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Abstract

Mobile health (mHealth) apps can be an evidence-based approach to improve health behavior and outcomes. Prior literature has
highlighted the need for more research on mHealth personalization, including in diabetes and pregnancy. Critical gaps exist on
the impact of personalization of mHealth apps on patient engagement, and in turn, health behaviors and outcomes. Evidence
regarding how personalization, engagement, and health outcomes could be aligned when designing mHealth for underserved
populationsis much needed, given the historical oversightswith mHealth design in these populations. Thisviewpoint is motivated
by our experience from designing a personalized mHealth solution focused on Medicaid-enrolled pregnant individuals with
uncontrolled type 2 diabetes, many of whom also experience ahigh burden of social needs. We describe fundamental components
of designing mHealth solutions that are both inclusive and personalized, forming the basis of an evidence-based framework for
future mHealth design in other disease states with similar contexts.
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: to care regimens, and patient self-management and behavior
Introduction modifications for various chronic conditions, including type 2
Mobile heath (mHealth) apps have the potential to be an  diabetes (T2D), asthma, obesity, and hypertension [1-3]. A
evidence-based approach to improve hedth behavior and recent systematic review of mHealth usefor diabetes (both type
outcomes. Some research studies have demonstrated that 1 digbetes and T2D) and obesity concluded that mHealth had

mHeal th can improve health care accessand delivery, adherence & beneficial effect on outcomes, including hemoglobin A
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(HbA ) reduction (-0.3% to —0.5%). The review, however,

noted that personalizing different components of mHealth to
end users was particularly an unaddressed need [4].

An app, for example, can personalize educational content to a
patient based on their clinical severity, lifestyle preferences,
and socia needs (eg, safe housing). Personalization can be
abstractly defined asa" process which changesthe functionality,
interface, content, or distinctiveness of a system to increase its
personal relevance” [5]. Prior research and theoretical
frameworks have emphasized that personalization is an
important determinant of engagement, which in turn is a
determinant of health outcomes [6-8]. We define engagement
in the context of this paper as patient interaction and behavior
with a mHealth app and their care, including actions such as
time spent with the app and using information from the app to
communicate with care team members.

There are important theoretical and practical knowledge gaps
existing in thelink among mHealth personalization, engagement,
and health outcomes for pregnant individuas living with
diabetes. Evidence gaps exist in how these 3 areas could be
aligned when designing mHealth apps for populations that
experience significant adverse social determinants of health
(SDoH) burden, including Medicaid-insured pregnant
individuals with poor glycemic control [9,10]. In the spirit of
Eyleset a [11], our paper collectively integrates various aspects
of user-centered design (UCD) in mHealth tools that have been
previously studied in silos. We use our ACHIEVE (successfully
achieving and maintaining euglycemia during pregnancy for
type 2 diabetes through technology and coaching) solution as
the basis to address these knowledge gaps by proposing an
evidence-based framework for designing mHealth apps that is
both inclusive and personalized. This framework demonstrates
how the design, implementation, and evaluation of such tools,
driven by the principles of UCD, can be collectively undertaken
for any digital health tool.

The ACHIEVE solution focuses on the development of a
mHealth solution to improve glycemic control for
Medicaid-eligible pregnant individual swith uncontrolled T2D.
Briefly, our ACHIEVE solution is a multicomponent system,
including a mHealth app, provider dashboard, continuous
glucose monitoring (CGM), and care team coaching for medical
and social needs[12]. Thissolution empowersMedicaid-eligible
pregnant individuals with T2D to achieve glycemic contral,
improve access to care, and acquire patient education and
support. Each subcomponent of the proposed solution is
grounded in Socia Cognitive Theory, and emphasizes an
individual’s skills, knowledge, beliefs, and self-efficacy to
achieve glycemic control [13,14]. Current mHeath apps
designed for individualswith T2D outside of pregnancy perform
well on education and information functions, but poorly on
engagement [4,15]. Few existing apps in both pregnancy and
diabetes provide comprehensive evidence-based educational
content, tracking tools, UCD, and integration with electronic
health records or CGM data to support care team monitoring
[15,16].

The novelty of our approach with the ACHIEVE mHealth
solution addresses 2 specific areas. personalization with a
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clinically high-risk population and closing digital health
inequities that exist among specific underserved populations,
such as pregnant individuals who experience a high burden of
unmet social needs. Our experiences with designing a
personalized mHealth solution with a diverse high-risk patient
population could be adapted to similar popul ations and contexts.
Based on our approach, we describe individual components of
designing mHealth solutions that form the basis of an
evidence-based framework for future mHealth apps that are
both inclusive and personalized. We first provide background
information on the ACHIEVE solution and then describe its
components within the context of the study population.

Background

Pregnancy With T2D

Poorly controlled T2D increases the risk of adverse pregnancy
outcomes for the mother and the infant, including severe
maternal morbidity, fetal growth abnormalities, preeclampsia,
preterm birth, and neonatal intensive care unit admission
[17-20]. Glycemic control decreases the risk of these
complications[17-19]. Theincreasing insulin resistance during
pregnancy in addition to experiencing a high burden of socia
needs (eg, inadequate transportation, food insecurity, and lack
of access to quality health) care make it difficult to maintain
glycemic control in pregnancy [20]. Medicai d-insured pregnant
individuals with T2D are less likely to access preconception
care and have worse glycemic control as measured by HbA
and hence, are more likely to experience adverse pregnancy
outcomes [21]. The clinical management of T2D in pregnancy
includes strict and maintained pharmacotherapy and lifestyle
changes to maintain glycemic control [22]. Medicaid-insured
pregnant individuals with T2D experience significant barriers
to successful diabetes management, including self-monitoring
of blood glucose (SMBG), frequent changes in insulin dosing,
inadequate resources to adhere to prescribed treatment plans,
and a high burden of unmet social needs [23-25]. Disparities
arising from these challenges manifest through inadequate
glycemic control, lack of attendance at prenatal visits,
insufficient engagement with care plans, and treatment
nonadherence [26,27].

Multimodal Data I ntegration for Pregnant I ndividuals
Who Have Social Needs and Are Living With T2D
With Poor Glycemic Control

Patient-reported outcomes (PROs) that capture both physical
and psychological symptoms can support the delivery of more
patient-centered care [28]. The collection of PROs allows for
ecological momentary assessment, which facilitates repeated
assessments of patients[29,30]. Our prior research hasindicated
that most patients in our study population do not adequately
and accurately complete their glucose logs based on SMBG
[12]. Integration of PROs into prenatal care delivery has the
potential to improve glycemic control for Medicaid-eligible
pregnant individuals with T2D [31]. Such an approach can
elucidate problems in achieving and maintaining glycemic
control, allow for monitoring T2D self-care, improve
patient-care team communication, and enable successful T2D
self-management. Many of these tasks can be seamlessly
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performed by a CGM device that can be linked to a mHealth
app and provider dashboard. Advances in CGM can better
characterize the glycemic response of pregnant individualswith
T2D by identifying individualized glycemic patterns [32,33].

T2D in pregnancy disproportionately affects Medicaid-eligible
individuals who are more likely to experience a high burden of
socia needs [34]. Outside of pregnancy, individuals with T2D
who experience more social needs are at higher risk of
complications resulting from inadequate glycemic control
[35,36]. T2D management in pregnancy isexpensive, with >US
$7000 in excess pregnancy-related costs alone [37]. Over 40%
of pregnant individuals in the United States receive prenatal
care through public health insurance such as Medicaid [ 38,39].
Early and maintained prenatal care improves pregnancy
outcomesfor T2D [40]. Medicaid-eligible pregnant individuals
encounter multiple barriers including unmet social needs that
preclude timely diabetes and prenatal care [24,41]. Based on
the determinants of health model, clinical care alone for this
high-risk population is not sufficient, given the extent to which
socia needsinfluence health outcomes[42]. Social needs, such
as food security, adequate housing, a safe environment, and
access to health care, influence health outcomes and glycemic
control [19]. When social needs are not met, T2D management
becomesincreasingly difficult [36,43].

An Integrated mHealth Solution for M edicaid-Eligible
Pregnant Individuals With T2D That IsInclusive and
Per sonalized

mHealth can be used as part of a multicomponent solution to
achieve glycemic control for Medicaid-eligible pregnant
individualswith T2D and poor glycemic control. Mobile phone
ownership exceeds 90% among reproductive-age
Medicaid-enrolled women [44]. mHealth apps can improve
timely care delivery, tailor patient education and support, and
provide convenient communication between the patient and
care team [45]. Pregnant individuals are interested in engaging
in alternative prenatal care models[46], which can reduceracial
and ethnic disparitiesin pregnancy outcomes[41]. In addition,
a linked provider dashboard can facilitate regular contact
between patients and providers and improve patient outcomes
[47]. The value of mHealth apps for health-based solutions in
diabetes outside of pregnancy has been demonstrated [48,49],
and resultsinimproved HbA ., morejudicious health care usage,
better PROs [50-53], and better postintervention patient
engagement [54]. Thereisalack of apps that encompass all of
thefunctions necessary to improve pregnancy and diabetes care
and management, so people in this population may have to
separately manage these 2 complex conditions using multiple
apps or systems. In addition, management needs for those with
only T2D may differ, as diet, blood glucose, and medication
recommendationswill not be considering the needs of agrowing
pregnant woman and fetus.

CGM makes it easier for individuals to monitor their glucose
values without needing to check finger stick values and may
also detect periods of elevated glucose values, such as
postprandial blood glucose levels and subclinical nocturnal
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hypoglycemic events, that are associated with adverse pregnancy
outcomes[55,56]. For pregnant individual swith type 1 diabetes,
research has demonstrated that the use of CGM rather than
SMBG improves neonatal outcomes [57]. However, CGM has
not been widely tested for pregnant individuals with T2D. Our
prior work demonstrated that Medicaid-eligible pregnant
individuals with T2D prefer CGM to SMBG [12]. When
provided with CGM, pregnant individuals with T2D express
high levels of satisfaction [58]. Patients are more likely to
benefit from mobile technology if they understand CGM data,
meaningfully displayed through an app, and how to actively
respond to it to achieve their glycemic goals [59-62].

Integrating a mHealth app with a provider dashboard can
enhance team-based coaching and patient engagement. Few
existing apps provide comprehensive evidence-based educational
content, tracking tools, UCD, and integration with electronic
health records or CGM [15,16]. The UCD approach specifies
the needs of end-users, and involves end-users in a co-design
process to develop mHealth apps that meet their requirements
and represents a digitally inclusive approach to using mHealth
apps [63]. mHealth apps that are comprehensive, personalized,
and integrated within care team workflows are more likely to
be effective [15], increase patient uptake [64], and maintain
patient and provider engagement over time [64,65].
Provider-facing bidirectional dashboards linked to data from
the mHealth app can offer comprehensive diabetes information
to care teams, including timely clinical aerts about glycemic
control, psychosocial issues, and treatment plans [66].
Dashboards can facilitate team-based provider coaching and
feedback [67], including working with the patient's agenda,
recognizing patient beliefs, values, and readiness for change;
and helping with behavioral modification [68,69]. Outside of
pregnancy, such an approach has improved glycemic control
among adults with T2D [48] and adherence to evidence-based
diabetes care among young L atinx youthsliving with T2D [66].

In sum, the motivation behind the development of our
ACHIEVE solution was a call to action for our team to build
multifaceted systems around mHealth apps that manifest as
“digital ecosystems’ within which patients engage with their
health and their care. We present the key components of the
design of this multifaceted solution below.

Evidenced-Based Framework for mHealth
Personalization

Overview

We identified 4 components (Figure 1) that are vital for the
design of the ACHIEVE solution and represent areas of
consideration for designing mHealth appsthat are both inclusive
and personalized, especialy for populations such as
Medicaid-enrolled pregnant individual swith uncontrolled T2D.
We describe each component below for our proposed
evidence-based framework. Evidence collected for the
development of the ACHIEVE solution and our framework is
based on research activities approved by our institutional review
board.
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Figure 1. Evidence-based framework to design mHealth apps that are both inclusive and personalized. mHealth: mobile health.
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Using UCD

In a UCD approach, end users influence the final design.
End-user involvement in the design process |eadsto safer, more
efficient, and more effective products with greater acceptance
and success [63,70]. Recent research among publicly insured
populations highlights the importance of UCD as a means to
extend the benefits of digital health technologies such as
mHealth to clinically high-risk populations who experience a
high burden of social needs[10].

We established a user-centered design work group (UCDWG)
composed of 10 members from three stakeholder groups: (1)
health care providers (physicians and certified diabetes care and
education speciaists [CDCES]) who care for pregnant
individuals with T2D; (2) Medicaid-eligible individuals with
T2D who have previoudly given birth; and (3) community-based
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stakeholders, including community health workers (CHWSs) and
licensed social workers. The purpose of the UCDWG was to
guide the adaptation and refinement of the solution.

ACHIEVE UCD activities involve iterative phases that gather
feedback from the UCDWG and an advisory group (Figure 2).
UCDWG members review multiple versions of the prototype
during focus groups and interviewsto ensure that aspects of the
solution align with personas, which represent examples of
individuals who match the study population. The members
provide feedback on the features of the app and dashboard,
focusing on usability, usefulness for the population, benefits,
and barriers to each feature. The key user-centered principles
that we emphasize during our activities involve empathy for
the user, consistency in design and goals, context of the user,
and reducing the cognitive load of the tools. The feedback
gathered is used to further refine the app and dashboard to meet
the needs of the end users. These activities helped us identify
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different aspects of personalization: functional (collectively by
patient personas and providers), interface (collectively by patient
and collectively for types of providers), content (individually
and collectively for patient and collectively for types of
providers), and distinctiveness (individually and collectively

Fareed et d

for patient and collectively for types of providers). For example,
regarding content-based personalization, patients will receive
different education information based on their reported PROs
and clinical and social needs history.

Figure 2. Depiction of theiterative phases of user-centered design activitiesinvolved in the ACHIEVE solution. SOP: standard operating procedures;

UCDWG: user-centered design work group; UX: user experience.
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User specificationsidentified during the UCD sessions are used
to create and test rule-based algorithms. Inputs for our rules
include identification of frequent out-of-range blood glucose
values, commonly reported unmet social needs by patients, and
care coordination challenges. The purpose of the algorithmsis
to determine the ideal clinical care (eg, adhere to specific
diabetes medication treatment) or social need pathways and
PROs to deploy for a specific individual and at a specific time.
If a patient has financial constraints to purchase medication,
which affects adherence, then a CHW will enroll them in a
social needs pathway to address these financial concerns and
the algorithm will subsequently assess whether medication
adherence and related unmet social needs continue to persist
(see Figure 3 for a genera example). The algorithms
recommendationswill be evaluated for consistency by CDCES
who are a part of the team of providers, using proficiency and
efficiency scores[71]. Clinical informatics experts on the study
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team will conduct a heuristics evaluation of the algorithm based
on Bertini’s heuristics tool [72].

Other UCD-based activities include usability testing of the
integrated ACHIEVE solution and the use of a modified
think-aloud approach that focuses on understanding
sociotechnical aspects[73]. Thethink-aloud approach involves
asking members of the UCDWG to respond to task scenarios
and open-ended questions while working on the solution. The
think-aloud sessionsfacilitate the identification of informational
elements necessary to support effective implementation of
technology systems|[74,75] and thosethat preclude user-friendly
design [76]. Findings from the think-aloud sessions informed
the subsequent refinements to the ACHIEVE solution. Our
feasibility study of the ACHIEVE solution prototype, using a
UCD approach, indicated a favorable response to the usability
of the prototype among both patients who are pregnant and
living with diabetes and providers, including maternal
fetal-medicine physicians and CDCES [12].
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Figure 3. Anexamplerule-based algorithm. CDCES: certified diabetes care and education; HUB: Central Ohio Pathways HUB at Health Impact Ohio;

mHealth: mobile health.
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Design Solution Components Grounded in a
Conceptual Framework

We based our solution on a conceptual framework (Figure 4)
guided by Social Cognitive Theory [13], which posits that the
successful performance of abehavior dependson anindividua’s
behavioral capability and cognitive and environmental
influences on behavior via three domains: (1) skills, (2)
knowledge and beliefs, and (3) self-efficacy. Our solution
provides patients with educational information that clearly
explains how behavior change can achieve a target HbA ;. of
<6.5% prior to delivery (knowledge and beliefs), which is the
primary clinical outcome. The solution devel ops patients' skills
to engage with the diabetes care team by collecting and
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synthesizing detailed glycemic information via CGM and the
provider dashboard to better communicate with the diabetes
care team (skills). Team-based coaching that uses CGM data,
PROs, and clinical care and socia need pathways will help the
patient better adhere to T2D care. Closing the loop (eg, having
the CHW document the patient securing healthy food through
a food pantry) will ensure that a patient's new skills yield
meaningful outcomes and enhance their confidence
(self-efficacy). In the context of our study, we work with the
Central Ohio Pathways HUB at Health Impact Ohio (HUB)
which is a generalizable, regional coordination entity that
contracts with care coordination agencies that employ CHWSs,
who are trained and certified by the HUB, to assess the social
needs of individualsand connect them to community resources.
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Figure4. lllustration of the conceptual framework of the ACHIEVE solution for T2D, guided by the Social Cognitive Theory. The model outlines the
pathway from monitoring and managing T2D to improved clinical outcomes, influenced by intermediate behavioral outcomes and various moderating
factors. CGM: continuous glucose monitoring; HUB: Central Ohio Pathways HUB at Health Impact Ohio; T2D: type 2 diabetes.
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individuals with uncontrolled T2D. This solution collects
real-time patient PRO and CGM datausing amHealth app. Data
Overview aretransferred to adigital health platform, which displays data
on aprovider dashboard. Rule-based algorithmsfacilitate prompt
recommendations on care goals and pathways for the patient
and provider (Figure 5).

Design a M ulticomponent mHealth Solution

ACHIEVE integrates new and existing technologiesto develop
an innovative ecosystem for Medicaid-eligible pregnant
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Figure 5. Diagram and table detailing the integrated ACHIEVE solution for managing uncontrolled T2D in Medicaid-€ligible pregnant individuals.
The system-based solution combines real -time patient-reported outcomes and continuous glucose monitoring data collection viaa mHealth app with a
provider-facing digital health platform. The system'sfunctionalities, tailored care goals, and pathway recommendations are grounded in clinical guidelines.
The table breaks down the components of the system, their subcomponents, and the implications for patients according to the Social Cognitive Theory.
ADA: American Diabetes Association; CGM: continuous glucose monitoring; EHR: Electronic Health Record; HIT: Health Information Technology;
HUB: Central Ohio Pathways HUB at Health Impact Ohio; mHealth: mobile health; PRO: patient reported outcome; SCT: Socia cognitive theory;

T2D: type 2 diabetes.
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mHealth App

The mHealth app provides diverse functions, including
education, reminders, clinical care goals, clinical care or social
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need pathway recommendations, CGM dataand PROsreporting
and monitoring, messaging and videoconferencing, and a
calendar function. Content is based on clinical guidelines for
T2D in pregnancy as per the American Diabetes Association
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and the American College of Obstetricians and Gynecol ogists
[22,77]. Patients will be directed to appropriate resources and
web-based learning to help them navigate the app and its
resources. PROsin the mHealth app will be embedded to address
health and social needs, and rule-based algorithmswill provide
tailored care goas, show care pathways, and establish the
frequency of elicited PROs. PROs, including social needs
screening, will be performed through the app (Section 508
compliant). Follow-up questionswill use arule-based algorithm
and a pre-established frequency.

Continuous Glucose Monitoring Device

Patientswill be provided with DEXCOM G6 PRO CGM sensors
and transmitters. The Dexcom G6 CGM system is accurate and
safein pregnant individuals with diabetes[78]. Patientswill be
taught how to place and remove CGM sensors by a nurse and
will be given sensors to change themselves at home every 10
days. Of note, the DEXCOM G6 PRO can be applied asapatch
on the abdomen, arm, or upper buttocks, is well-tolerated in
pregnancy, and does not require calibration [78]. Our mHealth
app will allow for wireless synchronization with the CGM sensor
so that data are seamlessly reported back to the health care team
[79,80].

Digital Platform

A robust digital platform will be developed that integrates with
Research Electronic Data Capture (REDCap) and algorithms
that can adjust the PRO collection protocol based on defined
parameters. For instance, if a social need is identified, the
platform will automatically increase the frequency of outreach
until it isaddressed or thereisamanual override by acareteam
member or the patient. This platform alows for the integration
of our ACHIEVE mHealth app and dashboard (using a
SMART-Fast Health care Interoperability Resources [FHIR]
interface). The platform will integrate electronic health record
(EHR) datainto the provider dashboard and updateit over time.
It can use rule-based a gorithms to synthesize data reported by
pregnant individuals and their care team, tailoring care in real
time based on changing clinical and social needs. The CHW
will integrate their coordination system with the digital platform
viaa2-way application programming interface (API) that will
allow for the bidirectional communication of structured and
unstructured data about a patient’s health status (eg, trends in
HbA,. or CGM data such as time in range and comorbid

conditions), social needs, and demographics.

Provider Dashboard

The ACHIEVE solution will include a bidirectional dashboard
that displays information about individuals, including priority
care goals and pathways, and recommendations generated via
thedigital platform. Health care team members can access the
dashboard embedded within a portal to modify or update
information and close the loop on patient tasks. The dashboard
will present recommendations for patient goals and pathways
provided by the digital platform algorithms. Providers can use
these recommendations or manually select onesfor the patient.
Providers can sequence goals and pathways by level of
complexity. Both the CHW and the health care team can perform
ongoing assessments of social need pathway selections and
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assess recurring needs through the provider dashboard.
Documentation of unstructured data will involve information
about social need pathways that have not been completed and
the reason why, as well as any resources that were used to help
support the patients needs. Unique dashboard views and access
to functions will be developed based on the care team role.

Community Health Worker and Social Need Pathways

Patients will be screened at enrollment and throughout the
solution for social needs using asurvey adapted from validated
instruments, such as the Accountable Health Communities
Health-Related Social Needs Screening Tool. The questionnaire
includes 26 questions addressing living situations, food security,
transportation, uses, safety, financial strain, employment, family
and community support, education, physical activity, substance
abuse, mental health, and disabilities [50]. The care team will
refer patients with affirmative responses to the HUB through
the provider dashboard to address unmet social needs (eg, food
insecurity, housing, and employment). HUB CHWswill perform
comprehensive socia needs assessments and connect patients
to community resourcesthrough social need pathways, adefined
action plan addressing patient needs which is recorded and
tracked. For example, this approach will be used to connect a
patient who identifiesasliving in afood desert to afood pantry,
which will provide multiple food options and access to fresh
produce (trackable by both the CHW and diabetes care team).
Linking thedigital platformto the CHW isanovel digital health
approach using mHealth that can be replicated across health
systems. The CHWSs can interact with the direct lived
experiences of patients as individuals embedded within the
community.

Team-Based Coaching

Our solution design will involve prespecified roles for health
careteam membersaddressing clinical care (physician, CDCES,
and nurse) and social needs (CHW) for T2D carein pregnancy.
Patients will receive core training by the CDCES to carry out
tasks with the tools with the aid of web-based resources and
videos. The primary goals of the care team and CHW will be
to support the patient with active problem-solving, to motivate
engagement with the ACHIEVE solution, and to accomplish
care pathway objectivesrelated to glycemic control. The CDCES
will be available to patients via videoconferencing and
messaging and can message the CHW. Both the CHW and
CDCES will monitor the dashboard for social needs. If thereis
aneed identified, areferral will bemadetoinitiate asocial need
pathway and the patient’s progress will be documented.

System | ntegration

The mHealth app will be updated for the iOS (Apple) and
Android (Google; CGM and PROSs) operating systems and the
EHR will beintegrated with the digital platform and the provider
dashboard. Health Language Seven and Clinica Quality
Language will be used to facilitate integration with the EHR
system. Data collection will commence once a patient has
concurrently activated their mHealth app and CGM device, as
demonstrated in Figure 6. The dataare sent in JavaScript Object
Notation format to the digital platform using a Representational
State Transfer API. The platform has an integrated REDCap
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web server. The transferred data will be converted to a
pre-established schema and stored in a MySQL (Oracle
Corporation) database. The required data fields from the EHR
will beintegrated within the platform using the FHIR protocol
for EHR data integration or exchange. Continuous data
processing and execution of adaptable rule-based algorithms
will be performed using standard R software (R Core Team)
packages. The data exchange between the digital platform,
mHealth app, and dashboard will occur with the aid of

Fareed et d

Representational State Transfer APIsat multipletimeresolutions
(real time, hourly, daily, and weekly). All endpoints and APIs
will be secured via transport layer security, and access tokens
under the APIs will be used to ensure the secure exchange of
data. All users (patients and providers) will access the system
for the ACHIEVE solution using an OAuth (version 2.0; Internet
Engineering Task Force) compliant identity and access
management system.

Figure6. Schematic representation of the data flow within the ACHIEVE solution. Thediagram highlightsthe integration of the CGM device, mHealth
app, and EHR system with the digital platform (REDCap) and provider dashboards. API: application programming interface; CGM: continuous glucose
monitoring; FHIR: SMART-Fast Health care Interoperability Resources; HL7: Health Language Seven; HUB: Central Ohio Pathways HUB at Health
Impact Ohio; mHealth: mobile health; OSUMC: Ohio State University Medical Center; REDCap: Research Electronic Data Capture.
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Solution Evaluation Using a Hybrid I mplementation
Study Design

ACHIEVE involvesahybridtrial type 1 study [81], and consists
of 3aims; aim 1, use UCD practicesto adapt our mHesalth app
solution and provider dashboard to our target population; aim
2, conduct a randomized controlled tria of the solution versus
the current standard of care. This trial will assess whether the
multicomponent solution (mHealth app with CGM, provider
dashboard, and care team coaching) can achieve glycemic
control (HbA,.<6.5%) by the end of the pregnancy prior to
delivery versus current standard care; and aim 3, conduct a
multistakeholder evaluation using mixed methods to identify
barriers and facilitatorsto theimplementation and uptake of the
solution and its subcomponents, including patient and careteam
engagement, experience, and satisfaction. An
effectiveness-implementation hybrid study design, such as
ACHIEVE, supports the identification of problems with the
delivery of the solution during the clinical trial, which can
trandate to vital considerations (eg, barriers or facilitators and
modifications to maximize uptake and use) for subsegquent
real-world implementation.

Limitationsto Consider

Technological, end user acceptance, and scalability are examples
of challengesthat will need to be mitigated through the design,
implementation, and evaluation of digital health tools. The use
of user-centered design principles and afocus on the context of
implementation are 2 examples of approaches that help to
systematically address such challenges and these approaches
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need to be instilled from the beginning of the design process
and maintained throughout the study, as suggested by our
framework. Some challenges, however, may need to be
addressed over the long-term at the policy level (eg, making
the internet accessible to everyone in a community, including
individuals who face financia barriers). Our framework and
the evidence that can be generated from it provide information
to raise awareness of these priority issues both at the community
and policy levels. Lessons learned from our experience with
integration will also form the foundation for additional work
that will need to be done to integrate our solution across EHR
systems among hospital systems and community-wide.

Conclusions

We present an evidenced-based framework for mHealth design
that isinclusive and personalized for individuals who live with
high-risk clinical conditions and experience a high burden of
social needs. Our framework is informed by our experiences
with designing the multicomponent ACHIEVE solution,
including mHealth, a provider dashboard, and team-based
coaching, for Medicaid-eligible pregnant individuals with
uncontrolled T2D, many of whom experience a high burden of
social needs. ACHIEVE addresses prior challenges in using
mHealth solutions that include a lack of comprehensive and
adaptive evidence-based educational content, closed-loop
integration with external sensors, and personalization for
individuals who experience obstacles to using a mHealth
solution. Our solution moves beyond simpletailoring of mHealth
apps based on design specifications typically collected from
homogeneous patient populations, including those who do not
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experience a high burden of adverse SDoH (both clinical and to influence their engagement. Our approach presents an
nonclinical) [9]. The ACHIEVE solution will be capable of opportunity for apps among other populations that experience
personalizing care based on shifting clinical and social need ahigh burden of adverse SDoH.

contextsfor an individual and provide them with dynamic goals
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