline: 26749158]

King VL, Brooner RK, Peirce J, Kolodner K, Kidorf M. Challenges and outcomes of parallel care for patients with
co-occurring psychiatric disorder in methadone maintenance treatment. J Dual Diagn 2014;10(2):60-67 [FREE Full text]
[doi: 10.1080/15504263.2014.906132] [Medline: 24976801]

Charney DA, Paacios-Boix J, Negrete JC, Dobkin PL, Gill KJ. Association between concurrent depression and anxiety
and six-month outcome of addiction treatment. Psychiatr Serv 2005;56(8):927-933. [doi: 10.1176/appi.ps.56.8.927] [Medline:
16088008]

Johnson EO, Roth T, Breslau N. The association of insomnia with anxiety disorders and depression: exploration of the
direction of risk. J Psychiatr Res 2006;40(8):700-708. [doi: 10.1016/j.jpsychires.2006.07.008] [Medline: 16978649]
Tofighi B, Grossman E, Bereket S, D Lee J. Text message content preferences to improve buprenorphine maintenance
treatment in primary care. JAddict Dis 2016;35(2):92-100. [doi: 10.1080/10550887.2015.1127716] [Medline: 26670868]
Fareed A, Eilender P, Ketchen B, Buchanan-Cummings AM, Scheinberg K, Crampton K, et a. Factors affecting
noncompliance with buprenorphine maintenance treatment. J Addict Med 2014;8(5):345-350. [doi:

10.1097/A DM .0000000000000057] [Medline: 25072677]

Hadland SE, Park TW, Bagley SM. Stigma associated with medi cation treatment for young adults with opioid use disorder:
acase series. Addict Sci Clin Pract 2018;13(1):15. [doi: 10.1186/s13722-018-0116-2]

Dayal P, Balhara YPS. A naturalistic study of predictors of retention in treatment among emerging adults entering first
buprenorphine maintenance treatment for opioid use disorders. J Subst Abuse Treat 2017;80:1-5. [doi:
10.1016/].jsat.2017.06.004] [Medline: 28755768]

Rosenblum A, Cleland CM, Fong C, Kayman DJ, Tempalski B, Parrino M. Distance travel ed and cross-state commuting
to opioid treatment programs in the United States. J Environ Public Health 2011;2011:948789 [FREE Full text] [doi:
10.1155/2011/948789] [Medline: 21776440]

Lofwall MR, Walsh SL. A review of buprenorphine diversion and misuse: the current evidence base and experiences from
around the world. J Addict Med 2014;8(5):315-326 [FREE Full text] [doi: 10.1097/ADM.0000000000000045] [Medline:
25221984]

Park HR, Kang HS, Kim SH, Singh-Carlson S. Effect of asmart pill bottle reminder intervention on medication adherence,
self-efficacy, and depression in breast cancer survivors. Cancer Nurs 2022;45(6):E874-E882 [FREE Full text] [doi:
10.1097/NCC.0000000000001030] [Medline: 34661562]

Schuman-Olivier Z, Borodovsky JT, Steinkamp J, Munir Q, Butler K, Greene MA, et al. MySafeRx: a maobile technology
platform integrating motivational coaching, adherence monitoring, and electronic pill dispensing for enhancing
buprenorphine/nal oxone adherence during opioid use disorder treatment: apilot study. Addict Sci Clin Pract 2018;13(1):21
[FREE Full text] [doi: 10.1186/s13722-018-0122-4] [Medline: 30249279]

Maricich YA, Xiong X, Gerwien R, Kuo A, Velez F, Imbert B, et a. Real-world evidencefor a prescription digital therapeutic
to treat opioid use disorder. Curr Med Res Opin 2021;37(2):175-183. [doi: 10.1080/03007995.2020.1846023] [Medline:
33140981]

McPherson SM, Burduli E, Smith CL, Herron J, Oluwoye O, Hirchak K, et a. A review of contingency management for
the treatment of substance-use disorders: adaptation for underserved populations, use of experimental technologies, and
personalized optimization strategies. Subst Abuse Rehabil 2018;9:43-57 [FREE Full text] [doi: 10.2147/SAR.S138439]
[Medline: 30147392]

Abbreviations

BUP: buprenorphine
NAL: naloxone

https:/formative.jmir.org/2023/1/e40437 JMIR Form Res 2023 | vol. 7 | e40437 | p. 9

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.drugalcdep.2016.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27068849&dopt=Abstract
http://dx.doi.org/10.1111/ajad.12325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26749158&dopt=Abstract
https://europepmc.org/abstract/MED/24976801
http://dx.doi.org/10.1080/15504263.2014.906132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24976801&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.56.8.927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16088008&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2006.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16978649&dopt=Abstract
http://dx.doi.org/10.1080/10550887.2015.1127716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26670868&dopt=Abstract
http://dx.doi.org/10.1097/ADM.0000000000000057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25072677&dopt=Abstract
http://dx.doi.org/10.1186/s13722-018-0116-2
http://dx.doi.org/10.1016/j.jsat.2017.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28755768&dopt=Abstract
https://doi.org/10.1155/2011/948789
http://dx.doi.org/10.1155/2011/948789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21776440&dopt=Abstract
https://europepmc.org/abstract/MED/25221984
http://dx.doi.org/10.1097/ADM.0000000000000045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25221984&dopt=Abstract
https://europepmc.org/abstract/MED/34661562
http://dx.doi.org/10.1097/NCC.0000000000001030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34661562&dopt=Abstract
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-018-0122-4
http://dx.doi.org/10.1186/s13722-018-0122-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30249279&dopt=Abstract
http://dx.doi.org/10.1080/03007995.2020.1846023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33140981&dopt=Abstract
https://europepmc.org/abstract/MED/30147392
http://dx.doi.org/10.2147/SAR.S138439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30147392&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Smith et al

Edited by A Mavragani; submitted 20.06.22; peer-reviewed by | Arnet, Z Huo; commentsto author 17.10.22; revised version received
09.01.23; accepted 14.02.23; published 19.04.23

Please cite as.

Smith CL, Keever A, Bowden T, Olson K, Rodin N, McDonell MG, Roll JM, Smoody G, LeBrun J, Miguel AQC, McPherson SM
Patient Feedback on a Mobile Medication Adherence App for Buprenorphine and Naloxone: Closed and Open-Ended Survey on
Feasibility and Acceptability

JMIR Form Res 2023;7:e40437

URL: https://formative.jmir.org/2023/1/e40437

doi: 10.2196/40437

PMID: 37074780

©Crystal L Smith, Abigail Keever, Theresa Bowden, Katie Olson, Nicole Rodin, Michagl G McDonell, John M Rall, Gillian
Smoody, Jeff LeBrun, Andre QC Miguel, Sterling M McPherson. Originally published in JMIR Formative Research
(https.//formative.jmir.org), 19.04.2023. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The complete
bibliographic information, alink to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

https:/formative.jmir.org/2023/1/e40437 JMIR Form Res 2023 | vol. 7 | 40437 | p. 10
(page number not for citation purposes)

RenderX


https://formative.jmir.org/2023/1/e40437
http://dx.doi.org/10.2196/40437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37074780&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

