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Introduction: Adaptation is a key aspect of implementation science; interventions
frequently need adaptation to better fit their delivery contexts and intended users
and recipients. As digital health interventions are rapidly developed and expanded,
it is important to understand how such interventions are modified. This paper
details the process of engaging end-users in adapting the PREVENT digital
health intervention for rural adults and systematically reporting adaptations using
the Framework for Reporting Adaptations and Modifications-Enhanced (FRAME).
The secondary objective was to tailor FRAME for digital health interventions and
to document potential implications for equity.

Methods: PREVENT's adaptations were informed by two pilot feasibility trials and
a planning grant which included advisory boards, direct clinic observations, and
qualitative interviews with patients, caregivers, and healthcare team members.
Adaptations were catalogued in an Excel tracker, including a brief description
of the change. Pilot coding was conducted on a subset of adaptations to
revise the FRAME codebook and generate consensus. We used a directed
content analysis approach and conducted a secondary data analysis to apply
the revised FRAME to all adaptations made to PREVENT (n = 20).

Results: All but one adaptation was planned, most were reactive (versus
proactive), and all adaptations preserved fidelity to PREVENT. Adaptations were
made to content and features of the PREVENT tool and may have positive
implications for equity that will be tested in future trials.

Conclusion: Engaging rural partners to adapt our digital health tool prior to
implementation with rural adults was critical to meet the unique needs of rural,
low-income adult patients, fit the rural clinical care settings, and increase the
likelihood of generating the intended impact among this patient population. The
digital health expansion of FRAME can be applied prospectively or
retrospectively by researchers and practitioners to plan, understand, and
characterize digital health adaptations. This can aid intervention design, scale
up, and evaluation in the rapidly expanding area of digital health.
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1 Introduction

Cardiovascular disease (CVD) is the leading cause of death in the
United States (US), and disproportionately affects the 60 million
people living in rural areas (1, 2). CVD prevalence is 40% higher
among rural than urban residents (1), and while CVD mortality
decreased by 6.4% in urban areas between 2010 and 2022, CVD-
related deaths increased nearly 1% in rural areas over the same
time period (3). The American Heart Association’s (AHA’s) Life’s
Essential 8 has identified modifiable health behaviors (i.e., physical
activity and food intake) as critical for cardiovascular health and
prevention of CVD (4). Evidence-based interventions that improve
physical activity, food intake, and body mass index (BMI), can
prevent up to 40% of deaths (5). Yet, only 20% of US adults meet
healthy lifestyle recommendations and those in rural, low-income
areas are particularly challenged by unmet social needs (e.g., food
insecurity, lack of transportation) (6-12).

Promotion of healthy behavior is impacted by the conditions in
which people live and work (4). Emphasized in the Chronic Care
Model (13), connecting patients with health-promoting resources,
e.g., healthy lifestyle programs, social services, and food resources,
is critical to create opportunities for individuals to improve health
behaviors and attain their highest level of health, particularly in
rural communities (14). Rural communities face unique challenges
to healthy behaviors, such as the cost and availability of nutritious
foods and low walkability (15, 16). Additionally, minoritized
racial/ethnic groups and low socioeconomic status populations
often encounter similar barriers, further complicating their efforts
to maintain a healthy lifestyle (17). Digital tools can be utilized to
gather additonal health behavior and social needs data that is not
typically included in the electronic health records. The digital
health tool data is used to promote data-informed, individually
tailored care within routine clinical encounters (18). When using
digital interventions in rural communities, considerations of digital
literacy and the potential for limited access to and low-quality of
broadband are important (19-21).

To address these challenges in promoting cardiovascular health,
our team developed PREVENT, a digital health tool intended for
healthcare providers to use during routine clinical encounters to
health
individualized evidence-based physical activity and food intake

provide data-informed  cardiovascular education,
goals, and resources to promote health behavior change among
patients with overweight/obesity (22-24). PREVENT was originally
developed for adolescents with overweight/obesity and piloted with
healthcare providers in urban clinical settings (22). To be effective
among rural adults with overweight/obesity, PREVENT must be
adapted to meet the unique needs of adults, rural communities, and
their
frequently modified using intentional adaptations, ie., planned or

clinical care settings. Evidence-based interventions are
purposeful changes to the design or delivery of the intervention,
and unanticipated changes during the testing or implementation
process. Modifications may facilitate successful implementation and
sustainability by improving the fit between interventions and the
target population or the routine delivery context, yet some
modifications may deviate from the intended intervention appraoch

(25). Further, the potential positive or negative implications such
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adaptations and modifications have on equity are not well
documented or understood. Utilizing a systematic tracking process,
such as the Framework for Reporting Adaptations and
Modifications to Evidence-Based Interventions (FRAME), facilitates
understanding of how and to what degree the adaptation affects
implementation and effectiveness (26, 27). This approach also
fosters consistency and efficiency for the development of future
programs’ implementation planning by providing detailed
explanations and transparency in decision making.

Given the unique challenges of using digital health for health
promotion in rural settings, it is important to utilize a systematic,
user-engaged approach to proactively optimize the intervention
while maintaining fidelity with the program’s goal (28). The
users and the community of interest are best suited to inform
adaptations as they are most knowledgeable about their needs,
preferences, organizational capacity (resources and staffing), and
implementation challenges (29-31).

The primary objective of this paper is to demonstrate the process
of engaging end-users in adapting PREVENT for rural adults and
systematically reporting adaptations using FRAME. The secondary
objective was to tailor FRAME for digital health adaptation
tracking and to document potential implications for equity.

2 Materials and methods

2.1 PREVENT tool

The original development of the PREVENT digital health tool
is described in detail by Kepper and colleagues (22). PREVENT is a
digital clinical support tool used by healthcare providers to deliver
health behavior counseling to patients during their clinical care
visit, and follow-up with them after the visit to support health
behavior change and promote cardiovascular health. The original
version of the PREVENT tool was designed for adolescents (<18
years of age) and used the American Heart Association (AHA’s)
Life’s Simple 7 cardiovascular health indicators and algorithm to
categorize patient health behaviors (food intake, physical activity,
smoking) and clinical indicators (BMI, blood pressure, blood
glucose, cholesterol) into ideal, intermediate, or poor ranges.
PREVENT integrates these data into an interactive dashboard
that summarizes the patient’s cardiovascular health status. Based
on a patient’s current behaviors and health status, the PREVENT
tool generates personalized, evidence-based food intake and
physical activity goals. The tool includes a community resource
map cataloging resources to support healthy eating and physical
activity (e.g., farmer’s markets, food pantries, community centers,
parks and playgrounds). PREVENT summarizes this information
into a patient prescription that is delivered electronically via text
or email, per patient communication preferences. Additionally,
PREVENT sends monthly automated goal check-ins to patients
to report their progress, troubleshoot barriers, and provides
tailored encouragement messages and new goals.

To effectively use PREVENT, healthcare teams are trained on
how to use the tool (e.g., how to locate a patient profile, how to
use the tool’s features) and employ shared-decision-making
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techniques to prioritize behavior change goals with the patient. In
two pilot feasibility trials, the PREVENT tool was tested in multiple
care delivery models to align with existing practice workflows,
including by a single provider or using a team-based approach
involing two roles on the care team to address different aspects
of the tool (one provider offers cardiovascular health education,
another addresses behavior changes goals and resources) (23, 24).
PREVENT was orinigally tested as a standalone, Health
Insurance Portability and Accountability Act (HIPAA) compliant
webtool, and can also be integrated into various electronic health
record systems. To ensure the tool facilitates personalized
counseling, it administers surveys to the patient and relies on
self-report and objective patient data that is within the patient’s
chart (e.g., address, weight, height), which can be manually
entered or automatically pulled when the tool is integrated into
the electronic health record.

2.2 PREVENT trials and adaptation data
sources

Changes to the PREVENT tool, reported in the results section of
this paper, were informed by an array of data sources, implementers,
and recipients. Adaptation of the PREVENT tool took place in
iterative phases over the course of the three projects described
below. Table 1 summarizes the information sources informing the
adaptation of the PREVENT tool. All projects received
Institutional Review Board approval (#202004230, #202007026,
#202209074, #202211172) and followed appropriate consent
procedures for all participants.

We conducted two randomized pilot feasibility trials of the
PREVENT tool among two patient populations receiving care in
clinics affiliated with a large academic medical center. The first
trial among adolescent patients with obesity aged 12-18 receiving
care in a multi-disciplinary weight management clinic (referred to
as “Healthy Start” throughout), launched in early 2021 (32). The
second trial conducted later in 2021 was among adolescent and
young adult (AYA) cancer survivors aged 12-39 receiving
comprehensive survivorship care across three clinics in an urban

TABLE 1 Data sources informing adaptations.
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metro area (referred to as “AYA cancer survivorship” throughout)
(24). The study design was similar across both trials, which
included patient-level randomization to an intervention condition
in which their provider used the PREVENT tool during their
routine clinic visit or a usual care control condition. In both trials,
we observed a subset of intervention visits to assess PREVENT’s
use and fit with workflow. We conducted post-intervention
surveys and semi-structured interviews with healthcare providers
who delivered the tool and with patients and parents of minor
patients who received PREVENT. The research team also received
informal feedback from healthcare team members during these
trials while in the clinic conducting recruitment and providing
technical assistance. Informal feedback was documented in field
notes as barriers and facilitators in real-time by the research team.
At the end of each trial, the research team conducted one hour
virtual debrief meetings with the healthcare teams from the two
trials. These meetings included participant validation of key
learnings from the trials, collection of quantitative ratings to
prioritize barriers and facilitators to implementation, and
recommended implementation strategies and adaptations to
support PREVENT’s integration into routine practice.

In addition to the two pilot feasibility studies, we conducted a
one-year planning project (referred to as “rural planning project”
throughout) to adapt PREVENT for use via a team-based care
approach for adult patients in rural clinics, in preparation for a
larger scale hybrid implementation-effectiveness trial. This rural
planning project included rapid clinic ethography (33), consisting
of site visits to observe clinic workflows, document review (e.g.,
binders),

interviews. Informal conversations during site visits between the

local  resource and semi-structured qualitative
research team and clinic managers, staff, and healthcare team
members, were documented in field notes from the visit. Semi-
structured qualitative interviews with prospective users of the
PREVENT tool [e.g., physicians, nurse practitioners, social
workers, community health workers (CHWSs)] were audio-
recorded and transcribed. The interview guide is included as
Supplementary Data Sheet 1.

All three studies included an advisory board (composition

varied by project) comprised of researchers, clinicians, health

Data Source _____Data type _ Participant(s)

Pilot Trials

Interviews with users Qualitative

Direct observation of use Qualitative, quantitative

Heatlhcare team members who implemented the tool & patient participants in pilot trials

Heatlhcare team members who implemented the tool & patient participants in pilot trials

Late 2021 - early
2022

Mid-late 2021

Informal feedback during Qualitative Implementing clinicians Mid 2021 - early

pilot trials 2022

Pilot trial advisory board Qualitative Researchers, clinicians, health system leaders, community organizations, patients Early 2021 - Mid
2022

Post-trial debrief meetings Qualitative, quantitative

Rural planning project

Interviews with prospective | Qualitative
users
Rapid clinic ethnography Qualitative, quantitative

Rural advisory board Qualitative

Frontiers in Digital Health

Heatlhcare team members who implemented the tool

Physicians, nurse practitioners, nurses, and community health workers in rural clinics who may
implement the tool in the future
Rural clinic teams (healthcare teams, staff, clinic managers)

Researchers, healthcare team members, health system leaders, community organizations, patients

03

Early-mid 2022

Early 2023

Early 2023
Early 2023
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system leaders (e.g, chief executive officer, medical director,

information technology director), community organization
partners (e.g., rural community resource council), and patients;
suggested adaptations were documented from advisory board
the PREVENT

investigator (PI, MMK) had regular meetings with the software

meeting notes. Finally, study’s principal
development team who conducted the programming work to
develop PREVENT. The research team kept notes and an Excel
tracker of all changes made to the PREVENT tool since its

original development.

2.3 PREVENT adaptation coding

2.3.1 Codebook development

Given the novelty of digital health interventions in the field of
implementation science, our team modified FRAME to improve its
applicability to characterize changes to the PREVENT tool.
Refinements to existing elements of FRAME included modifying
code labels to better fit the context of the PREVENT studies
(e.g., changing “treatment/intervention team” to “care team”),
adding new coding options within a category (e.g., addition of
“what is modified”),
operationalizing code definitions to fit the digital context.

Additionally, we added new elements to FRAME on end-user
participation in adaptations and equity implications. New

“feature” as an option within and

elements included: (1) “source/method informing change” to

10.3389/fdgth.2025.1493814

capture the participant type and data source from which
information informing the change was derived; (2) options to
classify changes made to the features of a digital health tool; and
(3) a component to code the positive and negative equity
implications of each adaptation (Figure 1; Supplementary
Table 1). The coding for equity implications was guided by an
approach developed by the second author, and was broadly
inclusive of potential to impact equitable implementation
processes (e.g., fair distribution of decision-making power among
healthcare team roles) and outcomes (e.g., equitable reach of the
intervention to marginalized patient groups).

2.3.2 Coding

The research team tracked and systematically coded adaptations
made to the PREVENT tool across the three aforementioned studies.
Qualitative data from the PREVENT studies were analyzed using a
directed content analysis approach (34, 35), and we conducted
secondary data analysis of the coding memos to ascertain the
modifications made to the PREVENT tool or suggestions from
which modification decisions were derived. Adaptations were
categorized based on FRAME (26). This commonly used
implementation science framework includes detailed elements for
categorizing the types of modifications made to an intervention
(see Supplementary Data Sheet 1 for detailed codebook).

The study PI and three research assistants assembled a list of
adaptations from the data sources described above, entering a
brief narrative summary of each change into the Excel tracker.

Framework for ﬁeporﬂng Adaptations and Modiﬁcaﬂons-Expanded-

Political leaders that staff are trained in or how
Program Leader the intervention is evaluated

- Funder

- Administrator Implementation and scale-up
Program manager activities

'PROCESS
WHEN did the modification occur? WHAT is modified? Whatis the NATURE of the content modification?
IF;']edn:"Pele;“;';Thonfplaﬂmﬂg’p‘m Content At what LEVEL OF - Tailoringtweaking/refining [Feature modifications
Scplle n’a | . - Modifications made to content DELIVERY (for whom/what is - Changes in packaging or materials lare made to which of
v gt:Up‘sc/ase TL{ " itself, or that impact how the modification made ?) - Adding elements the following?
Maintenance/Sustainmen :s[pectsdol the treatment are Individual - Removing/skipping elements - interface
Were adaptations planned? elrvere - Target Intervention Group Sh i ing (pacing/ ) - interactivity
‘ - /i / -
Planned/Proactive (prasciive Cootull fﬁ:&"a"g:féﬁ'; that Lengthening/ extending (pacingtiming) Lu]nﬁglogccuw ,
adaptation) - Modifications made to the way characteristic E“bsm““"g ~ 29 el
:’;zg:ﬁg:)eaclw (reacive ;he,- — rdall Lpatmest s, ~ {indwiduslpracttioner Spreading :I,ueaking up y:‘ri‘:)lrensc:me;l over multiple sessions)
overe - Clinic/unit level s of th 10 another & (
i : ) i - pants of the into another eg.
WHO participated in the decision to Training and Evaluation S;?::':(amn ‘ selecting elements)
modify? - Modifications made to the way

System/Community

Contextual modifications are
made to which of the

- Integrating another treatment into EBP (not using the whole protocol
and integrating other techniques into a general EBP approach)

- Repeating elements or modules
Loosening structure
Departing from the i ion (“drift”) foll
protocol within the encounter

d by a return to

Intervention developer/purveyor - Modifications to the following? 0 n .
Researcher/research team strategies used to implement Format Drift from protocol without returning
- Software developer or spread the intervention Setting
- Implementing practitioners Feature Personnel — - . n
- Potential future users As of the tool that Population Y ?
- Community members d ne tts function (e.g., Fidelity C ore or functions pr
Recipients s rs, icons, data displays) Fidelity ore or functions changed
Optional: Indicate who made the Unknown What are the potential equity
ultimate decision. I REASONS I implications of the modffication?

I (+) potential to enhance equity

What was the goal?
Increase reach or
engagement
Increase retention
Improve feasibility

- Improve fit with recipients
- To address cultural factors

- Competing demands or mandat
- Time constraints

- Senvice structure

- Location/accessibilty

- Regulatory/compliance

Existing Policies
Existing Regulations
Political Climate
Funding Policies
Historical Context

Improve Societal/Cultural Norms - Billing constraints
effectiveness/outcomes Funding or Resource - Sodial context (culture, climate,
Reduce cost support)

- Mission

Increase satisfaction
- Cultural or religious norms

Increase usability

| sociopoumicat ORGANIZATION/SETTING PROVIDER RECIPIENT () potential to diminish equity
Existing Laws - Available resources (funds, staffing, Race - Race; Ethnicity (0) unlikely or unknown impact
Existing Mandates technology, space) Ethnicity Gender identity — CEYarSaws

les

Sexual Orientation

- Accessto resources
Cognitive capadity

- Physical capacity

- Literacy and education
level

Sexualgenderidentity
FirsUspokenlanguages
Previous Training and Skills
Preferences

Clinical Judgement

Cultural norms, competency
Perception of

- Cultural of religious norms

- ComordidityMultimordidty
Immigration Status
Crisis or emergent
drcumstances

- Motivation andreadiness

Blue text = modification to existing construct Green text = new domain/construct

- Increase interaction

- - informal co
- Improve fit with implementers |~ 27/

- align

FIGURE 1
Frame figure
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The team then pilot coded a subset of the adaptations using the
revised FRAME codebook. The team reviewed the coding,
provided comments and edits asynchronously, then met to
generate consensus and revise the codebook. The team then
independently coded remaining adaptations, repeating the
process of asynchronous review by an independent coder and
consensus discussion to resolve disagreements.

3 Results

A summary of coded adaptations is presented in Table 2
(Supplementary Table 2 provides the expanded table of
adaptations with all FRAME coding). All adaptations were
fidelity consistent and preserved the core functions of the
original PREVENT tool. Prior to the second trial of PREVENT
(12-39 years), PREVENT was
proactively expanded for adults (>18 years of age) based on

in AYA cancer survivors
input from our advisory board to increase the reach and equity
of PREVENT, improve the fit, and increase the effectiveness
among this age group. This expansion required changes to the
(e.g. (e.g.
cardiovascular health scoring) and context (adult clinics). The

content education materials, goals), features
reason for this change was preferences by clinicians who felt this
tool would benefit adult patients and was influenced by funding
support for behavior change interventions in AYA cancer
survivors who are at an increased risk for poor cardiovascular
health compared to their counterparts. Another major adaptation
of PREVENT occurred following the pilot trials with the release
of the AHA’s Life’s Essential 8 (34) (an update to Life’s
Simple 7), which added sleep as a risk factor and updated the
way in which cardiovascular health was scored (Figure 2). To
align with this new guidance, we updated features and content of
our tool. Specifically, surveys were updated to include sleep, add
necessary questions on medication use for blood pressure and
cholesterol, and change food intake questions to align with the
Mediterranean Eating Pattern for Americans (MEPA) screener
(36) that was recommended by Life’s Essential 8. The risk
updated based AHA’s

educational content was updated with the goal of improving the

calculation was changes, and our
effectiveness and outcomes of our tool. The addition of sleep
may increase patients’ knowledge of the importance of sleep and
have positive equity implications as minoritized racial/ethnic
groups and low socioeconomic status populations have higher
prevalence of sleep deficiency (37, 38).

Several adaptations were made to increase the patient-
centeredness and personalization of the PREVENT tool. Based
on interviews with care team members and input from our
advisory board, we increased the interactivity of the goal setting
allowing users to edit and turn goals on and off. This change, in
combination with the added element that displayed patient’s
motivation to change their behaviors, allows the care team
member to better work with the patient to provide goals that are
a better fit for them, ultimately increasing the satisfaction of the
recipient. Based on feedback and direct observation from our
pilot trials, we made several adaptations to improve the
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intervention. First, we adapted patient demographic information
to include gender identity. Second, we adapted the tailoring of
food
recommendations for each food behavior (e.g., vegetable intake,

goals.  Previously,  patients  received  generic
whole grain consumption) that were not being met by the
patient. Now goals are personalized based on the patients current
behavior. For Instance, if a patient is currently eating 3 servings
of vegetables per week, their first goal would be to eat 4 servings
of vegetables per week. Over time, these goals will gradually
increase or decrease the consumption to meet the
overall recommendation.

Several changes were focused on increasing patient engagement
with the PREVENT tool and its content with the goal of increasing
the usability of the tool, improving fit with recipients, and
increasing retention. The prescription that is delivered to the
patient following the clinical encounter was improved by
improving the literacy level, adding more information on
resources that were selected, updating graphics, enlarging text,
and adding more educational material. While these changes have
many positive potential implications for equity, the content is
not available in a language other than English and may still not
be understandable for illiterate populations. Physical activity and
food intake behaviors were moved to the top of the risk profile
to make them the first thing patients see when viewing the tool.
Pilot trials of PREVENT had low response rate to monthly
follow-up surveys that examine patient’s attainment of their
physical activity and food intake goals. To increase engagement
and retention, the length of the survey was reduced, and
language was amended for clarity. The responses to these surveys
are displayed in PREVENT; the display was changed to a visual
chart that makes it easier for care team members to track patient
progress. Additionally, the barriers to achieving their goals
reported by the patient are displayed in the tool to help care
team member’s better support their patients.

Our pilot trials were conducted in urban areas but did include
29% rural patients, who received fewer community resources
(n=1.5) than those patients in urban areas (n=5.4). To improve
the functionality of the PREVENT resource map for rural
communities, we made several adaptations based on learnings
from interviews with rural patients and care team members,
direct observation and rapid clinical ethnography of rural clinics,
and informal feedback (Figure 3). For this adaptation, we relied
heavily on input from rural care team members and clinics. To
improve the fit with implementers and their limited clinic time,
we adapted PREVENT to ask patients which resources would be
most helpful to them and use that information to automatically
select five preferred resources within a half-mile radius of their
home. If five resources are not available within a half-mile
radius, it will expand until there are five available resources that
meet the patients’ preferences and needs. We also added a digital
and remote resource library that hosts websites, apps, national
hotlines, etc. to improve fit with rural communities that often do
not have as many local resources.

For both our resource map and digital and remote resource
library, we expanded the resources from only those specific to
physical activity and nutrition to resources that support social
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TABLE 2 Summary table of coded adaptations to the PREVENT tool area of change.

Description of change

Changes during pilot trial implementation

Source

What was changed?

What was
modified?

Potential equity implications

Expansion to adults
(>18 years of age)

Updated cardiovascular health cut points and scoring;
updated behavior change goals and educational
materials

Pilot trial advisory board

increase reach or engagement; improve fit
with recipients; improve effectiveness/
outcomes

content, feature

(+) expand reach to other populations (adults) who may
benefit from PREVENT

Patient centered/
personalization

Ability for care team to edit (toggle goal on/off, add
free text) the goals.

Interviews with users; pilot trial
advisory board

Improve fit with recipients; increase
interaction; increase satisfaction of
implementer; increase satisfaction among
recipient

content, feature

(+) ability to tailor goal to patient needs/preferences and focus
on most achievable or desirable starting place;

(—) potential for provider bias to influence whether patient
receives goal information

feedback during pilot trials

Displayed patient’s motivation to change their physical | Interviews with users Improve fit with recipients content (+) ability to tailor goal to patient needs/preferences and focus
activity and food intake behaviors. on most achievable or desirable starting place;
(—) potential for provider bias to influence whether patient
receives goal information
Patient engagement | Moved activity and diet to the top of the risk profile | Interviews with users; informal increase usability feature (+) De-emphasized focus on body mass index/weight

(previously at the top of the risk profile) to avoid stigma/bias;
(0) potential remains for use of stigmatizing language to
discuss behaviors or weight, but did not increase potential of
bias

Resource support
for rural

Added digital resource repository

Interviews with users; informal
feedback during pilot trials; direct

Improve fit with recipients, To address
cultural factors, Improve effectiveness/

content, feature

(+) increase availability of resources for patients without
reliable transportation; may increase availability of free/low

simultaneous users

informal feedback during pilot
trials

satisfaction of implementer

communities observations of use outcomes cost resources
() access limited for patients with low digital literacy and
those without internet access and/or electronic device
Workflow Defaulted the risk profile to simulation mode; button | Interviews with users; informal increase usability, improve fit with feature (0) Unknown/unlikely impact on equity
improvement to change from simulation mode to patient data mode | feedback during pilot trials; direct | implementers
clarified observations of use
Improve refresh capability to fix issue with direct observations of use; feasibility; increase usability; increase feature (+) increase ability and efficiently for multiple care team

members, including CHWs, to assist/work with the patient

Changes during scale out to rural settings

Alignment with
AHA’s life’s
essential 8

Added to sleep risk profile, updated surveys; changed
risk calculation

American Heart Association
guidance

Improve effectiveness/outcomes

content, feature

(+) Minoritized racial/ethnic groups and low SES populations
have higher prevalence of sleep deficiency; potential to
improve education, awareness about sleep among
marginalized populations

Patient centered/
personalization

Food goals tailored to patient’s current behavior.

Interviews with prospective users;
direct observations of use

improve fit with recipients, improve
effectiveness/outcomes

content

(+) ability to deliver a goal that tailored to the patients current
behaviors to focus on the most achievable or desirable staring
place;

(=) potential for provider bias to influence whether patient
receives goal information

Modifications to patient demographic info (change sex
to sex at birth, add option for gender to include
additional identities beyond m/f)

Direct observation of use;
interviews with prospective users

increase feasibility; improve fit w recipients;
address cultural factors

content, feature

(+) improves ability for provider to address patients in their
preferred way, build rapport/trust;

() potential for provider bias based on gender identity;
potential to offend a patient who does not think gender

identity differs from biological sex

(Continued)
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TABLE 2 Continued

Patient engagement

Description of ¢

Improved prescription (added educational content,
added resource information, enlarged text, updated
graphics)

Source

Interviews with prospetive users;
rapid clinic ethnography

What was changed?

increase usability, retention, improve fit
with recipients

What was
modified?

content

Potential equity implications

(+) improves literacy level of content to make understandable
for all; adds educational information to support those less
knowledgeable about health behaviors and cardiovascular
health; provides more information on resources to support
individuals who may not be able to access the internet or a
computer to look up this information on their own; adds
larger font to reduce difficulty reading smaller font sizes; (—)
content not available in a language other than English; written
material may not be sufficient illiterate populations

Changed follow-up surveys and tracking (chart
organizing survey responses)

Interviews with prospective users;
rapid clinic ethnography; rural
advisory board

retention; increase satisfaction of
implementer

content, feature

(0) Unknown/unlikely impact on equity

Resource support
for rural
communities

Added patient’s preferences for resources to surveys
and automatically select preferred resources within a.5
mile radius of their home. If <5 resources in that area,
then zoom out until at least 5 are selected.

Interviews with prospective users;
direct observations of use

improve fit with implementers; increase
satisfaction of recipients; increase usability

feature

(+) improves awareness of local resources; increases selection
of resources in closest proximity to patient home, which may
improve accessibility for patients with limited/no
transportation

(=) Resource access may not be equitable for patients without
quality, affordable resources nearby and who lack
transportation

Added social needs resources

Interviews with prospective users;
rapid clinic ethnography; rural
advisory board

Improve effectiveness/outcomes, increase
satisfaction of implementer, increase
satisfaction with recipients, improve fit with
implementers, to address cultural factors

content, feature

(+) Minoritized racial/ethnic groups and low SES populations
have higher prevalence social needs that impact their health;
improve efficiency of resource delivery for CHWs by
consolidating and sharing information about resources across
the care team

Added date last updated and a verified check mark for
resources that were manually entered

rapid clinic ethnography; rural
advisory board

Improve feasibility, Improve fit with
recipients; improve fit with implementer;
address cultural factors; increase satisfaction
of implementer

feature

(+) resources in under-resourced settings are frequently
changing, the addition of this feature ensures that patients
receive resources that still exist and fit their needs.

Added detailed information & functionality (cost,
eligibility, criteria, and services provided) for each
resource

Interviews with prospetive users;
informal feedback from pilot trials;
direct observations of use; rapid
clinic ethnography

Improve fit with recipients; to address
cultural factors; increase satisfaction of
implementer; increase satisfaction of
recipients; improve fit with implementers

content, feature

(+) improves ability to refer lower-income patients to useful
and feasible resources

(+) represents the adaptation being a positive equity implication, (—) represents the adaptation being a negative equity implication and (0) represents uknown/unlikely impact on equity.
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FIGURE 2

Side by side of risk profile. The post-adaptation risk profile uses the AHA's Life's Essential 8, which added sleep and updated the scoring. Physical
activity and food intake were moved to the top as the focus of the PREVENT intervention.

needs more broadly, including clothing and household items,
education, employment, housing and utilities, income support,
individual and family support, and transportation resources. We
also adapted the information that was provided for each resource
to include cost, eligibility criteria, and services provided. This
allowed us to include a feature in the tool that allows users to
filter resources to find those that are free of charge. As available
resources are constantly changing, especially in rural
communities (39), the tool allows care team members to
manually update resources. We added the date the resource was
last updated and a verified check mark that displays on the map
for resources that were manually entered. Community health
workers in rural clinics were key drivers of these changes, as they
felt this would increase their trust in the tool and allow them to
share resources more easily across their network of community
health workers.

Interviews with care team members who implemented
PREVENT and direct observations during pilot trials elucidated
changes that could be made to PREVENT to improve its fit with
the care team members and clinic workflow. The risk profile allows

care team members to move slider bars to interactively show how
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changes in their cardiovascular health factors (e.g., physical activity,
food intake, BMI) impact their overall cardiovascular health. So that
providers do not mistakenly change the patient’s data, the tool was
adapted to default to a simulation mode. To change the patients’
cardiovascular health data, the provider is now able to toggle to a
patient data mode. In our pilot trials, multiple care team members
delivered PREVENT to patients. Updates were made to the refresh
capability to allow for real-time updates between simultaneous users
of a single patient profile. These changes will increase the feasibility
of using PREVENT as a team, usability, and satisfaction of care
team members (implementers).

3.1 Potential equity implications of
adaptations to the PREVENT tool

Expanding the tool for patients 18+ years of age increases the
reach of potential benefits to all populations. Updating to align
with the AHA’s Life’s Essential 8 adds sleep behaviors to the tool
which to address this
minoritized racial/ethnic groups and low-SES populations who

allows providers behavior among
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Side by side of research map. The post-adaptation resource map was expanded to resources that support social needs more broadly. The post
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have higher prevalence of sleep deficiency. Several adaptations (i.e.,
ability for care team to edit the goal, displaying patient’s motivation
to change their behaviors, automated tailoring of food goals to
patient’s current behavior) improve the ability of providers to
tailor goals for physical activity and healthy food intake to meet
the needs and preferences of the patients. However, this leaves
room for providers to bias the goals they received (e.g., not
delivering goals based on the belief a patient cannot achieve it).
The tool now includes patient’s gender identity to allow
providers to use patient-centered language which may improve
rapport/trust. However, this information could potentially allow
providers to have biases related to gender identity toward that
patient. Furthermore, some patients may be offended when asked
about their gender identity. All content delivered to the patient
was improved by increasing font size to accommodate all readers,
ensuring the literacy level was understandable for patients,
adding educational materials for those less knowledgeable about
health behaviors and cardiovascular health and including more
information on resources for patients who are not able to access
the internet to look up information on their own. To reduce bias
and decrease the focus on weight, BMI was moved from the top
of the risk profile and replaced by physical activity and food
intake behaviors to further emphasize their importance.
Adaptations to resources will increase the resource allocation
and equitable availability for all patients, regardless of their
they
disproportionate among historically marginalized populations,

ability to pay and where live. Social needs are
including rural communities, and have an impact on patients’
health behaviors and outcomes (6-12). The addition of social

needs resources aligns with the Chronic Care Model (13, 40-42),
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which recognizes that quality care for obesity should connect
patients with health-promoting resources, such as healthy
lifestyle programs, social services, and food resources, to generate
meaningful and equitable change across populations and
especially in rural communities that face unique barriers
(13, 43-46). The tool automatically identifies preferred resources
that are close to the patient’s home (when available) to increase
access, particularly for those without reliable transportation (47).
Some communities, particularly rural areas, have fewer resources
available which may limit the ability to deliver resources close by
ultimately, reducing the fidelity of the intervention to these
patients. However, the care team may tailor resource delivery to
provide those near their workplace, school or other commonly
visited areas to improve access. Additionally, the digital resource
library was expanded to provide more options for those with
limited access to resources. Digital resources may also increase
access to free or low-cost resources and do not require travel.
While digital resources may benefit some patients, those without
internet access or with low digital literacy may not be able to
benefit from these offerings. The centralized source of resources
that can be shared across the care team may increase the
efficiency of care team members (e.g, community health
workers, CHWs) in delivering resources, ultimately expanding
their ability to reach a larger number of patients.

4 Discussion

Our study engaged end-users to adapt the PREVENT digital
health tool to integrate social needs resources to improve health
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behavior counseling for rural adults with overweight and obesity.
With intentional consideration of unique needs of rural
communities. Adaptations were informed by learnings from
two pilot feasibility trials and a planning grant that used
with
observations, advisory boards, and engagement with rural

interviews care teams and patients, direct clinic
community organizations. Engaging partners to proactively
adapt our digital health tool was critical to meet the unique
needs of adult patients and clinical care settings in the rural
context and increase the likelihood of generating the intended
impact among rural, low income, adult patients. Based on
included

information about resource costs, eligibility for using the

feedback from partners and future users, we
resource, and options for obtaining financial assistance. It’s
important to note that the tool does not create new resources;
instead, it was designed to work within existing resource
capacities, with a deliberate focus on cost and affordability as
key factors in access. This project was in preparation for a
clinic-randomized trial of the PREVENT tool in rural federally
qualified health centers to examine the implementation and
effectiveness on the quality of health behavior counseling,
patient behaviors and their cardiovascular health outcomes.
Utilizing the FRAME systematic tracking process supported
the intentionality and transparency of adaptations, ensured
adaptations were supportive of equitable care and outcomes for
patients, and prepared us for future implementation. Future
testing will allow us to understand how and to what degree the
adaptation affected implementation and the effectiveness of our
tool (26, 27). Our study is one of the few studies to engage
users and systematically track adaptations to a digital health
(48). Our study provides
modifications to FRAME that not only may allow better

intervention additions and
tracking for adaptation of digital health tools, specifically, but

also may provide tracking of end-user participation in
adaptations and equity implications of adaptations that may be
useful for a variety of intervention types and settings. Further
testing of these changes may be necessary to ensure that
modification for digital health is comprehensive and clear for
future use in digital health adaptation tracking.

The adapted PREVENT tool expands reach to all patients,
aligns with evidence-based AHA guidance and increases the
patient-centeredness, patient engagement, and alignment with
workflow. Using a patient-centered and patient-engaged
approach to behavior counseling aligns with the Chronic Care
Model for obesity care (43). Health behavior counseling can be
of poor quality and has shown mixed effectiveness due to
educational barriers and lack of resources. Information about
patients’ current behaviors and challenges they face in their
environment is not assessed routinely or communicated
meaningfully (e.g., using visualization) to healthcare teams to
tailor discussions (49-52). An informed, activated patient is vital
in the Chronic Care Model; engaging patients in their care
supports patient autonomy and self-determination, promotes
confidence and trust in the clinician-patient relationship, and
improves satisfaction with care (43, 53, 54). Adaptations to our

tool also support the inclusion of multiple healthcare team
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members (e.g, CHWs) and

community resources to address patients’ social needs and

to engage patients integrate
improve care quality (13, 55). This partnering approach is more
likely to result in behavior change by eliciting the patient
perspective, addressing unmet social needs that hinder ability to
adopt cardiovascular health behavior changes, adapting to
resistance, and increasing motivation for tailored goals (22).

While this study had many strengths of engaging diverse
implementers and partners using a variety of methods, our
limited sample size may limit generalizability. We acknowledge
while adaptations were made to fit the context of rural southeast
Missouri and our clinical partner, these adaptations may not be
generalizable to all rural communities and federally qualified
health centers. For example, our clinical partners have resources
such as an electronic health record system and CHWs embedded
in their clinics that may not be present in all clinical care
settings. While adaptations were made to improve the reach to
all rural patients regardless of access to internet, changes may
not completely overcome the structural challenges of limited and
unreliable broadband access for some patients. Testing will need
to examine whether the fidelity and effectiveness of the
intervention is maintained for rural patients without internet
access. It is important to note that while the coding of potential
equity implications was conducted in a systematic group process,
informed by conceptual underpinnings from the health equity
literature, the ratings are subjective. We did not measure these
equity impacts in our previous trials of PREVENT. The purpose
of this coding is to generate hypotheses about equity implications
and specific indicators that we can evaluate and report on in
future trials.

Design considerations in which the needs of the end user are
central to the intervention development have been suggested to
increase the relevance and effectiveness of digital interventions as
well as other types of interventions. This study used multiple
user-focused methodologies to improve the fit of the PREVENT
tool for rural communities and clinics. The PREVENT tool has
the potential to improve the quality of health behavior
counseling and promote behavior change to reduce obesity and
CVD risk among a high-risk population. Future researchers
undertaking adaptation work should be aware of tools like
Design for Dissemination (D4D), which facilitate collaboration
with partners and help track decisions being made. Ongoing and
future trials will seek to test the implementation and effectiveness
of the PREVENT
adaptation needs for specific settings and patient populations.

intervention, and determine additional
This paper offers an approach and coding tool other teams can
use to document and report adaptations made to digital health
tools to improve the specificity of adaptation tracking and
transparency of reporting.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fdgth.2025.1493814
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

Kepper et al.

Author contributions

MK: Writing - original draft, Writing - review & editing.
CW-B: Writing - original draft, Writing - review & editing. LP:
Writing original draft, Writing editing.
AM: Writing - original draft, Writing - review & editing. LK:
Writing original draft, Writing editing.
PA: Writing - original draft, Writing - review & editing. KD:
draft,
RF: Writing - original draft, Writing - review & editing. RB:

review &

review &

Writing - original Writing - review & editing.

Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Center for
Dissemination and Implementation, Institute for Public Health at
Washington University in St. Louis, the Centers for Disease
Control and Prevention U48DP006395; National Heart, Lung,
and Blood Institute (NHLBI) KI12HL137942, KO01HL167993;
American Cancer Society GR0018106.

References

1. Harrington RA, Califf RM, Balamurugan A, Brown N, Benjamin RM, Braund
WE, et al. Call to action: rural health: a presidential advisory from the American
Heart Association and American stroke association. Circulation. (2020) 141(10):
e615-e44. doi: 10.1161/CIR.0000000000000753

2. Singh GK, Daus GP, Allender M, Ramey CT, Martin EK, Perry C, et al. Social
determinants of health in the United States: addressing major health inequality
trends for the nation, 1935-2016. Int ] MCH AIDS. (2017) 6(2):139-64. doi: 10.
21106/ijma.236

3. Association AH. Deaths from cardiovascular disease increased among younger
U.S adults in rural areas. American Heart Association Scientific Sessions 2024,
Abstract Poster MDP1058 (2024). Available online at: https://newsroom.heart.org/
news/deaths-from-cardiovascular-disease-increased-among-younger-u-s-adults-in-
rural-areas#:~:text=Research%20Highlights%3A,older%20living%20in%20urban%
20areas

4. Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE,
et al. Life’s essential 8: updating and enhancing the American Heart Association’s
construct of cardiovascular health: a presidential advisory from the American Heart
Association. Circulation. (2022) 146(5):e18-43. doi: 10.1161/CIR.0000000000001078

5. Artinian NT, Fletcher GF, Mozaffarian D, Kris-Etherton P, Horn LV, Lichtenstein
AH, et al. Interventions to promote physical activity and dietary lifestyle changes for
cardiovascular risk factor reduction in adults. Circulation. (2010) 122(4):406-41.
doi: 10.1161/CIR.0b013e3181e8edf1

6. Shay CM, Gooding HS, Murillo R, Foraker R. Understanding and improving
cardiovascular health: an update on the American Heart Association’s concept of
cardiovascular health. Prog Cardiovasc Dis. (2015) 58(1):41-9. doi: 10.1016/j.pcad.
2015.05.003

7. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel L], Van Horn L,
et al. Defining and setting national goals for cardiovascular health promotion
and disease reduction. Circulation. (2010) 121(4):586-613. doi: 10.1161/
CIRCULATIONAHA.109.192703

8. Folsom A, Yatsuya H, Nettleton J, Lutsey P, Cushman M, Rosamond W.
Community prevalence of ideal cardiovascular health, by the American Heart
Association definition, and relationship with cardiovascular disease incidence. J Am
Coll Cardiol. (2011) 57:1690-6. doi: 10.1016/j.jacc.2010.11.041

9. Shay CM, Ning H, Allen NB, Carnethon MR, Chiuve SE, Greenlund KJ, et al.
Status of cardiovascular health in US adults. Circulation. (2012) 125(1):45-56.
doi: 10.1161/CIRCULATIONAHA.111.035733

10. Reeves MJ, Rafferty AP. Healthy lifestyle characteristics among adults in the
United States, 2000. Arch Intern Med. (2005) 165(8):854-7. doi: 10.1001/archinte.
165.8.854

Frontiers in Digital Health

1

10.3389/fdgth.2025.1493814

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fdgth.2025.
1493814/full#supplementary-material

11. Wolfson JA, Leung CW. Food insecurity and COVID-19: disparities in early
effects for US adults. Nutrients. (2020) 12(6):1648. doi: 10.3390/nul2061648

12. Whitfield GP, Carlson SA, Ussery EN, Fulton JE, Galuska DA, Petersen R.
Trends in meeting physical activity guidelines among urban and rural dwelling
adults - United States, 2008-2017. MMWR Morb Mortal Wkly Rep. (2019)
68(23):513-8. doi: 10.15585/mmwr.mm6823al

13. Dietz WH, Solomon LS, Pronk N, Ziegenhorn SK, Standish M, Longjohn MM,
et al. An integrated framework for the prevention and treatment of obesity and its
related chronic diseases. Health Aff. (2015) 34(9):1456-63. doi: 10.1377/hlthaff.2015.
0371

14. Andermann A, Collaboration C. Taking action on the social determinants of
health in clinical practice: a framework for health professionals. CMAJ. (2016)
188(17-18):E474-E83. doi: 10.1503/cmaj.160177

15. Sallis JF, Glanz K. Physical activity and food environments: solutions to the obesity
epidemic. Milbank Q. (2009) 87(1):123-54. doi: 10.1111/j.1468-0009.2009.00550.x

16. Walker RE, Keane CR, Burke JG. Disparities and access to healthy food in the
United States: a review of food deserts literature. Health Place. (2010) 16(5):876-84.
doi: 10.1016/j.healthplace.2010.04.013

17. prevention CfDCa. Socioeconomic Factors (2023). Available online at: https://
www.cdc.gov/dhdsp/health_equity/socioeconomic.htm (Accessed October 01, 2024).

18. Lobelo F, Muth ND, Hanson S, Nemeth BA. Physical activity assessment and
counseling in pediatric clinical settings. Pediatrics. (2020) 145(3):€20193992. doi: 10.
1542/peds.2019-3992

19. Vogels E. Some digital divides persist between rural, urban and suburban
America (2021). Available online at: https://www.pewresearch.org/short-reads/2021/
08/19/some-digital-divides-persist-between-rural-urban-and-suburban-america/
(Accessed October 01, 2024).

20. Weightman M. Digital psychotherapy as an effective and timely treatment option
for depression and anxiety disorders: implications for rural and remote practice. J Int
Med Res. (2020) 48(6):300060520928686. doi: 10.1177/0300060520928686

21. Yin Z, Errisuriz VL, Evans M, Inupakutika D, Kaghyan S, Li S, et al. A digital
health intervention for weight management for Latino families living in rural
communities: perspectives and lessons learned during development. JMIR Form Res.
(2020) 4(8):€20679. doi: 10.2196/20679

22. Kepper MM, Walsh-Bailey C, Brownson RC, Kwan BM, Morrato EH, Garbutt J,
et al. Development of a health information technology tool for behavior change to
address obesity and prevent chronic disease among adolescents: designing for
dissemination and sustainment using the ORBIT model. Front Digital Health.
(2021) 3. doi: 10.3389/fdgth.2021.648777

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fdgth.2025.1493814/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fdgth.2025.1493814/full#supplementary-material
https://doi.org/10.1161/CIR.0000000000000753
https://doi.org/10.21106/ijma.236
https://doi.org/10.21106/ijma.236
https://newsroom.heart.org/news/deaths-from-cardiovascular-disease-increased-among-younger-u-s-adults-in-rural-areas#:~:text=Research%20Highlights%3A,older%20living%20in%20urban%20areas
https://newsroom.heart.org/news/deaths-from-cardiovascular-disease-increased-among-younger-u-s-adults-in-rural-areas#:~:text=Research%20Highlights%3A,older%20living%20in%20urban%20areas
https://newsroom.heart.org/news/deaths-from-cardiovascular-disease-increased-among-younger-u-s-adults-in-rural-areas#:~:text=Research%20Highlights%3A,older%20living%20in%20urban%20areas
https://newsroom.heart.org/news/deaths-from-cardiovascular-disease-increased-among-younger-u-s-adults-in-rural-areas#:~:text=Research%20Highlights%3A,older%20living%20in%20urban%20areas
https://doi.org/10.1161/CIR.0000000000001078
https://doi.org/10.1161/CIR.0b013e3181e8edf1
https://doi.org/10.1016/j.pcad.2015.05.003
https://doi.org/10.1016/j.pcad.2015.05.003
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1016/j.jacc.2010.11.041
https://doi.org/10.1161/CIRCULATIONAHA.111.035733
https://doi.org/10.1001/archinte.165.8.854
https://doi.org/10.1001/archinte.165.8.854
https://doi.org/10.3390/nu12061648
https://doi.org/10.15585/mmwr.mm6823a1
https://doi.org/10.1377/hlthaff.2015.0371
https://doi.org/10.1377/hlthaff.2015.0371
https://doi.org/10.1503/cmaj.160177
https://doi.org/10.1111/j.1468-�0009.2009.00550.x
https://doi.org/10.1016/j.healthplace.2010.04.013
https://www.cdc.gov/dhdsp/health_equity/socioeconomic.htm
https://www.cdc.gov/dhdsp/health_equity/socioeconomic.htm
https://doi.org/10.1542/peds.2019-�3992
https://doi.org/10.1542/peds.2019-�3992
https://www.pewresearch.org/short-reads/2021/08/19/some-digital-divides-persist-between-rural-urban-and-suburban-america/
https://www.pewresearch.org/short-reads/2021/08/19/some-digital-divides-persist-between-rural-urban-and-suburban-america/
https://doi.org/10.1177/0300060520928686
https://doi.org/10.2196/20679
https://doi.org/10.3389/fdgth.2021.648777
https://doi.org/10.3389/fdgth.2025.1493814
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

Kepper et al.

23. Kepper M, Walsh-Bailey C, Miller ZM, Zhao M, Zucker K, Gacad A, et al. The
impact of behavior change counseling delivered via a digital health tool versus routine
care among adolescents with obesity: pilot randomized feasibility study. JMIR Form
Res. (2024) 8:¢55731. doi: 10.2196/55731

24. Kepper MM, Walsh-Bailey C, Zhao M, Parrish L, Miller ZM, Glasgow RE, et al.
Satisfaction and effectiveness of a digital health tool to improve health behavior
counseling among adolescent and young adult cancer survivors: a randomized
controlled pilot trial. BMC Digital Health. (2024) 2(1):10. doi: 10.1186/
544247-024-00064-1

25. Stirman SW, Miller CJ, Toder K, Calloway A. Development of a framework and
coding system for modifications and adaptations of evidence-based interventions.
Implement Sci. (2013) 8(1):65. doi: 10.1186/1748-5908-8-65

26. Wiltsey Stirman S, Baumann AA, Miller CJ. The FRAME: an expanded
framework for reporting adaptations and modifications to evidence-based
interventions. Implement Sci. (2019) 14(1):58. doi: 10.1186/s13012-019-0898-y

27. Miller CJ, Barnett ML, Baumann AA, Gutner CA, Wiltsey-Stirman S. The
FRAME-IS: a framework for documenting modifications to implementation strategies
in healthcare. Implement Sci. (2021) 16(1):36. doi: 10.1186/s13012-021-01105-3

28. Treichler EBH, Mercado R, Oakes D, Perivoliotis D, Gallegos-Rodriguez Y, Sosa
E, et al. Using a stakeholder-engaged, iterative, and systematic approach to adapting
collaborative decision skills training for implementation in VA psychosocial
rehabilitation and recovery centers. BMC Health Serv Res. (2022) 22(1):1543.
doi: 10.1186/s12913-022-08833-2

29. Almond H, Cummings E, Turner P. Recommendations for enhancing the
implementation and utility of shared digital health records in rural Australian
communities. Stud Health Technol Inform. (2018) 252:15-20. doi: 10.3233/978-1-
61499-890-7-15

30. Fort MP, Paniagua-Avila A, Beratarrechea A, Cardona S, Figueroa JC, Martinez-
Folgar K, et al. Stakeholder engagement in the translation of a hypertension control
program to Guatemala’s public primary health care system: lessons learned, challenges,
and opportunities. Glob Heart. (2019) 14(2):155-63. doi: 10.1016/j.gheart.2019.05.005

31. Morgan D, Kosteniuk J, O’Connell ME, Stewart NJ, Kirk A, Cammer A, et al. A
stakeholder engagement strategy for an ongoing research program in rural dementia
care: stakeholder and researcher perspectives. PLoS One. (2022) 17(9):e0274769.
doi: 10.1371/journal.pone.0274769

32. Kepper MM, Fowler LA, Kusters IS, Davis JW, Baqger M, Sagui-Henson S, et al.
Expanding a behavioral view on digital health access: drivers and strategies to promote
equity. ] Med Internet Res. (2024) 26:e51355. doi: 10.2196/51355

33. Palinkas LA, Zatzick D. Rapid assessment procedure informed clinical
ethnography (RAPICE) in pragmatic clinical trials of mental health services
implementation: methods and applied case study. Adm Policy Ment Health. (2019)
46(2):255-70. doi: 10.1007/s10488-018-0909-3

34. Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis. Wual
Health Res. (2005) 15(9):1277-88. doi: 10.1177/1049732305276687

35. Saldana J. The Coding Manual for Qualitative Researchers. 4th ed Thousand
Oaks: SAGE (2021).

36. Cerwinske LA, Rasmussen HE, Lipson S, Volgman AS, Tangney CC. Evaluation
of a dietary screener: the Mediterranean eating pattern for Americans tool. ] Hum
Nutr Diet. (2017) 30(5):596-603. doi: 10.1111/jhn.12451

37. Patel NP, Grandner MA, Xie D, Branas CC, Gooneratne N. “Sleep disparity” in
the population: poor sleep quality is strongly associated with poverty and ethnicity.
BMC Public Health. (2010) 10(1):475. doi: 10.1186/1471-2458-10-475

38. Caraballo C, Mahajan S, Valero-Elizondo ], Massey D, Lu Y, Roy B, et al.
Evaluation of temporal trends in racial and ethnic disparities in sleep duration

Frontiers in Digital Health

12

10.3389/fdgth.2025.1493814

among US adults, 2004-2018. JAMA Network Open. (2022) 5(4):¢226385. doi: 10.
1001/jamanetworkopen.2022.6385

39. Kreuter MW, Thompson T, McQueen A, Garg R. Addressing social needs in
health care settings: evidence, challenges, and opportunities for public health. Annu
Rev Public Health. (2021) 42:329-44. doi: 10.1146/annurev-publhealth-090419-102204

40. Fitzpatrick SL, Wischenka D, Appelhans BM, Pbert L, Wang M, Wilson DK,
et al. An evidence-based guide for obesity treatment in primary care. Am | Med.
(2016) 129(1):115.e1-7. doi: 10.1016/j.amjmed.2015.07.015

41. Cunningham KB, Rogowsky RH, Carstairs SA, Sullivan F, Ozakinci G. Methods
of connecting primary care patients with community-based physical activity
opportunities: a realist scoping review. Health Soc Care Community. (2021)
29(4):1169-99. doi: 10.1111/hsc.13186

42. Administration HRS. HRSA Strategic Plan 2019-2022 (2019). Available online
at: https://www.hrsa.gov/about/strategic-plan/index.html (Accessed November 01,
2024).

43. Bodenheimer T, Wagner EH, Grumbach K. Improving primary care for patients
with chronic illness. JAMA. (2002) 288(14):1775-9. doi: 10.1001/jama.288.14.1775

44. Khoury MJ. A population perspective on how personalized medicine can
improve health. Am ] Prev Med. (2012) 42(6):639-45. doi: 10.1016/j.amepre.2012.
02.012

45. Davidson KW, Krist AH, Tseng C-W, Simon M, Doubeni CA, Kemper AR, et al.
Incorporation of social risk in US preventive services task force recommendations and
identification of key challenges for primary care. JAMA. (2021) 14:1410-5. doi: 10.
1001/jama.2021.12833

46. Butler SM. What is the outlook for addressing social determinants of health?
JAMA Health Forum. (2021) 2(9):€213639. doi: 10.1001/jamahealthforum.2021.3639

47. Syed ST, Gerber BS, Sharp LK. Traveling towards disease: transportation barriers
to health care access. ] Community Health. (2013) 38(5):976-93. doi: 10.1007/
s10900-013-9681-1

48. Fabian KE, Foster KT, Chwastiak L, Turner M, Wagenaar BH. Adapting a
transdiagnostic digital mental health intervention for use among immigrant and
refugee youth in Seattle: a human-centered design approach. Transl Behav Med.
(2023) 13(11):867-75. doi: 10.1093/tbm/ibad041

49. Lobelo F, Rohm Young D, Sallis R, Garber MD, Billinger SA, Duperly J, et al.
Routine assessment and promotion of physical activity in healthcare settings: a
scientific statement from the American Heart Association. Circulation. (2018)
137(18):e495-522. doi: 10.1161/CIR.0000000000000559

50. Lianov L, Johnson M. Physician competencies for prescribing lifestyle medicine.
JAMA. (2010) 304(2):202-3. doi: 10.1001/jama.2010.903

51. Eakin EG, Smith BJ, Bauman AE. Evaluating the population health impact of
physical activity interventions in primary care—are we asking the right questions?
J Phys Act Health. (2005) 2(2):197-215. doi: 10.1123/jpah.2.2.197

52. Aspy CB, Mold JW, Thompson DM, Blondell RD, Landers PS, Reilly KE, et al.
Integrating screening and interventions for unhealthy behaviors into primary care
practices. Am ] Prev Med. (2008) 35(5):5373-S80. doi: 10.1016/j.amepre.2008.08.015

53. Krist AH, Tong ST, Aycock RA, Longo DR. Engaging patients in decision-
making and behavior change to promote prevention. Stud Health Technol Inform.
(2017) 240:284-302. doi: 10.3233/978-1-61499-790-0-284

54. Bodenheimer T, Wagner EH, Grumbach K. Improving primary care for patients
with chronic illness: the chronic care model, part 2. JAMA. (2002) 288(15):1909-14.
doi: 10.1001/jama.288.15.1909

55. Coleman K, Austin BT, Brach C, Wagner EH. Evidence on the chronic care model
in the new millennium. Health Aff. (2009) 28(1):75-85. doi: 10.1377/hlthaff.28.1.75

frontiersin.org


https://doi.org/10.2196/55731
https://doi.org/10.1186/s44247-�024-�00064-�1
https://doi.org/10.1186/s44247-�024-�00064-�1
https://doi.org/10.1186/1748-�5908-�8-�65
https://doi.org/10.1186/s13012-�019-�0898-�y
https://doi.org/10.1186/s13012-�021-�01105-�3
https://doi.org/10.1186/s12913-�022-�08833-�2
https://doi.org/10.3233/978-1-61499-890-7-15
https://doi.org/10.3233/978-1-61499-890-7-15
https://doi.org/10.1016/j.gheart.2019.05.005
https://doi.org/10.1371/journal.pone.0274769
https://doi.org/10.2196/51355
https://doi.org/10.1007/s10488-�018-�0909-�3
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1111/jhn.12451
https://doi.org/10.1186/1471-�2458-�10-�475
https://doi.org/10.1001/jamanetworkopen.2022.6385
https://doi.org/10.1001/jamanetworkopen.2022.6385
https://doi.org/10.1146/annurev-publhealth-090419-�102204
https://doi.org/10.1016/j.amjmed.2015.07.015
https://doi.org/10.1111/hsc.13186
https://www.hrsa.gov/about/strategic-plan/index.html
https://doi.org/10.1001/jama.288.14.1775
https://doi.org/10.1016/j.amepre.2012.02.012
https://doi.org/10.1016/j.amepre.2012.02.012
https://doi.org/10.1001/jama.2021.12833
https://doi.org/10.1001/jama.2021.12833
https://doi.org/10.1001/jamahealthforum.2021.3639
https://doi.org/10.1007/s10900-�013-�9681-�1
https://doi.org/10.1007/s10900-�013-�9681-�1
https://doi.org/10.1093/tbm/ibad041
https://doi.org/10.1161/CIR.0000000000000559
https://doi.org/10.1001/jama.2010.903
https://doi.org/10.1123/jpah.2.2.197
https://doi.org/10.1016/j.amepre.2008.08.015
https://doi.org/10.3233/978-1-61499-790-0-284
https://doi.org/10.1001/jama.288.15.1909
https://doi.org/10.1377/hlthaff.28.1.75
https://doi.org/10.3389/fdgth.2025.1493814
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

	Adaptation of a digital health intervention for rural adults: application of the Framework for Reporting Adaptations and Modifications-Enhanced
	Introduction
	Materials and methods
	PREVENT tool
	PREVENT trials and adaptation data sources
	PREVENT adaptation coding
	Codebook development
	Coding


	Results
	Potential equity implications of adaptations to the PREVENT tool

	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


