JMIR RESEARCH PROTOCOLS Rizvi et d

Protocol

Decreasing Opioid Addiction and Diversion Using Behavioral
Economics Applied Through a Digital Engagement Solution:
Protocol for a Randomized Controlled Trial

RubinaFatimaRizvi*?*', MD, PhD; Jamee Ann Schoephoerster®’, MD; Sagar Satish Desphande®*, MPP, MD; Michael
Usher®>, MD, PhD; Andy Elaine Oien?, BS, Maya Marie Peters’, BS, MPH; Matthew Scott Loth?, PhD; Matthew
William Bahr®, BSN; Steffen Ventz®, MPhil, MS, PhD; Joseph Stephen Koopmeiners?®, PhD; Genevieve B Melton™%®”7,
MD, PhD

Ipivision of Computational Health Sciences, Department of Surgery, University of Minnesota, Minneapolis, MN, United States
2Center for Learning Health System Sciences, University of Minnesota, Minneapolis, MN, United States

3University of Minnesota Medical School, Minneapolis, MN, United States

“Division of Plastic and Reconstructive Surgery, Department of Surgery, University of Minnesota, Minneapolis, MN, United States
5M Heslth Fairview Systems, Minneapolis, MN, United States

®Division of Biostatistics, School of Public Heslth, University of Minnesota, Minneapolis, MN, United States

"Division of Colon and Rectal Surgery, Department of Surgery, University of Minnesota, Minneapolis, MN, United States

" these authors contributed equally

Corresponding Author:

Genevieve B Melton, MD, PhD
Division of Computational Health Sciences
Department of Surgery

University of Minnesota

11-132 Phillips-Wangensteen Building
516 Delaware Street Southeast
Minneapolis, MN, 55455

United States

Phone: 1 612 626 1999

Email: gmelton@umn.edu

Abstract

Background: Despite strong and growing interest in ending the ongoing opioid health crisis, there has been limited successin
reducing the prevalence of opioid addiction and the number of deaths associated with opioid overdoses. Further, 1 explanation
for thisisthat existing interventions target those who are opiate-dependent but do not prevent opi oid-naive patients from becoming
addicted.

Objective: Leveraging behavioral economics at the patient level could help patients successfully use, discontinue, and dispose
of their opioid medications in an acute pain setting. The primary goal of this project isto evaluate the effect of the 3 versions of
the Opioid Management for You (OPY) tool on measures of opioid use relative to the standard of care by leveraging a pragmatic
randomized controlled trial (RCT).

Methods: A team of researchersfrom the Center for Learning Health System Sciences (CLHSS) at the University of Minnesota
partnered with M Health Fairview to design, build, and test the 3 versions of the OPY tool: socia influence, precommitment, and
testimonial version. The tool is being built using the Epic Care Companion (Epic Inc) platform and interacts with the patient
through their existing MyChart (Epic Systems Corporation) persona health record account, and Epic patient portal, accessed
through a phone app or the MyChart website. We have demonstrated feasibility with pilot data of the social influence version of
the OPY app by targeting our pilot to a specific cohort of patients undergoing upper-extremity procedures. This study will use a
group sequential RCT design to test theimpact of thisimportant health system initiative. Patientswho meet OPY inclusion criteria
will be stratified into low, intermediate, and high risk of opiate use based on their type of surgery.

Results. This study is being funded and supported by the CLHSS Rapid Prospective Evaluation and Digital Technology
Innovation Programs, and M Health Fairview. Support and coordination provided by CLHSS include the structure of engagement,
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survey development, data collection, statistical analysis, and dissemination. The project wasinitially started in August 2022. The
pilot was launched in February 2023 and is still running, with the data last counted in August 2023. The actual RCT is planned
to start by early 2024.

Conclusions: Through this RCT, we will test our hypothesis that patient opioid use and diverted prescription opioid availability
can both be improved by information delivery applied through a behavioral economics lens via sending nudges directly to the

opioid users through their personal health record.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2024;13:€52882) doi: 10.2196/52882
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Introduction

Opioid-related overdose and death rates continue to soar in all
agegroups[1-3]. Today, it istheleading cause of unintentional,
injury-related death in the United States [4]. As of 2020,
prescription opioid-related deaths totaled more than 16,000 [5].
Even in 2021, despite opiate prescribing reaching alow point,
opiate deaths continue to rise [6]. Further, 1 hypothesis to
explain thisis that existing interventions target those who are
opiate-dependent but do not prevent opioid-naive patients from
becoming addicted [7-9]. Once a patient acquires and fills a
prescription, they are free to use it however they choose. The
continued skyrocketing trajectory of opioid deaths as well as
the persistent conundrum of opioid use demonstrates the
insufficiency of exclusively relying on prescriber-directed
strategies. This highlights the critical need to directly empower
individual patients to responsibly manage their use, weaning,
discontinuation, and disposal of opioid medications.

Continuous perioperative interventions centered on opioid
management and coming from many different angles could
contribute to asolution. Evidence has shown that less than 10%
of unused opioids are properly disposed of after surgery,
suggesting that excess opioids remaining in the home after
surgery is awidespread but targetable problem [10]. Diversion
of opioids, which is defined as illegal distribution or abuse of
opioids for purposes not intended by the prescriber, could be
intentional (for example, sharing or selling of medications) or
unintentional (for example, theft or ingestion by a child).

Behavioral economics is a field of study within human
decision-making where the goal is to predictably influence
human behavior and encourage peopl e to do something without
forcing, coercing, or penalizing them [11,12]. Severa behaviord
economicsinterventions have been leveraged to influence human
behaviors but do not guarantee an improvement in the target
population’s target behavior. Nudging isa way to manipulate
people’'s choices to lead them to make specific decisions.
Nudging has previously been used to influence smoking, alcohol
consumption, diet, and physical activity to improve population
health and reduce health inequalities [13]. More recently,
nudging has been used to improve medication compliance
among patients with various medical conditions, for example,

https://www.researchprotocol s.org/2024/1/e52882

cardiac [14], kidney transplant recipients [15], patients with
diabetes [16], HIV [17], and mental illness [18]. Behavioral
economics also offers an opportunity to help individuals make
choi ces consistent with responsibly using and disposing of their
opioid medications[19].

The primary goal of this project is to evaluate the effect of the
3 versions of the Opioid Management for You (OPY) tool
described in the methods section on measures of opioid use
relative to the standard of care (SOC) leveraging a pragmatic
randomized controlled trial (RCT). We hypothesize that
appropriate patient opioid use and diverted prescription opioid
availability can both be improved by information delivery
applied through abehavioral economicslensviasending nudges
directly to the opioid users, that is, patients. We anticipate not
only better management of opioid use and its safe disposal but
also expect to obtain a better understanding of the unresolved
guestions regarding how pain medication is used in acute
perioperative settings. In the future, we could further optimize
the OPY tool, integrating artificial intelligence and other
machine learning models for a more enhanced patient
experience.

Methods
OPY Tool

Overview

A team of researchers from the Center for Learning Health
System Sciences (CLHSS) at the University of Minnesota
partnered with M Health Fairview (MHFV) to design, build,
and test the 3 versions of the OPY tool. Based on a literature
review of current popular nudging theories implemented in
various delivery modes, weincorporated 3 nudging tactics into
the workflow of Care Companion to improve patient
self-management, medication adherence, and overall health.
Tactics were based on the following behaviora economic
principles: social influence, precommitment, and testimonial
version. Other forms of interventions, including reminders,
feedback, and loss-framing, will also be partially incorporated
asacomponent of the design but will not be considered as major
guidelines.
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Thetool isbeing built using the Epic Care Companion platform
and interacts with the patient through their existing MyChart
personal health record account and Epic patient portal, accessed
through their phone app or the MyChart website. As patients
communicate their pill usage, pain scores, or other concerns,
the intervention will communicate timely and relevant
information regarding opioid use and addiction while also
offering encouraging feedback to help patients successfully
wean and safely dispose of their opioids. OPY saves the data
that a patient enters and based on their responses, the care team
is alerted to important issues through an in-basket message
system. The alerts or flags are selected and color-coded based
on the urgency of action required after discussion with the
patient education specialist team.

Each of the 3 OPY versions will deliver the same instructions
and information about pain management recommendations and
collect the same information about patient pain experience and

Textbox 1. Example of social influence text shown to patients.

Rizvi et d

side effects; however, the behavioral economicstechniquesused
to influence weaning and disposal are different across the 3
versions. The 3 versions will correspond to different treatment
arms of the RCT.

Version 1, Social I nfluence and Commitment

Social influence refers to how individuals change their ideas
and behaviors to meet the needs in a social environment [20].
Studies have found that social influence has proved effective
for physical activity promotion when applied to mobile apps
and is also promising in helping manage chronic diseases,
including diabetes.

Patients are provided with text that communicatesasocia norm
or expresses an expectation to the patient meant to decrease the
average time it takes for patients to begin weaning. Textbox 1
provides an example of social influence text shown to patients.

and then get rid of your leftover medicine safely.

Opioid overdoses are at an all-time high. You can help us end this opioid epidemic! When you're ready, we'll help you wean as quickly as possible —

Version 2, Precommitment

Precommitment refers to a commitment we make in advance
to ensure our future actions align with our current preferences
and eventually reach the goal we set for ourselves[21]. Studies
have shown that precommitment effectively ameliorates
self-control problems by encouraging healthy diets, less

Textbox 2. Example of precommitment options given to patients.

smoking, and reducing temporary drinking. Being cost-effective
in many cases [22], precommitment could have positive
implications for chronic disease control and prevention [23].

Patients are given the same suggestions as in other versions but
are asked to check a box next to the suggestions they are
planning to try. Textbox 2 provides an example of
precommitment options provided to patients.

Let'stry toreduceyour opioid pain medicine. Set a goal to use one of the optionsbelow — and be suretotell afriend or family member about

your goal.

o Try taking adose every X+2 hours (instead of X hours).
«  For every other dose, take just half the dose.

o Try skipping adose.

Version 3, Testimonial

Emerging evidence suggests that storytelling, or narrative
communication, influenceslisteners by actively engaging them
in a story, causing them to identify themselves with the
storyteller and picture themselvestaking part inthe action. This
approach of leveraging testimonial s offers aunique opportunity
to promote evidence-based choices in a culturally appropriate
context. Stories and storytelling have been previously used as
mechanismsto improve patient medication compliance for both
hypertension [24] and diabetes [25], as well as improve other
health education and literacy programs.

In this approach, instead of text-based nudges or setting goals,
the patient receives short videos communicating risks and
benefits through narrative storytelling. The videos use voice
actors to depict patients who have experienced complications
related to opioid use after surgery. A video clip of a person is
presented to represent the patient sharing their personal story.

https://www.researchprotocol s.org/2024/1/e52882

Textbox 3 provides an example of testimonial audio presented
to patients.

To ensurethat videos and their content meet the current in-place
requirements of the organization, we worked closely with the
patient education team and followed their requirements. We
also made sure that the videos were relatable to patients from
diverse demographic backgrounds (ie, race, ethnicity, gender,
and age) after judicious selection of individual stock video clips
from University of Minnesota stock image resources [26] and
collecting voice-over audio recordings from our team members
who volunteered to read and record the scripts. We will
collaborate with the IT team at our implementation sites to
create reports on when each patient watched the video and if
they watched thefull video or |eft without finishingit. If patients
do not complete the video, the task will be flagged to ensure
the patient can see and come back later to finish watching the
given video.
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Textbox 3. Example of testimonial audio presented to patients.
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After having my appendix removed, | took opioids to help with the pain. But, even on the Vicodin my doctor prescribed, | didn't feel great. When my
doctor suggested that | start reducing how much | wastaking, | didn't want to do that. | wasn't feeling totally better yet. When day 5 came and | hadn't
reduced the number of pain pills, | had another problem: constipation. Turns out the pain of going to the bathroom was much worse than the actual
pain resulting from surgery. After taking stool softeners along with gradually reducing the dose, | started feeling better in aweek. | wish | had started

weaning sooner.

OPY Functional Description

OPY appears as a task within MyChart. The first OPY tasks
present welcome text for first-time users that describes what
OPY isand how to useit. OPY asks users if they want to use
OPY or if they want to opt out. OPY tasks and questions will
not appear again for peoplewho opt out. OPY then asks patients
about their comfort with filling out medical forms and their
safety taking ibuprofen or acetaminophen. The medical form
information is used to stratify results in our analysis, and the
medication question is used to customize pain management
suggestions on subsequent days. OPY users must complete these
guestions before receiving other content from OPY. OPY
presents customized messages and questions based on the
duration of time since surgery and the responses of the patient.
Onday 0 (theday of surgery), only the questions described will
be asked. OPY patients will not know which version of OPY
they areusing, or that other versionsexist. After day 0, apatient
who has opted in will receive several questions every day
offered in this order: OPY asks about side effects with
prespecified suggestions for what to do for each side effect that
they check, pain levels, and the number and frequency of pills
they took in the last 24 hours (Figure 1).

Responses are then customized based on the number of days
since surgery, patient pain level, and patient pill intake.
Depending on their responses, patients receive some
combination of pain management advice, including
recommendations to take ibuprofen or acetaminophen if able
and other standard nonmedication strategies, weaning advice
on when and how to start, and disposal advice, including
instructions on how and where to dispose of opioids.

At the end of the pathway, all patients will receive a patient
satisfaction survey which is standard and exists as an important
element of all Epic Care Companion protocols.

Once OPY patients indicate they are taking O opioids per day,
they will be asked at most 5 timesto dispose of the opioids over
a span of at most 25 days. OPY will become inactive after 15
consecutive days of no response counted either from day O or
the last response submitted. Figure 2 summarizes the flow of
events that a patient encounters once they are enrolled in the
OPY journey.

As per randomization strategy, patients would be assigned one
of the following paths: null pathway, pathway 1, pathway 2, or
pathway 3. The details are explained in Figure 3.

Figure 1. Epic Systems Corporation 2024 screenshots of OPY screen displaying questions and their responses for (A) social influence and (B)

precommitment. OPY: Opioid Management for You.
(A) Social influence

(B) Precommitment
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Figure 2. Flow of events once patients are enrolled in OPY. AVSis given to patients after medical appointments to summarize their health and guide
future care. OPY: Opioid Management for You.
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Figure 3. Randomization strategy. Standard care: null pathway; pathway 1: socia influence; pathway 2: precommitment; and pathway 3: testimonial.
First question patients receive: welcome to the Opioid Program for You! (OPY), Your care team has enrolled you in a digital opioid management
program, “OPY,” ... Do you want to take part in OPY? Click Yes to continue. Click No to stop getting these messages (yes or no). The number of
available OPY versions will change over time, which will change the randomization ratio (eg, 1 version available=1:1, standard care versus standard
care + pathway 1; 2 versions available=1:1:1, standard care versus standard care + pathway 1 versus standard care + pathway 2). We will leverage an
existing random number generator that is embedded within the NATVE tool platform which will in turn assign a designated OPY pathway based on the
ratio prescription from the statistical team. Rx: doctor’s prescription.
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Preliminary Data From the Pilot

We have demonstrated feasibility with pilot data of the OPY
app (Pathway 1) by targeting our pilot to a specific cohort of
patients undergoing upper-extremity procedures. About 13%
of opioid-naive patients continue to fill opioid prescriptions 90
days after hand surgery, signaling that this patient population
could benefit from tool s to help manage opioid use[27]. Another
population that we included in the pilot is breast surgery
patients, specifically opioid-naive patients undergoing
lumpectomy, mastectomy, mastopexy, and reduction
mammaplasty. In total, 10% of opioid-naive women continued
to fill their prescriptions 3 months after breast reconstruction
surgery [28]. Over theinitial 15 weeksfrom August of the pilot,
100 patients were €eligible to use OPY. In total, 47 (44%) of
eligible patients did not interact with OPY to either opt-in or
opt-out. Further, 26 (26%) patients opted out of participating
in OPY and 27 (27%) opted into using OPY. There is aso
evidence of persistent engagement with the OPY app, with 24
(65%) of opted-in patients using the tool at least once in the
first 4 days after surgery, and 16 (33%) of opted-in patients
using the tool at least twice in the first 4 days after surgery as
of August 10, 2023.

The preliminary data from the pilot indicates low patient
engagement in continuous use. To identify the exact reason why
patients were not using the OPY tool as we expected them to,
we reached out to patients, their families, and even perioperative
nurses. We found afew reasons, the most prominent one being
introducing patientsand their families to a new tool such
as OPY on the day of surgery which was not considered as an
effective approach. Patients are already stressed, under the
influence of anesthesia, and are overwhelmed with new
information. To ensure that we addressthose concerns, we came
up with certain strategies to improve patient compliance, for
example, introducing OPY during preop clinic visits, sending
epic care companion messages 3 days before surgery sharing
what OPY is all about, and also considering options where a
nurse (who normally call on postop day 1 to ask about patient
progress or pain) to remind them about OPY tool and its
benefits.

Study Design

This study will use a group-sequential RCT design to test the
impact of thisimportant health system initiative. Patients who
meet OPY inclusion criteria will be stratified into low,
intermediate, and high risk of opiate use based on their type of
surgery. We used preliminary data to categorize surgery types
according to their risk of opiate use. We ranked surgery types
according to their opiate use rates at 14 days and categorized
surgery typeswith userates belonging to the lower 60 percentile,
60-75 percentile, and upper 25 percentileinto low, intermediate,
and high-risk opioid use groups (surgical risk groups in
Multimedia Appendix 1). We estimate the prevalence of these
subgroups to be approximately 49%, 34%, and 17%.
Randomization will be stratified by baseline risk group, and,
within a group, participants will be randomized equally to the
SOC (the control group or nonintervention arm) or SOC plus
one of the available OPY versions.

https://www.researchprotocol s.org/2024/1/e52882
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Participant Characteristics, Sample Size, and
Recruitment Strategies

Inclusion Criteria

We will enroll opioid-naive patients, aged 18 years or older,
including pregnant women, prisoners, and underserved
populations who can read and understand English and are
undergoing surgery at the MHFV Clinics and Surgery
Center—Maple Grove (Maple Grove) or MHFV Clinics and
Surgery Center—Minneapolis. Currently, only outpatient
surgeries are performed a8 MHFV Clinics and Surgery
Center—Minneapolis and MHFV Clinics and Surgery
Center—Maple Grove. Any patient on active opioid prescription
(prescribed between 30 days before surgery and until the day
of surgery) who was not previously randomized or exposed to
OPY would be included. All patients with cancer would be
included.

Exclusion Criteria

We will exclude patients aged younger than 18 years; those
with chronic opioid use, defined as 3 or more opioid dispensing
events in the last 12 months with at least 1 of these eventsin
the last 6 months; patients with any long-acting opioid
prescription in the last 6 months; patients with a health proxy
(legal guardian) designated in Epic; patients who have opted
out of clinical research; and patients with an active palliative
care referral.

Children are excluded dueto complexitiesin postoperative care
and communication.

Sample Size

The study will enroll up to 3500 participants (approximately
1715, 1190, and 595 enrolIments to the low, intermediate, and
high-risk groups, respectively) in each OPY version.

Recruitment

We will recruit patients who are undergoing surgery with
participating providers at the 2 predetermined locations, that is,
MHFV Clinics and Surgery Center in Minneapolis and the
Maple Grove locations. Patientswho opt out of clinical research
or for whom opt-out status is missing will be excluded. The
patient is given a choice to consent or opt out of the OPY
journey during their first postoperativeinteraction with the OPY
guestionnaire distributed through Epic Care Companion. The
final decision to participate or not in the OPY journey would
be collected from the patient on the day of the surgery (end of
the day) through the OPY questionnaire distributed through
Epic Care Companion leveraging MyChart.

Study Duration and Data M anagement

We anticipate that the pragmatic trial will beimplemented over
24 months. Our tria will continue enrollments until we reach
our 3500 patients enrollment goal. We rely entirely on
collaboration with MHFV for data collection withinthe CLHSS
and Fairview data specialist teams. Thisisbecause these efforts
require the creation of new data fields that leverage alearning
health system platform. Unless specified, we will use naturally
collected NATVE data (including OPY usage) to assess process
fidelity, patient safety, and impact on outcomes.
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This project will usethe existing CLHSS or Center for Quality
Outcomes, Discovery, and Evaluation database covered by the
ingtitutional review board (IRB) under 597 Protocol
(STUDY 00014481). Theresearch database liveswithin Fairview
IT. At Fairview, IT accessis facilitated by Fairview Research.
Please see the data governance processes described in IRB 597
Protocol (STUDY 00014481) for further details. This study will
rely on the surgical datamart for data acquisition outside of (1)
the data primarily generated through the patients’ clinical
participation in the OPY tool and (2) follow-up surveys.

Data will not be shared publicly. Access is regulated by the
CLHSSand Fairview Data stewards. Additional sharing beyond
the focus of this study would require additional IRB approval.

Data Collection

Patients meeting OPY inclusion criteriawill receive aMyChart
message hotifying them of access to a specific OPY app. Each
patient, regardless of assignment to an OPY version, will receive
SOC information via the after-visit summary regarding the
appropriate use and disposal of opiatesand how to contact their
care team if pain persists or worsens. Implementation of each
app isprimarily driven by the health system. The research team
will assist with the allocation approach and subsequent analysis.
OPY will collect and send data via the Epic care companion
platform leveraging MyChart. Data generated through patient
interactionswith the OPY tool will livein the Epic environment
while the patient isinteracting with the tool. Thisincludes data
such as daily pain scores, daily opiate usage, daily deferrals of
weaning, use of nonopiate medications, “red flag” triggers, and
disposal of excess medication. Data generated through
interaction with the tool will subsequently be transferred to an
Academic Health Center Information Exchange-compliant
server as described above. Data on various stakehol der (patients
and clinicians) perspectives about their experience with the
OPY tool or program would be collected periodically using
surveys and or interviews.

Primary and Secondary Study Outcomes

Our primary outcomeisthe persistent use of opiates as measured
by continued use at 14 days. Secondary end pointswewill seek
to evaluate include the number of days between initiation of
opioid therapy and opioid-free pain control; the interval time
between opioid doses; daily pain scores, number and cause of
patient-initiated outreach events (from the care companion app);
the number of MyChart messages within the first 30 days
postoperative; the number of phone notes in the first 30 days
postoperative; 90-day hospitalization rates and hospital length
of stay; repeat surgery rates; outpatient encounter rates; referral
and completion of referral of pain management rates; 90- and
120-day opiate userates; OPY usageat 1, 3, 7, 14, and 30 days,
90 days all-cause mortality; metrics around patients’ reported
disposal of remaining pills, for example, time to disposal and
preferred disposal route.

Outcome data will be extracted from natural electronic health
record data, common to pragmatic trials. Specific measures
including tool usage, opioid prescribing rates, and the existence
of comorbidities, are al validated as a part of quality reporting
(opioid reduction optimal care map). Each measureisvalidated
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at the time of variable construction and immediately before
statistical analysis.

Data Analysis

The analysis of the primary and secondary end points will be
completed following the intention-to-treat principle. Participant
data will be analyzed according to the randomly assigned
treatment group. We will ensure that only records of patients
who have agreed to have their information used for research
are included in the analysis. We will include al patients who
opted into the OPY experiment whether they ever used the OPY
tool or not.

The baseline opioid use rate of patients varied substantially
between the low, intermediate, and high-risk groups. Moreover,
preliminary data suggested that our new tool’s effectiveness
may vary strongly across subgroups. Therefore, we opted out
of pooled analyses including all 3 subgroups. Instead, we will
conduct 3 prespecified subgroup analyses and each will use a
5% type | error level.

Efficacy Analysis

The study will enroll up to 3500 participants (approximately
1715, 1190, and 595 enrollments to the low, intermediate, and
high-risk groups) in each OPY version. Interim and final
analyses efficacy analyses will be conducted every 3 months,
separately for each surgery risk group, using an
O'Brien-Fleming type error-spending function approach to
account for the multiple interim and final analyses.
Risk-group-specific group-sequential hypothesis tests will use
al-sided 5%typel error level, to control the overall typel error
for each of the 3 interventions at a 15% type | error level.

Futility Interim Analyses

Futility interim analysis will be conducted every 3 months
separately in each risk group. The study will stop testing an
OPY version in a subgroup if, at the interim analysis, the
predicted probability of a positive study outcome (predicted
power) in this subgroup drops below 15%.

Power Analysis

Based on our initial estimates of the 14-day opioid use rates
(0.03, 0.07, and 0.16) for the SOC in each of the 3 subgroups
and an odds-ratio treatment effect of 2.0 (opioid userates0.015,
0.037, and 0.087), the group-sequential design has 64%, 82%,
and 85% power to detect positive treatment effects in the low,
intermediate, and high-risk subgroups.

Study Risks

In this minimal-risk study, there is a very low risk to
participants. Thisrisk extendsto providersinvolved in the study
or family members of participants. Breach of confidentiality is
unlikely but remains a possibility. Data will be maintained in
a secure, HIPAA (Hedth Insurance Portability and
Accountability Act)-compliant environment.

Ethical Considerations

This study protocol is submitted to the University of Minnesota
IRB and given theinitial determination of “Not human subjects
research.” All patients will be e-consented to the study before
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data collection. Thiswill be verified by study staff before data
collection and analysis. No data from patients outside the study
group will be transmitted into the study database. The study
obtained |RB approval on 31 August, 2023 (STUDY 00019820).
Thetrial wasregistered in Clinical Trials.gov (NCT06124079).

Results

This study was originally started in August 2022 and is being
supported by the Rapid Prospective Evaluation and Digital
Technology Innovation programs a CLHSS. The
implementation of thisintervention has been fully resourced by
MHFV. Thestructure of engagement, survey devel opment, data
collection, statistical analysis, and dissemination will be
coordinated by the Rapid Prospective Evaluation Program and
funded entirely. The pilot was launched in February 2023 and
is still running. Preliminary data from the pilot collected in
August 2023 is reported in the section Methods: Preliminary
Data From the Pilot. The RCT is planned to start by the end of
August 2023.

Discussion

Principal Results

In this paper, we present the protocol for the OPY study, a
group-sequential pragmatic RCT design of patient-facing digital
tools deployed using their existing chart persona health record
platform. The purpose of this innovative tool is to effectively
manage opioid use, weaning, and disposal among postoperative
patients by directly interacting at patient levels leveraging
behavioral economics principles. To our knowledge, thisisone
of the first-ever pragmatic clinical trials to study the impact of
introducing behavioral economics techniques into a
patient-facing, innovative digita technology on opioid
management, leveraging the learning health system. The tria
is set up as a hybrid implementation-effectiveness trial with
strategies informed by behavioral economics theory.

The efficacy of artificial intelligence chatbots in promoting
healthy lifestyles, smoking cessation, treatment or medication
adherence, and reduction in substance misuse has been tested
earlier; however, there were mixed results regarding feasibility,
acceptability, and usability [17]. OPY isanovel solutionto aid
with weaning and disposal of opioids in opioid-naive people
and acts uniquely in a preventative manner. By using an OPY
tool, equivalent to an archetype of achatbot, we could integrate
anatural languageinterface, delivering the pertinent information
to the postoperative patients around opioid use at the relevant
times and reporting graded alerts or flags to clinical staff to
initiate apatient or provider communication if necessary. Earlier
evidence has shown that patient characteristics (such asageand
gender) play a pivotal role in determining the probability of
filling an opioid prescription [3,18,19]. With theimplementation
of this patient-facing OPY tool, we could help postoperative,
nalve patients who are at risk of addiction to more effectively
manage these medicines.

https://www.researchprotocol s.org/2024/1/e52882
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By combining the OPY tool, apreliminary version of achatbot,
with behavioral economics, we can use social influence (socia
norms), precommitment, and testimonial-based “nudges’ to
encourage patientstoward more responsible opioid usage. Future
nudges may include social norms, loss aversion, salience effect,
and IKEA effect to encourage patients [20]. In the future, we
could include infographics showing harm from inappropriate
opioid storage and disposal and create charts for patients on
opioid useto reinforce patient decisions.

Thereis some evidence that the effect of behavioral economics
nudges on human behavior isnot guaranteed to have the desired
effects. Introducing behavioral nudges in some instances, has
induced the opposite behavior than desired [29-31]. For
example, precommitment can unintentionally telegraph to the
patient that the behavior has low urgency, decreasing their
motivation to accomplish the task. Another well-established
mechanism for influencing target behaviors is communicating
social horms that support the intended behavior. Social norm
nudges are generally accepted to operate by creating some
amount of discomfort within the patient, by demonstrating that
they are not doing what istypically done by others, to encourage
the intended behavior [32]. Our study will help clarify if the
behavioral economics techniques we have incorporated can
inspire early weaning and disposal or not.

Limitations

A limitation of this study is that the app is currently only
availablein English, and we will only include patients who can
read and write basic English. We are aso excluding patients
lacking the capacity to consent, aswell as children, dueto their
inability to functionally and meaningfully interact with the app.
We will only limit the enroliment to patients undergoing
same-day surgery across 2 locations and not system-wide at
thistime. Thislimits the operational lift to execute this project
and the number of staff needing new training on the OPY
technology and care pathway. We do plan to expand to
outpatient surgery at the hospital and then to inpatients. Further,
in the testimonial version of OPY, the images or voices over
the image are generic and the current technology does not have
the capability of matching with the patient's actua
demographics.

Conclusions

In summary, by implementing OPY in opioid-naive patients,
wewill be ableto help prescribers remotely manage new opioid
prescriptions. Given the significant limitation in physical
proximity with the care team, we must empower patients with
apractical tool to assist in weaning off and disposing of opioid
medications that are available to them 24/7. |mplementation of
3 versions of OPY, al designed to promote weaning from
opioidsand legal disposal in opioid-naive patients, will produce
generalizable evidence about theimpact of behavioral economics
on patient prescription behavior. If successful, OPY will advance
the understanding and effectiveness of electronic health
record—based strategies with patient interaction to improve the
delivery of evidence-based careto patientsat high risk for opioid
addiction.
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Multimedia Appendix 1

Ranking of surgery types according to their opiate use rates at 14 days. Surgeries are listed from lowest to highest rates of opiate
use. Surgery types are additionally categorized by use ratesinto lower 60 percentile (low-risk opioid use group), 60-75 percentile
(medium-risk opioid use group), and upper 24 percentile (high-risk opioid use group).
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References

1. Gaither JR, Leventhal IM, Ryan SA, CamengaDR. National trendsin hospitalizationsfor opioid poisonings among children
and adolescents, 1997 to 2012. JAMA Pediatr. 2016;170(12):1195-1201. [FREE Full text] [doi:
10.1001/jamapediatrics.2016.2154] [Medline: 27802492]

2. AllenJD, Casavant MJ, Spiller HA, Chounthirath T, Hodges NL, Smith GA. Prescription opioid exposures among children
and aAdolescents in the United States: 2000-2015. Pediatrics. 2017;139(4):€20163382. [doi: 10.1542/peds.2016-3382]
[Medline: 28320869]

3.  McCabe SE, West BT, Veliz P, McCabe VYV, Stoddard SA, Boyd CJ. Trendsin medical and nonmedical use of prescription
opioids among US adolescents: 1976-2015. Pediatrics. 2017;139(4):€20162387. [FREE Full text] [doi:
10.1542/peds.2016-2387] [Medline: 28320868]

4.  Elzey MJ, Barden SM, Edwards ES. Patient characteristics and outcomes in unintentional, non-fatal prescription opioid
overdoses: a systematic review. Pain Physician. 2016;19(4):215-228. [FREE Full text] [Medline: 27228510]

5. Wide-Ranging Online Data for Epidemiologic Research (WONDER). Centers for Disease Control and Prevention. 2023.
URL: http://wonder.cdc.gov [accessed 2023-11-01]

6.  Robert M, Jouanjus E, Khouri C, Fouilhé Sam-Lai N, Revol B. The opioid epidemic: A worldwide exploratory study using
the WHO pharmacovigilance database. Addiction. 2023;118(4):771-775. [doi: 10.1111/add.16081] [Medline: 36331523]

7. Dowell D, Ragan KR, Jones CM, Baldwin GT, Chou R. CDC clinical practice guideline for prescribing opioids for pain -
United States, 2022. MMWR Recomm Rep. 2022;71(3):1-95. [FREE Full text] [doi: 10.15585/mmwr.rr7103al] [Medline:
36327391]

8. Delgado MK, Huang Y, Meisel Z, Hennessy S, Yokell M, Polsky D, et al. National variation in opioid prescribing and risk
of prolonged use for opioid-naive patients treated in the emergency department for ankle sprains. Ann Emerg Med.
2018;72(4):389-400.€1. [FREE Full text] [doi: 10.1016/j.annemergmed.2018.06.003] [Medline: 30054152]

9. LarachDB, SaharaMJ, As-Sanie S, Moser SE, Urquhart AG, Lin J, et al. Patient factors associated with opioid consumption
in the month following major surgery. Ann Surg. 2021;273(3):507-515. [FREE Full text] [doi:
10.1097/SL A.0000000000003509] [Medline: 31389832]

10. Bicket MC, Long JJ, Pronovost PJ, Alexander GC, Wu CL. Prescription opioid analgesics commonly unused after surgery:
asystematic review. JAMA Surg. 2017;152(11):1066-1071. [FREE Full text] [doi: 10.1001/jamasurg.2017.0831] [Medline:
28768328]

11. Mullainathan S, Thaler RH. Behavioral economics. National Bureau of Economic Research Working Paper Series. 2000.
URL: https://www.nber.org/system/files'working_papers/w7948/w7948.pdf [accessed 2024-02-02]

12. Matjasko JL, Cawley JH, Baker-Goering MM, Yokum DV. Applying behavioral economics to public health policy:
illustrative examples and promising directions. Am J Prev Med. 2016;50(5 Suppl 1):S13-S19. [FREE Full text] [doi:
10.1016/j.amepre.2016.02.007] [Medline: 27102853]

https://www.researchprotocols.org/2024/1/e52882 JMIR Res Protoc 2024 | vol. 13| €52882 | p. 9
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v13i1e52882_app1.xlsx&filename=9a965f9bc06706bef6b00eedf7575f95.xlsx
https://jmir.org/api/download?alt_name=resprot_v13i1e52882_app1.xlsx&filename=9a965f9bc06706bef6b00eedf7575f95.xlsx
https://europepmc.org/abstract/MED/27802492
http://dx.doi.org/10.1001/jamapediatrics.2016.2154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27802492&dopt=Abstract
http://dx.doi.org/10.1542/peds.2016-3382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28320869&dopt=Abstract
https://europepmc.org/abstract/MED/28320868
http://dx.doi.org/10.1542/peds.2016-2387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28320868&dopt=Abstract
http://www.painphysicianjournal.com/linkout?issn=&vol=19&page=215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27228510&dopt=Abstract
http://wonder.cdc.gov
http://dx.doi.org/10.1111/add.16081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36331523&dopt=Abstract
https://europepmc.org/abstract/MED/36327391
http://dx.doi.org/10.15585/mmwr.rr7103a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36327391&dopt=Abstract
https://europepmc.org/abstract/MED/30054152
http://dx.doi.org/10.1016/j.annemergmed.2018.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30054152&dopt=Abstract
https://europepmc.org/abstract/MED/31389832
http://dx.doi.org/10.1097/SLA.0000000000003509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31389832&dopt=Abstract
https://europepmc.org/abstract/MED/28768328
http://dx.doi.org/10.1001/jamasurg.2017.0831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28768328&dopt=Abstract
https://www.nber.org/system/files/working_papers/w7948/w7948.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0749-3797(16)00063-5
http://dx.doi.org/10.1016/j.amepre.2016.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27102853&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Rizvi et d

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Vlaev I, King D, Dolan B, Darzi A. Thetheory and practice of “Nudging”: changing health behaviors. Public Administration
Review. 2016;76(4):550-561. [FREE Full text] [doi: 10.1111/puar.12564]

Horne BD, Muhlestein JB, Lappé DL, May HT, Le VT, Bair TL, et a. Behavioral nudges as patient decision support for
medication adherence: the ENCOURAGE randomized controlled trial. Am Heart J. Feb 2022;244:125-134. [FREE Full
text] [doi: 10.1016/j.ahj.2021.11.001] [Medline: 34798073]

Oberlin SR, Parente ST, Pruett TL. Improving medication adherence among kidney transplant recipients: findings from
other industries, patient engagement, and behavioral economics-a scoping review. SAGE Open Med.
2016;4:2050312115625026. [FREE Full text] [doi: 10.1177/2050312115625026] [Medline: 26835016]

Kwan YH, Cheng TY, Yoon S, Ho LY C, Huang CW, Chew EH, et a. A systematic review of nudge theories and strategies
used to influence adult health behaviour and outcome in diabetes management. Diabetes Metab. Nov 2020;46(6):450-460.
[FREE Full text] [doi: 10.1016/j.diabet.2020.04.002] [Medline: 32387700]

Linnemayr S, Stecher C, Saya U, MacCarthy S, Wagner Z, Jennings L, et al. Behavioral economics incentives to support
HIV treatment adherence (BEST): protocol for arandomized controlled trial in Uganda. Trials. 2020;21(1):9. [FREE Full
text] [doi: 10.1186/s13063-019-3795-4] [Medline: 31900193]

Woodend A, Schilmerich V, Denktas S. "Nudges' to prevent behavioral risk factors associated with major depressive
disorder. Am J Public Health. 2015;105(11):2318-2321. [FREE Full text] [doi: 10.2105/AJPH.2015.302820] [Medline:
26378823]

Martin A, Kunzler N, NakagawaJ, Lee B, Wakeman S, Weiner S, et al. Get waivered: aresident-driven campaign to address
the opioid overdosecrisis. Ann Emerg Med. 2019;74(5):691-696. [ FREE Full text] [doi: 10.1016/].annemergmed.2019.04.035]
[Medline: 31272821]

Aggarwa A, Tam CC, Wu D, Li X, Qiao S. Artificial intelligence-based chatbots for promoting health behavioral changes:
systematic review. J Med Internet Res. 2023;25:e40789. [FREE Full text] [doi: 10.2196/40789] [Medline: 36826990]
Precommitment. The Decision Lab. URL : https:.//thedecisi onl ab.com/reference-guide/psychol ogy/precommitment [accessed
2023-11-01]

Fukuma S, Ikenoue T, Sasaki S, SaigusaY, Misumi T, Saito Y, et a. Nudging patients with chronic kidney disease at
screening to visit physicians: a protocol of a pragmatic randomized controlled trial. Contemp Clin Trials Commun.
2019;16:100429. [FREE Full text] [doi: 10.1016/j.conctc.2019.100429] [Medline: 31497673]

Kullgren JT, Hafez D, Fedewa A, Heisler M. A scoping review of behavioral economic interventions for prevention and
treatment of type 2 diabetes mellitus. Curr Diab Rep. 2017;17(9):73. [EREE Full text] [doi: 10.1007/s11892-017-0894-7]
[Medline: 28755061]

Houston TK, Allison JJ, Sussman M, Horn W, Holt CL, Trobaugh J, et al. Culturally appropriate storytelling to improve
blood pressure: arandomized trial. Ann Intern Med. 2011;154(2):77-84. [EREE Full text] [doi:
10.7326/0003-4819-154-2-201101180-00004] [Medline: 21242364]

Andreae SJ, Andreae LJ, Cherrington AL, Richman JS, Johnson E, Clark D, et al. Peer coach delivered storytelling program
improved diabetes medication adherence: a cluster randomized trial. Contemp Clin Trials. 2021;104:106358. [FREE Full
text] [doi: 10.1016/j.cct.2021.106358] [Medline: 33737200]

Technology help: stock content. University of Minnesota. URL : https.//it.umn.edu/services-technol ogies/stock-content-0/
[accessed 2023-08-01]

Johnson SP, Chung KC, Zhong L, Shauver MJ, Engelsbe MJ, Brummett C, et a. Risk of prolonged opioid use among
opioid-naive patients following common hand surgery procedures. JHand Surg Am. 2016;41(10):947-957.€3. [ FREE Full
text] [doi: 10.1016/j.jhsa.2016.07.113] [Medline: 27692801]

Kendall MC, Alves LJC. Prescription opioid use among opioid-naive women undergoing immediate breast reconstruction.
Plast Reconstr Surg. 2018;142(4):609e. [FREE Full text] [doi: 10.1097/PRS.0000000000004756] [Medline: 30252831]
Beshears J, Dai H, Milkman KL, Benartzi S. Framing the future: the risks of pre-commitment nudges and potential of fresh
start messaging. National Bureau of Economic Research Working Paper. 2016. URL: https://staticl.sguarespace.com/static/
5353b838e4b0e68461b517cf/t/583cabacd2b8571174b28e40/1480369581625/48-Beshears _et_al_2016.pdf [accessed
2019-09-04]

Thunstrom L, Gilbert B, Ritten CJ. Nudgesthat hurt those already hurting —distributional and unintended effects of salience
nudges*. J Econ Behav Organ. 2018;153:267-282. [FREE Full text] [doi: 10.1016/j.jeb0.2018.07.005]

Bicchieri C, Dimant E. Nudging with care: therisks and benefits of socia information. Public Choice. 2022;191(3-4):443-464.
[FREE Full text] [doi: 10.1007/s11127-019-00684-6]

Voigt K. Nudging, shaming and stigmatising to improve population health: comment on "nudging by shaming, shaming
by nudging". Int J Health Policy Manag. 2014;3(6):351-353. [FREE Full text] [doi: 10.15171/ijhpm.2014.114] [Medline:
25396213]

Abbreviations

CLHSS: Center for Learning Health System Sciences
HIPAA: Health Insurance Portability and Accountability Act

https://www.researchprotocols.org/2024/1/e52882 JMIR Res Protoc 2024 | vol. 13 | €52882 | p. 10

(page number not for citation purposes)


https://onlinelibrary.wiley.com/doi/10.1111/puar.12564
http://dx.doi.org/10.1111/puar.12564
https://linkinghub.elsevier.com/retrieve/pii/S0002-8703(21)00444-0
https://linkinghub.elsevier.com/retrieve/pii/S0002-8703(21)00444-0
http://dx.doi.org/10.1016/j.ahj.2021.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34798073&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2050312115625026?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2050312115625026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26835016&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1262-3636(20)30057-4
http://dx.doi.org/10.1016/j.diabet.2020.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32387700&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3795-4
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3795-4
http://dx.doi.org/10.1186/s13063-019-3795-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31900193&dopt=Abstract
https://ajph.aphapublications.org/doi/abs/10.2105/AJPH.2015.302820?journalCode=ajph
http://dx.doi.org/10.2105/AJPH.2015.302820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26378823&dopt=Abstract
https://www.annemergmed.com/article/S0196-0644(19)30358-0/fulltext
http://dx.doi.org/10.1016/j.annemergmed.2019.04.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31272821&dopt=Abstract
https://www.jmir.org/2023//e40789/
http://dx.doi.org/10.2196/40789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36826990&dopt=Abstract
https://thedecisionlab.com/reference-guide/psychology/precommitment
https://linkinghub.elsevier.com/retrieve/pii/S2451-8654(19)30191-7
http://dx.doi.org/10.1016/j.conctc.2019.100429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31497673&dopt=Abstract
https://europepmc.org/abstract/MED/28755061
http://dx.doi.org/10.1007/s11892-017-0894-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28755061&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-154-2-201101180-00004?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/0003-4819-154-2-201101180-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21242364&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S155171442100094X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S155171442100094X?via%3Dihub
http://dx.doi.org/10.1016/j.cct.2021.106358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33737200&dopt=Abstract
https://it.umn.edu/services-technologies/stock-content-0/
https://www.jhandsurg.org/article/S0363-5023(16)30427-0/fulltext
https://www.jhandsurg.org/article/S0363-5023(16)30427-0/fulltext
http://dx.doi.org/10.1016/j.jhsa.2016.07.113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27692801&dopt=Abstract
https://journals.lww.com/plasreconsurg/fulltext/2018/10000/prescription_opioid_use_among_opioid_naive_women.86.aspx
http://dx.doi.org/10.1097/PRS.0000000000004756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30252831&dopt=Abstract
https://static1.squarespace.com/static/5353b838e4b0e68461b517cf/t/583ca5acd2b8571174b28e40/1480369581625/48-Beshears_et_al_2016.pdf
https://static1.squarespace.com/static/5353b838e4b0e68461b517cf/t/583ca5acd2b8571174b28e40/1480369581625/48-Beshears_et_al_2016.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0167268118301823
http://dx.doi.org/10.1016/j.jebo.2018.07.005
https://link.springer.com/article/10.1007/s11127-019-00684-6
http://dx.doi.org/10.1007/s11127-019-00684-6
https://europepmc.org/abstract/MED/25396213
http://dx.doi.org/10.15171/ijhpm.2014.114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25396213&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Rizvi et d

IRB: institutional review board
MHFV: M Hedth Fairview

OPY: Opioid Management for You
RCT: randomized controlled tria
SOC: standard of care
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