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Abstract

Background: Longitudinal cohort studies have traditionally relied on clinic-based recruitment models, which limit cohort
diversity and the generalizability of research outcomes. Digital research platforms can be used to increase participant access,
improve study engagement, streamline data collection, and increase data quality; however, the efficacy and sustainability of
digitally enabled studies rely heavily on the design, implementation, and management of the digital platform being used.

Objective: We sought to design and build a secure, privacy-preserving, validated, participant-centric digital health research
platform (DHRP) to recruit and enroll participants, collect multimodal data, and engage participants from diverse backgrounds
in the National Institutes of Health’s (NIH) All of Us Research Program (AOU). AOU is an ongoing national, multiyear study
aimed to build a research cohort of 1 million participants that reflects the diversity of the United States, including minority,
health-disparate, and other populations underrepresented in biomedical research (UBR).

Methods: We collaborated with community members, health care provider organizations (HPOs), and NIH leadership to design,
build, and validate a secure, feature-rich digital platform to facilitate multisite, hybrid, and remote study participation and
multimodal data collection in AOU. Participants were recruited by in-person, print, and online digital campaigns. Participants
securely accessed the DHRP via web and mobile apps, either independently or with research staff support. The participant-facing
tool facilitated electronic informed consent (eConsent), multisource data collection (eg, surveys, genomic results, wearables, and
electronic health records [EHRs]), and ongoing participant engagement. We also built tools for research staff to conduct remote
participant support, study workflow management, participant tracking, data analytics, data harmonization, and data management.

Results: We built a secure, participant-centric DHRP with engaging functionality used to recruit, engage, and collect data from
705,719 diverse participants throughout the United States. As of April 2024, 87% (n=613,976) of the participants enrolled via
the platform were from UBR groups, including racial and ethnic minorities (n=282,429, 46%), rural dwelling individuals (n=49,118,
8%), those over the age of 65 years (n=190,333, 31%), and individuals with low socioeconomic status (n=122,795, 20%).

Conclusions: We built a participant-centric digital platform with tools to enable engagement with individuals from different
racial, ethnic, and socioeconomic backgrounds and other UBR groups. This DHRP demonstrated successful use among diverse
participants. These findings could be used as best practices for the effective use of digital platforms to build and sustain cohorts
of various study designs and increase engagement with diverse populations in health research.
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Introduction

Background
Longitudinal cohort studies have historically relied on
clinic-based recruitment models that limit participation and
reduce cohort diversity in many ways [1,2]. System-level
barriers, such as distance to the research site and clinic-based
eligibility, can negatively affect participant recruitment and
study retention. Socioeconomic barriers, such as income,
education, and health insurance status, also limit research
participation in minority and other health-disparate groups [3-5].
The resultant homogeny in research cohorts reduces the
generalizability and validity of research outcomes [6-8]. Digital
platforms can minimize barriers to research participation, such
as transportation costs, site access, and time commitment, and
significantly improve participant access and engagement [9-11].
As a result, digital platforms are being increasingly used in
health research to enable accelerated, more accessible, and more
reliable real-world data collection. However, as longitudinal
cohorts increase in the breadth and scale of data, the efficacy
of digital platforms can vary profoundly, depending on the
platform’s capability to meet the ever-increasing needs of the
study over time.

Appropriate implementation of study activities via digital
platforms can minimize many of the commonly reported barriers
to research participation. Recent studies, such as MyHeart
Counts and Health eHeart, show how digital enablement of
traditional research methods may improve engagement of people
from diverse backgrounds, including those who do not
commonly engage with health care systems [12-14]. Digital
technologies also reduce the stakeholder burden related to
collection, curation, and sharing of health data [15]. Therefore,
digital platforms may be effective tools to improve participant
engagement, increase cohort diversity, broaden geographical
reach, and streamline the curation of diverse research data sets.

Digital research platforms must also accommodate users of
varying digital aptitudes. This requires consideration of

sociodemographic factors that impact the use of digital
technology, such as age, disability, rurality, education, income,
culture, digital access, native language, and literacy [16,17].
Digital research platforms can be adapted to accommodate these
differences and thereby reduce participant burden and build
trust with communities that are underrepresented in health
research [18]. Existing commercial and academic tools for
electronic data capture (EDC) are built primarily for research
teams and are not designed to meet the preferences of
participants interacting with them [19]. Therefore, it is important
to create digital tools with engaging functionality for diverse
participants that also meet the evolving needs of longitudinal
cohort studies. We aimed to build such a platform to support
nationwide enrollment of 1 million diverse participants in a
novel multiyear, longitudinal cohort study.

Objectives
In this paper, we describe various tools within a digital health
research platform (DHRP) designed to effectively engage
diverse participants from various backgrounds and collect
multisource health data in a large community-based longitudinal
cohort study. The All of Us Research Program (AOU) is an
ongoing nationwide initiative aimed to recruit 1 million
participants from diverse cultural, socioeconomic, demographic,
and geographic backgrounds and to collect data that are
generalizable, accelerate biomedical research, and improve
outcomes for all groups [20,21]. The broadly inclusive
eligibility, recruitment, and data curation needs of the AOU
required the development of a highly adaptable, comprehensive
digital platform able to accommodate multifaceted, complex
study requirements. The study also needed a platform with
modifiability that would allow study staff across 1200 sites to
conduct operations and rapidly deliver customized,
community-specific engagement (Figure 1). These complex
needs led to the development of a comprehensive digital
platform design capable of supporting data expansion and the
addition of ancillary studies over the extended study timeline
of 10 or more years [22].
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Figure 1. Illustration of how an all-in-one platform requires broad functionality to accommodate the varying dimensions of complexities for different
study protocols.

Methods

System Requirements
Vibrent Health, Inc, a digital health technology company, was
selected as the participant technology systems center and tasked
with developing a secure digital platform and tools for

participant experience, study management, and data analysis
[23]. To align with its core values, the AOU needed a secure
DHRP that (1) could be broadly deployed nationwide to support
study management, (2) could host several program touch points
within a flexible participant journey, (3) was accessible to
different levels of digital access, literacy, and comfort, and (4)
was cybersecure and robust (Figure 2).
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Figure 2. AOU core values were used to develop key design features of the DHRP. AOU: All of Us Research Program; DHRP: digital health research
platform; HIPAA: Health Insurance Portability and Accountability Act.

System Description

Digital Health Research Platform Design and
Architecture
Vibrent Health designed and built a DHRP to facilitate
participant recruitment, enrollment, multisource data collection,
and long-term engagement using web-capable digital devices
(computers, mobile devices, tablets). The DHRP was developed
via close collaboration between the government, academia,
community stakeholders, and industry using validated user
experience (UX) and user interface (UI) research. (Figure 3).

We developed participant-facing tools for engagement and data
collection, as well as researcher-facing study management tools.
The data collected within the DHRP were stored in a
cybersecure cloud environment, where they could be
harmonized, cleaned, and integrated with other data systems.

The technical architecture of the DHRP is highly configurable,
using a low-code approach and promoting an open ecosystem
without the need for custom software development. The AOU
used a range of DHRP tools to facilitate the study: (1) Participant
Experience Manager (PXM), (2) Research Cloud (RC), 3) Data

Explorer (DX), and (4) Community Engagement Builder (CEB).
The DHRP tools are shown in Figure 4.

The DHRP adopted a hybrid technical strategy, blending readily
accessible commercial tools and subsystems with customized
application layer enhancements and integrations. This approach
provided a tailored solution of high-quality explicitly crafted
tools that are also generalizable to meet the needs of various
study designs. The platform supported an open ecosystem to
integrate with additional devices and to embed experimental
digital health technology modules within study protocol
pathways.

The DHRP used multilayered enterprise architecture to achieve
secure storage of data, along with flexibility and scalability.
The Cloud Services and Infrastructure Management Layer
provided dynamic autoscaling to meet the changing demands
of studies over time. The Data Lake and Database Layer
managed and stored large volumes of multisource data, including
participant data and operational data. Key functions of the
DHRP included data integration, data transformation, advanced
analytics, data governance, real-time data processing, and
metadata management. The platform used centralized
cloud-hosted databases (MySQL, Snowflake [NoSQL], Redshift)
for secure data storage, and a data warehouse. The Functional
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Modules Layer facilitated interconnection of the DHRP to
multiple third-party application programming interfaces (APIs)
and end-user applications.

The DHRP used several methodological testing frameworks
and capabilities, as well as scientific testing support protocols,
including user research, functional randomization testing,
randomization for scientific testing, survey response
randomization, and bias mitigation. In addition, Agile software
development life cycle (SDLC) and continuous
integration/continuous delivery (CI/CD) processes facilitated
the delivery of high-quality enterprise software. The “shift-left”
SDLC reduced the complexity of software development, thus
enabling the study to respond quickly to protocol amendments
without disrupting the participant experience. Examples of

configuration updates include the addition of new surveys,
workflow changes, or revision of study-related content.

Containerization and microservices methods were applied in
the DHRP to optimize flexibility, scalability, efficiency, system
performance, security, and privacy. Containerization provides
a standardized, efficient approach to software deployment by
encapsulating applications within isolated environments. This
ensures consistent performance and compatibility across diverse
computing platforms, which is essential for reproducible and
scalable scientific research [24]. Microservices architecture
breaks down complex software into smaller, independent parts
that work together, making it easier to update and scale
applications. DHRP microservices are described in Table 1.

Figure 3. Integration of DHRP tools within the AOU digital infrastructure. AOU: All of Us Research Program; DHRP: digital health research platform;
EDC: electronic data capture.
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Figure 4. Schematic of the DHRP end-to-end unified data informatics platform and its PXM, RC, and DX tools facilitating collaboration among research
teams in a large multisite consortium. DHRP: digital health research platform; DX: Data Explorer; PHI: protected health information; PXM: Participant
Experience Manager; RC: Research Cloud.
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Table 1. Microservices used in the DHRPa.

FunctionMicroservice

Facilitates integration with third-party study toolsAncillary study integration

Schedule, view, and update appointments with maps and geolocationAppointment management

Advanced data synchronization service enabling large-scale cross-platform integrationAsynchronous messaging

Enables authentication and single sign-onAuthentication services

Create cases with specific actions to take for a group of participantsCase management

Transmit targeted email or SMS text or push communications to mobile appsCommunications services

Provide demographic-based results (by age, location, etc) for survey responsesComparative insights

Canned visualizations of protocol activities to assist research staff in overseeing program activities; use
default dashboards or create your own customized dashboard

Dashboards

Integrate with an external data hubData integration

Scalable storage of large volumes of multisource dataData management

Retrieve data from various sources: Medicare, Epic, Cerner, Athena Health, Fitbit, Apple HealthKitData retrieval services, multiple

Communications (email and SMS text) linked to specific steps in the participant workflow to improve
participant engagement

Deep linking

Manages primary and additional consent agreement moduleseConsentsb and agreements

Ability to manage upload and sharing of test results with participantsFile-sharing services

Order management and delivery tracking of biosample kits and other assets required to support data
collection

Fulfillment services

Secure, remote verification of participants for account accessIdentity verification

Search, analyze, and visualize data about participants and study activities; ability to create custom
dashboards, reports, and data exports based on the unique needs of a study

Insights

Study branded mobile apps for participant access; supports iOS and Android clients and adaptive web
for participants choosing not to use mobile apps

Mobile apps

Enable participants to complete survey activities without authenticationNo-login experiences

Create customized reports and exports for use with study engagement activitiesReports and exports

Create complex filtering criteria to identify a group of participants to target for a protocol activity and
engagement and may be used to create a case or transmit communications

Segmentation

Import survey definitions and participant survey data from third party–hosted survey platformsSurvey import

Create and view appointments, cases, and follow upsTask management

Create user engagement workflows based on time-based protocol requirementsTime-based event management

Enable the creation of simplified user engagements and support for complicated time- and event-driven
workflow; includes configurable page and navigation items, business rules, and conditions

UXc and advance workflow customization

aDHRP: digital health research platform.
beConsent: electronic informed consent.
cUX: user experience.

DHRP Participant Experience Tool
The PXM facilitated all participant-facing study protocol
activities, including (1) electronic informed consent (eConsent),
(2) study data collection and data sharing, and (3) secure
bidirectional communication. The PXM operates in English and
Spanish and can be translated to more than 30 additional
languages. Table 2 describes the third-party services that were
integrated with the DHRP to support PXM functionality.

The eConsent functionality, content, and UX were developed
to accommodate seventh-grade or lower literacy levels through
collaborative UX research with participants, researchers, and

NIH staff. The key functionality of eConsent included (1)
web-based and mobile device accessibility, (2) built-in
knowledge reinforcement, and (3) content accessible by text,
audio, or video.

The PXM allowed participants to securely access individual
participant portals to complete study-related data collection
activities, including submission of survey responses, scheduling
appointments to complete study measures, and communication
with research staff, as shown in Figure 4. The PXM supported
both “repeated surveys” and “longitudinal data collection” with
defined events, including complex window management that
made certain study tasks available in the participant dashboard
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during the appropriate window of time. Participants were able
to securely review their personal data and genetic results through
the PXM.

The PXM was integrated with a range of third-party fast health
care interoperability resource (FHIR) systems enabling
participants to share EHRs and medical claims data to contribute
to the study. Over the course of the AOU, multiple approaches
were also used to facilitate the collection of wearable data from
participants—all of which made use of the PXM. These included
(1) providing opt-in for self- managed (ie, “bring your own
device”) data contributions using participant-owned Fitbit
wearables, Google Fit, and Apple HealthKit; (2) providing Fitbit
devices directly to participants to encourage the contribution
of data; and (3) providing supportive messaging to participants
who were provided with Fitbits to both encourage and monitor
the optimal approaches to acquiring wearable and related digital

health data. This secure, participant-focused design fostered
ease-of-use throughout the study (Figure 5).

As part of an end-to-end readiness assessment for pediatric
enrollment, the PXM supports engaging with parents of eligible
children as proxy users. Parents of children under the age of 5
years old were invited to enroll their children in the study and
were authorized to complete permission, authorization, and data
collection modules on behalf of their children [25]. Tools enable
study staff to engage with children for biosample and physical
measurement collection processes using the PXM. Parents can
enroll multiple children and select those children in a drop-down
menu. As the AOU expands its pediatric recruitment processes,
the PXM will support additional parental roles and permissions,
as needed, for participants between the ages of 5 and 18 years
at the time of consent.

Table 2. Participant-centric functionality requires scalable integrations with COTSa.

COTSParticipant-facing tools

Iterable, Lob, TwilioCommunication (email, SMS, postal/printed mail)

ColorGenomics counseling and return of information

DNA Genotek, Mirimus, Molecular Testing Labs (MTL), Tasso, Quest
Diagnostics

Remote biosample collection for assays and genomic sequencing (saliva,
blood, nasal swabs)

Epic, Cerner, Athena Health, othersEHRsb

Fitbit, Apple HealthKit, Apple Watch, Google FitWearables and biometric devices

ID.meIdentity verification

Metabase, Tableau, Google AnalyticsData visualization/exploration, dashboards, analytics

REDCap, QualtricsSurveys, codebooks

SnowflakeEnable aggregate participant data comparisons at scale

US Postal Service, Aftership, FedExShipment and logistics

Akamai, HackerOneParticipant data privacy and security

aCOTS: commercial-off-the-shelf services.
bEHR: electronic health record.
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Figure 5. Screenshot of the PXM dashboard. PXM: Participant Experience Management.

DHRP Research Administration Tools
The RC empowers research staff to complete direct engagement,
monitoring, and support to assist participants with completion
of study activities. The RC enables research staff to
communicate with participants via automated digital marketing,
email, and SMS text messaging and to securely collect
participant data using built-in computer-assisted telephone
interviewing (CATI) capabilities. The RC allowed staff to assist
participants with account access, scheduling of study measures
visits (in-clinic or remote), and tracking of participant progress
via customizable dashboards. The RC was critical in building
relationships to keep participants engaged and ensure that study
tasks were completed.

For security and privacy, the RC implemented a
Roles-Functions-Permissions-based framework system, which
granted limited access to select data and workflows based on
the research staff’s assigned role within the platform. The 13
distinct user roles available in the RC include program
coordinators, data analysts, research assistants, and system
administrators. After completing 2-step authentication login,
RC users can review a role-based data dashboard or download
participant-level research data. To facilitate adoption, a training
environment was created, which allows RC users to practice
their workflows without compromising real study data. The RC
can also support expansion to ancillary studies and can extend
user roles to allow access to multiple projects through 1
dashboard.

DHRP Data Management Tool
The DX is a self-service analytics tool that enabled study staff
to access structured or unstructured data to construct custom

reports, dashboards, and insights into collected data and
metadata. The DX allows researchers to review and analyze
study data from all sources (surveys, collected biometric
measures, and third-party shared data) in real time within 1
dashboard. The DX also supports the use of data analytics tools
(RStudio, Python, JupyterHub) within the platform on live data.
This capability allows researchers to assess data quality and
preliminary study results in real time. Modular data pipelines
were developed in Python, allowing for scalability and
adaptability to many different data sources and data analytics
functions.

DHRP Content Management Tool
The content management tool, called CEB, delivered study
outreach materials and hosted the study recruitment website. It
enabled rapid and low-cost creation and deployment of
customized recruitment websites, event marketing, and landing
pages tailored to a site’s specific catchment area. The CEB
includes UX-validated templates to optimize content with
appropriate levels of cultural sensitivity and language
translation. The CEB was used to generate websites that educate
and recruit people to the AOU or ancillary studies and was also
used to build the nationwide recruitment website [26].

The CEB was integrated with the RC to provide real-time
enrollment metrics to support strategic adjustment of recruitment
strategies for study success. Digital marketing analytics
generated by the CEB enabled staff to track conversions from
both online (recruitment website, lead generation, events landing
pages, and social networking links) and offline (QR codes from
posters and flyers) sources. By leveraging these analytics, staff
gained insights into the effectiveness of different recruitment
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methods and made informed decisions to optimize recruitment
efforts and meet enrollment and diversity targets.

DHRP Research Staff Training and Support Tools
After the study was launched, there was a recognized need to
provide comprehensive and efficient support and training to
research staff using DHRP tools. The Help Center and the
Vibrent Research Academy were digital training resources
created to support researchers’ execution of study management
and outreach tasks. The Help Center served as a knowledge
base for site staff using the RC or CEB tool and provides a
detailed explanation of DHRP features, along with supplemental
articles, troubleshooting tips, and other resources. The Vibrent
Research Academy offers short courses that provide detailed,
multimedia demonstrations and instructions on the use of DHRP
tools and features.

Ethical Considerations

eConsent Process
Through the PXM, we delivered a modular eConsent process
to facilitate a self-paced, dynamic, and adaptive experience for
participants [27]. The eConsent process met the regulatory and
compliance requirements of all 50 states to support geographic
inclusivity and access to participation. A formative consent
evaluation module was included to assess participant
informedness following a review of each eConsent module.
Before providing a digital signature, participants were required
to correctly answer 80% of the evaluation questions. Participants
were able to withdraw consent from any individual consent
module at any time, with the option to reconsent again in the
future. Digital copies of completed consent forms were stored
in the PXM. This same mechanism also facilitated electronic
assent on behalf of eligible minors.

Data Security, Encryption, Regulation, and Compliance
All participant-facing materials were approved by a centralized
Institutional Review Board. The DHRP maintains a “defense
in depth” security posture to keep participant data safe and
private. Data security and privacy are implemented in
accordance with established industry-standard policies,
procedures, and technology system guidelines, such as Federal
Information Security Modernization Act (FISMA) and National
Institute of Standards and Technology (NIST) Cybersecurity
Framework for Security and Privacy Controls (NIST SP 800-53
r5, NIST SP 800-39, NIST SP 800-37) and are Health Insurance
Portability and Accountability Act (HIPAA) compliant.
Technical safeguards include strong data encryption (AES256,
TLS 1.2 and higher) in flight and at rest. The DHRP is compliant
with 21 CFR part 11 and ensures entries come from an
authenticated and authorized source. Role-based permissions
ensure that only authorized users are permitted to change
settings.

Community Engagement
The AOU is a population-based precision medicine initiative
operating on a community engagement structure [15,21]. To
operationalize the program’s core values, a community-based
participatory research approach was implemented to develop a
national network of actively engaged community organizations

and individuals to build community advisory boards (CABs).
CABs collaborated with health care provider organizations
(HPOs), local community centers, academic and industry
partners to provide study guidance.

Community engagement partners facilitated direct engagements
between prospective participants and members of their specific
communities, which could take the form of sending structured
electronic communications, setting up in-person opportunities
at events and physical facilities, promoting by word of mouth,
and providing biosample collection opportunities when
supported by other program partners. These partners encourage
initial enrollment as their primary function.

Participant Recruitment and Enrollment
Participant recruitment, eligibility, and enrollment were
delivered through in-person and digital methods facilitated by
the DHRP [15,21]. Outreach was conducted at local community
events and conferences, by word of mouth, digital advertising,
and physical distribution of study-branded flyers and
promotional items. The CEB tool of DHRP provided
customized, culturally appropriate recruitment webpages in
multiple languages. Participants who enrolled remotely were
able to communicate with staff by phone or email via the PXM.
Remote participants were also able to use the PXM to locate
the nearest site at which to complete their physical study
measurements. Fully remote participants could independently
complete all activities, including consent, surveys, EHR data
sharing, biosample collection, and communication with study
staff, without reporting in person to an HPO site.

Participants were also recruited in person at HPO and mobile
clinic sites throughout the United States, with enrollment
completed in the DHRP, with or without assistance from site
staff. A myriad of program partners used the DHRP to support
recruitment, enrollment, and retention. Health care–providing
organizations, such as large health systems and federally
qualified health centers, facilitated both initial recruitment in
the same manner as community engagement partners and
directly facilitating (1) consent, (2) completion of electronic
surveys, (3) completion of biosample collection in both remote
and in-person engagements, and (4) EHR data collection, as
well as providing human support for all program activities when
a program participant was recruited from their patient
populations.

Study Data Collection
All study data were collected in the DHRP. Participants used
the PXM tool to submit surveys and complete data sharing from
third-party services. To minimize the participant burden, all
surveys were available in separate, self-paced modules, allowing
participants to save their progress and return to the modules for
completion later. To support data collection, research staff used
the DX tool to identify participants with incomplete study tasks,
such as eConsents or surveys. The RC was then used to develop
targeted engagement campaigns to remind participants of any
remaining incomplete study tasks requiring attention. A
description of the sources and types of data collected in the
DHRP is available in Table 3.
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Table 3. Multisource data types collected in the DHRPa.

Data formatsData source

PDFeConsentb signature

JavaScript Object Notation (JSON)–formatted FHIRd payloadsEHRsc

Apple HealthKit health data: JSON

Apple HealthKit EHR data: JSON

Consumer wearables (Fitbit, Apple HealthKit)

JSON-formatted FHIR payloadsBiometric measures

PDF reportsGenetic results

JSON-formatted FHIR payloads: questionnaire responseSurveys

JSON-formatted FHIR payloadsPersonally identifiable information

Comma-separated value (CSV), JSONParticipant communication

CSVParticipant communication

CSVProspective participants

JSON-formatted FHIR payloadsCognitive assessments

PDF and JSON-formatted FHIR payloads: questionnaire responsePediatric assent and surveys

CSV, Urchin Tracking Module (UTM) parametersDigital marketing data

aDHRP: digital health research platform.
beConsent: electronic informed consent.
cEHR: electronic health record.
dFHIR: fast health care interoperability resource.

Results

Participant Characteristics
The DHRP was launched for use in May 2018. As of April
2024, a total of 705,719 participants had enrolled in the AOU
through the DHRP. Of these participants, 74% (n=524,264)
completed all study activities in the core study protocol,
including all required survey modules. In this cohort, 55%
(n=386,377) identified as women, 51% (n=360,303) were aged
35-64 years, and 48% (n=340,423) identified as White. The
platform was used by participants and research teams in each
of the 50 US states and territories, with 8% (n=58,211)
participants representing rural areas (Figure 6).

The AOU used the DHRP to build a diverse research cohort in
which 87% (n=457,514) identified as members of groups
underrepresented in biomedical research (UBR) in at least 1
demographic category (age, race, sex, gender, income,
education, or disability). More specifically, 46% (n=243,296)
participants identified as racial minorities, 36% (n=189,087)
reported a low income, and 20% (n=104,916) reported a
disability. One third of the cohort (n=219,355, 31%) were aged
65 years and over, 8% (n=58,211) identified as rural residents,
and 28% (n=197,601) were people with limited access to health
care. More than 5% (n=~37,000) of all program participants
opted to participate in the program in Spanish. UBR diversity
metrics of the cohort are available in Table 4.
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Figure 6. Geographic distribution of AOU participants enrolled through the DHRP by US state as of March 21, 2024. State enrollment varied from
13.2% (n=86,803) in California to 0.1% (n=706) in New York. The western region had the highest enrollment (28.1%). AOU: All of Us Research
Program; DHRP: digital health research platform.
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Table 4. AOUa participants’ (N=705,719) sociodemographic characteristics as of April 2024.

Participants, n (%)Characteristics

Age group (years)

25,707 (3.6)18-24

213,958 (30.3)25-44

246,699 (35.0)45-64

205,072 (29.0)65-84

14,283 (2.0)≥85

Gender

237,070 (33.6)Man

386,377 (54.7)Woman

2729 (0.4)Nonbinary

1169 (0.2)Transgender

4010 (0.5)Other/multiple selections

74,364 (10.5)Unspecified/no answer

Racial identity

340,423 (48.2)White

102,371 (14.5)Black or African American

22,281 (3.2)Asian

55,872 (7.9)Multirace/other

86,477 (12.3)None/no answer

Education

51,236 (7.3)Less than high school

113,545 (16.1)Grade 12 or General Educational Development (GED)

165,317 (23.4)College, 1-3 years

148,910 (21.1)College, 4 years or more

42,504 (20.2)Advanced degree

84,207 (11.9)Unspecified/no answer

Annual household income (US $)

143,939 (20.1)≤24,999

96,800 (16.0)25,000-49,999

70,599 (10.0)50,000-74,999

55,0752 (7.8)75,000-99,999

101,965 (14.4)100,000-199,000

45,136 (6.4)≥200,000

188,205 (26.7)Unspecified/no answer

Rurality

58,211 (8.2)Rural

644,852 (91.4)Nonrural (metro/suburban)

2656 (0.4)Unspecified/no answer

aAOU: All of Us Research Program.
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Data and Tool Usage
Approximately 4,500,000 combined survey and eConsent
modules have been completed through the DHRP. Analysis of
eConsent formative evaluation questions revealed that after
reviewing eConsent modules, over 95% (n=670,433) of the

participants were able to differentiate the research program from
medical care, understand the voluntary nature of their
involvement, and comprehend their right to withdraw at any
point in time [28]. Complete data collection metrics are in Table
5.

Table 5. Data collected and tool usage metrics from the DHRPa for the AOUb.

Data, nMeasures

Participant data sources

49,627Fitbit

19,940Apple HealthKit

14,431EHRsc

3,685,608Total survey modules completed

538,160Total physical biometric study measures

59,819Saliva kits

eConsentd

2,015,622Total primary eConsent modules completed

632,644EHR eConsent module

406,781Genomics return of results eConsent module

85,572Cognitive assessment eConsent module

Digital marketing

378,010Prospective participants contacted

3677Automated email and SMS text campaigns delivered

1838Custom HTML templates created by sites in the partner CEBe tool

≥300Multichannel communication automations (bilingual)

Participant multimodal communications

64,837,083Emails sent to participants

7,794,054SMS text messages sent to participants

463,975Mobile app push notification messages sent to participants

1,531,814Direct mail sent to participants

1,168,079Site staff remote engagement with participants

412,026Protocol step completions logged by site staff due to remote engagements

42,795CATIf sessions

301,393Appointments scheduled (remote and site based)

aDHRP: digital health research platform.
bAOU: All of Us Research Program.
cEHR: electronic health record.
deConsent: electronic informed consent.
eCEB: Community Engagement Builder.
fCATI: computer-assisted telephone interviewing.

The use of CATI capabilities within the DHRP demonstrated
the positive effects of combining digital and in-person
engagement methods to enhance the participation of UBR
groups in research. Among participants who completed the
Social Determinants of Health (SDOH) survey module
(n=276,706, 42%, eligible participants) for the study, CATI

technology supported significant portions (as high as 47%) of
survey completions within cross-sectional UBR groups.
Cross-sectional analysis by participant age, education, income,
and race-ethnicity showed increased use of CATI-assisted
sessions within certain UBR groups. Specifically, the increased
use of CATI was evident among those with education levels
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below grade 9, those with an income below US $35,000/year,
people aged 55 years and older, and people identifying as
non-Hispanic Black or Hispanic of any race. The cross-sectional
use of CATI is shown in Figures 7, 8, and 9. Those with lower
education levels, of older age, with lower incomes, or from
racial and ethnic minorities are recognized as UBR populations
[29].

Another demonstration of the effective engagement capabilities
of the DHRP was found in the completion rates of the optional
COVID-19 Pandemic Evaluation (COPE) survey. The COPE
survey was added in response to the COVID-19 pandemic,

which was first confirmed in the United States in January 2020.
The COPE survey was launched in the DHRP in May 2020,
and 6 iterations were developed, modified, and released to
participants through February 2021. A previous study of the
COPE survey showed that the modification of surveys led to a
significant increase (P<.001) in the participant response rate
over 10 months of survey delivery [30]. Overall, completion
rates for the COPE survey among individuals enrolled under
UBR categories showed an increase from 11% in the first survey
to 16% in the final survey. These findings underscore the
significance of using a digital platform able to accommodate
rapid implementation of protocol amendments.

Figure 7. Heat map showing cross-sectional use of CATI by age and education level. CATI: computer-assisted telephone interviewing; GED: General
Educational Development.
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Figure 8. Heat maps showing cross-sectional use of CATI by age and income. CATI: computer-assisted telephone interviewing.
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Figure 9. Heat maps showing cross-sectional use of CATI by age, race, and ethnicity. AIAN: American Indian or Alaska Native; CATI: computer-assisted
telephone interviewing; NHPI: Native Hawaiian or Pacific Islander; MENA: Middle Eastern or North African.

Discussion

Principal Findings
The design and implementation of the DHRP in this study
demonstrates that a DHRP with technical architecture for
participant-focused design can effectively be used to recruit,
engage, and collect longitudinal health data from participants
with geographic, racial, and sociodemographic diversity. The
collaborative, community-informed approach used to develop
the DHRP, combined with validation through UX research,

contributed to its effective design for use in diverse populations
[31]. The participant-centric design of the DHRP may be broadly
applicable to increase community engagement of people from
diverse backgrounds in other research study designs, including
cross-sectional, case-control, and experimental clinical trials
[32].

The principles of generalizability, usability, cultural sensitivity,
and accessibility were consistently implemented throughout the
human-centered design and building of the DHRP for this study
[33]. The diversity of participant users, combined with the high
eConsent completion rates, support the idea that the PXM is,
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in fact, participant friendly, accessible, and usable for various
groups, as intended. The use of the DHRP’s CATI technology
in this study also demonstrates the successful use of digitally
enabled, human-delivered engagement methods to enhance
participation of UBR groups. In this study, CATI enhanced data
collection and increased study completion rates of the SDOH
survey module among people with lower education levels, those
with lower incomes, older people, and those from racial and
ethnic minority groups. This shows that the DHRP can be used
to increase cohort diversity and build trust with UBR groups
[34]. In addition, the increase in engagement demonstrated by
the COPE survey results shows that the researcher tools, RC
and CEB, are integral to facilitating participant engagement
within DHRP. Furthermore, integrating the participant-facing
tool (PXM) with the researcher tools (RC and CEB) in a
containerized manner protected participant autonomy and
privacy, while also maintaining workflow automation and
bidirectional communication between participants and study
staff.

From an engagement perspective, it was important to establish
a standardized eConsent process that was accessible and
comprehensive for all individual platform users regardless of
their geographical location, method of enrollment, preferred
language, educational level, digital literacy, or digital device
used [27]. PXM eConsent modules were successfully used with
high participant informedness demonstrated by high rates of
completion of the formative consent evaluation. Well-designed
and well-delivered eConsent provides transparency to
participants at study initiation and can increase volunteerism,
participant understanding of research, and participant satisfaction
[28]. This can lead to increased trust and future participation in
research among groups historically underrepresented in the field
[27,35]. This result supports the idea that this digital research
platform can enhance the delivery of longitudinal studies and
can be used by participants with different levels of digital
literacy.

Strengths and Limitations
This novel study has several strengths. This demonstration helps
shed light on how digital research platforms, such as the DHRP,
can be effectively used to increase the participation of UBR
groups. The collaborative approach used in the design of the
DHRP ensured the platform was able to meet the needs of people
from various sociodemographic backgrounds and with varying

levels of comfort with digital technology. The comprehensive
design of the DHRP tools appears to have decreased participant
barriers to research participation commonly reported in the
literature [36]. These aspects should be further investigated in
future research.

Although this study has numerous strengths, it also presents
potential limitations. Although the cohort is 8% rural
(n=58,211), it does not fully represent the current US population,
which is 13.8% rural by county definition [37]. This limitation
is a function of the overall AOU research processes that
determine the geographic distribution of participants based on
the availability of local affiliated recruitment sites and is not a
direct limitation of the DHRP itself.

Another possible limitation of this study is the lack of available
data with which to evaluate the use of the DHRP within the
pediatric population. This is a result of the AOU being in its
initial phases of enrolling pediatric participants. Although the
DHRP was designed and built to accommodate the complexities
of consenting, engaging, and collecting data for pediatric
research, we currently do not have adequate data to conduct a
conclusive analysis of the efficacy of the DHRP within this
group. Therefore, we are unable to report on potentially
unforeseen challenges related to the use of the DHRP in
pediatric research, as they have not yet been encountered in this
study.

Conclusion
We created and validated a digital research platform to support
the development of a large, nationwide, community-engaged,
longitudinal cohort study (AOU) of diverse participants from
UBR groups. This study demonstrates the promising potential
of digital platforms to enable the curation, harmonization, and
management of high-volume longitudinal multisource data sets
from diverse populations for precision medicine research. Digital
platforms may provide solutions to researchers who aim to
broaden their catchment area in site-based, decentralized, and
hybrid research methods and support the development of more
diverse research cohorts. With continued development, digital
research platforms, such as the DHRP described here, may lead
to the successful establishment of best approaches to engage
health-disparate, minority, vulnerable, and other UBR
populations into clinical research to broadly improve the overall
health of all communities.

Acknowledgments
We would like to thank all collaborators who contributed to the design and implementation of Vibrent Health’s digital health
research platform. We would also like to acknowledge all participants of the All of Us Research Program. The study was funded
by National Institutes of Health grants (OTA-20-001 and RFA-PM-16-003).

Authors' Contributions
Manuscript concept and design were completed by PJ, DK, MB, and AM in collaboration with All of Us Research Program
stakeholders. Data acquisition was completed by S Sutherland. Data analysis and interpretation was completed by AM and MB.
The manuscript was drafted by AM, DK, MB, and PJ. Manuscript revision was led by AM and completed by all coauthors.
Theoretical support was provided by DK, S Sawyer, JLM, DK, and PJ.

J Med Internet Res 2025 | vol. 27 | e60189 | p. 18https://www.jmir.org/2025/1/e60189
(page number not for citation purposes)

Klein et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conflicts of Interest
MB, AM, DK, S Sutherland, DJ, AA, MP, and PJ are employees of Vibrent Health, Inc. MB, S Sawyer, JLM, DK, and PJ are
affiliated with the All of Us Research Program.

References

1. Caruana EJ, Roman M, Hernández-Sánchez J, Solli P. Longitudinal studies. J Thorac Dis. Nov 2015;7(11):E537-E540.
[FREE Full text] [doi: 10.3978/j.issn.2072-1439.2015.10.63] [Medline: 26716051]

2. Popejoy AB, Fullerton SM. Genomics is failing on diversity. Nature. Oct 13, 2016;538(7624):161-164. [FREE Full text]
[doi: 10.1038/538161a] [Medline: 27734877]

3. Allison K, Patel D, Kaur R. Assessing multiple factors affecting minority participation in clinical trials: development of
the Clinical Trials Participation Barriers Survey. Cureus. Apr 2022;14(4):e24424. [FREE Full text] [doi:
10.7759/cureus.24424] [Medline: 35637812]

4. Hamel LM, Penner LA, Albrecht TL, Heath E, Gwede CK, Eggly S. Barriers to clinical trial enrollment in racial and ethnic
minority patients with cancer. Cancer Control. Oct 2016;23(4):327-337. [FREE Full text] [doi: 10.1177/107327481602300404]
[Medline: 27842322]

5. Ejiogu N, Norbeck JH, Mason MA, Cromwell BC, Zonderman AB, Evans MK. Recruitment and retention strategies for
minority or poor clinical research participants: lessons from the Healthy Aging in Neighborhoods of Diversity across the
Life Span study. Gerontologist. Jun 2011;51 Suppl 1(Suppl 1):S33-S45. [FREE Full text] [doi: 10.1093/geront/gnr027]
[Medline: 21565817]

6. Allmark P. Should research samples reflect the diversity of the population? J Med Ethics. Apr 2004;30(2):185-189. [FREE
Full text] [doi: 10.1136/jme.2003.004374] [Medline: 15082815]

7. Gross AS, Harry AC, Clifton CS, Della Pasqua O. Clinical trial diversity: an opportunity for improved insight into the
determinants of variability in drug response. Br J Clin Pharmacol. Jun 17, 2022;88(6):2700-2717. [FREE Full text] [doi:
10.1111/bcp.15242] [Medline: 35088432]

8. Clark LT, Watkins L, Piña IL, Elmer M, Akinboboye O, Gorham M, et al. Increasing diversity in clinical trials: overcoming
critical barriers. Curr Probl Cardiol. May 2019;44(5):148-172. [FREE Full text] [doi: 10.1016/j.cpcardiol.2018.11.002]
[Medline: 30545650]

9. McConnell MV, Shcherbina A, Pavlovic A, Homburger JR, Goldfeder RL, Waggot D, et al. Feasibility of obtaining measures
of lifestyle from a smartphone app: the MyHeart Counts Cardiovascular Health Study. JAMA Cardiol. Jan 01,
2017;2(1):67-76. [doi: 10.1001/jamacardio.2016.4395] [Medline: 27973671]

10. Spartano NL, Lin H, Sun F, Lunetta KL, Trinquart L, Valentino M, et al. Comparison of on-site versus remote mobile
device support in the Framingham Heart Study using the Health eHeart Study for Digital Follow-up: randomized pilot study
set within an observational study design. JMIR Mhealth Uhealth. Sep 30, 2019;7(9):e13238. [FREE Full text] [doi:
10.2196/13238] [Medline: 31573928]

11. Hwang DA, Lee A, Song JM, Han H. Recruitment and retention strategies among racial and ethnic minorities in web-based
intervention trials: retrospective qualitative analysis. J Med Internet Res. Jul 12, 2021;23(7):e23959. [FREE Full text] [doi:
10.2196/23959] [Medline: 34255658]

12. Dockendorf MF, Hansen BJ, Bateman KP, Moyer M, Shah JK, Shipley LA. Digitally enabled, patient-centric clinical trials:
shifting the drug development paradigm. Clin Transl Sci. Mar 2021;14(2):445-459. [FREE Full text] [doi: 10.1111/cts.12910]
[Medline: 33048475]

13. Greenhalgh T, Wherton J, Papoutsi C, Lynch J, Hughes G, A'Court C, et al. Beyond adoption: a new framework for theorizing
and evaluating nonadoption, abandonment, and challenges to the scale-up, spread, and sustainability of health and care
technologies. J Med Internet Res. Nov 01, 2017;19(11):e367. [FREE Full text] [doi: 10.2196/jmir.8775] [Medline: 29092808]

14. Nebeker C, Murray K, Holub C, Haughton J, Arredondo EM. Acceptance of mobile health in communities underrepresented
in biomedical research: barriers and ethical considerations for scientists. JMIR Mhealth Uhealth. Jun 28, 2017;5(6):e87.
[FREE Full text] [doi: 10.2196/mhealth.6494] [Medline: 28659258]

15. All of Us Research Program Investigators, Denny JC, Rutter JL, Goldstein DB, Philippakis A, Smoller JW, et al. The "All
of Us" Research Program. N Engl J Med. Aug 15, 2019;381(7):668-676. [FREE Full text] [doi: 10.1056/NEJMsr1809937]
[Medline: 31412182]

16. Armenta A, Serrano A, Cabrera M, Conte R. The new digital divide: the confluence of broadband penetration, sustainable
development, technology adoption and community participation. Inf Technol Dev. Oct 17, 2011;18(4):345-353. [doi:
10.1080/02681102.2011.625925]

17. Anderson-Lewis C, Darville G, Mercado RE, Howell S, Di Maggio S. mHealth technology use and implications in historically
underserved and minority populations in the United States: systematic literature review. JMIR Mhealth Uhealth. Jun 18,
2018;6(6):e128. [FREE Full text] [doi: 10.2196/mhealth.8383] [Medline: 29914860]

18. Mapes BM, Foster CS, Kusnoor SV, Epelbaum MI, AuYoung M, Jenkins G, et al. All of Us Research Program. Diversity
and inclusion for the All of Us research program: a scoping review. PLoS One. 2020;15(7):e0234962. [FREE Full text]
[doi: 10.1371/journal.pone.0234962] [Medline: 32609747]

J Med Internet Res 2025 | vol. 27 | e60189 | p. 19https://www.jmir.org/2025/1/e60189
(page number not for citation purposes)

Klein et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/26716051
http://dx.doi.org/10.3978/j.issn.2072-1439.2015.10.63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26716051&dopt=Abstract
https://europepmc.org/abstract/MED/27734877
http://dx.doi.org/10.1038/538161a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27734877&dopt=Abstract
https://europepmc.org/abstract/MED/35637812
http://dx.doi.org/10.7759/cureus.24424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35637812&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/107327481602300404?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/107327481602300404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27842322&dopt=Abstract
https://europepmc.org/abstract/MED/21565817
http://dx.doi.org/10.1093/geront/gnr027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21565817&dopt=Abstract
https://europepmc.org/abstract/MED/15082815
https://europepmc.org/abstract/MED/15082815
http://dx.doi.org/10.1136/jme.2003.004374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15082815&dopt=Abstract
https://europepmc.org/abstract/MED/35088432
http://dx.doi.org/10.1111/bcp.15242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35088432&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0146-2806(18)30188-9
http://dx.doi.org/10.1016/j.cpcardiol.2018.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30545650&dopt=Abstract
http://dx.doi.org/10.1001/jamacardio.2016.4395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27973671&dopt=Abstract
https://mhealth.jmir.org/2019/9/e13238/
http://dx.doi.org/10.2196/13238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573928&dopt=Abstract
https://www.jmir.org/2021/7/e23959/
http://dx.doi.org/10.2196/23959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255658&dopt=Abstract
https://europepmc.org/abstract/MED/33048475
http://dx.doi.org/10.1111/cts.12910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048475&dopt=Abstract
https://www.jmir.org/2017/11/e367/
http://dx.doi.org/10.2196/jmir.8775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29092808&dopt=Abstract
http://mhealth.jmir.org/2017/6/e87/
http://dx.doi.org/10.2196/mhealth.6494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28659258&dopt=Abstract
https://europepmc.org/abstract/MED/31412182
http://dx.doi.org/10.1056/NEJMsr1809937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31412182&dopt=Abstract
http://dx.doi.org/10.1080/02681102.2011.625925
https://mhealth.jmir.org/2018/6/e128/
http://dx.doi.org/10.2196/mhealth.8383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29914860&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0234962
http://dx.doi.org/10.1371/journal.pone.0234962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32609747&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Ghadessi M, Di J, Wang C, Toyoizumi K, Shao N, Mei C, et al. Decentralized clinical trials and rare diseases: a Drug
Information Association Innovative Design Scientific Working Group (DIA-IDSWG) perspective. Orphanet J Rare Dis.
Apr 11, 2023;18(1):79. [FREE Full text] [doi: 10.1186/s13023-023-02693-7] [Medline: 37041605]

20. Nijhawan LP, Janodia MD, Muddukrishna BS, Bhat KM, Bairy KL, Udupa N, et al. Informed consent: issues and challenges.
J Adv Pharm Technol Res. Jul 2013;4(3):134-140. [FREE Full text] [doi: 10.4103/2231-4040.116779] [Medline: 24083200]

21. All of Us Research Program overview. National Institutes of Health. URL: https://allofus.nih.gov/about/program-overview
[accessed 2024-12-05]

22. Doerr M, Grayson S, Moore S, Suver C, Wilbankson J, Wagner J. Implementing a universal informed consent process for
the All of Us Research Program. Biocomputing. 2019;2018:427-438. [doi: 10.1142/9789813279827_0039]

23. Participant Technology Systems Center. National Institutes of Health. URL: https://allofus.nih.gov/
funding-and-program-partners/participant-technology-systems-center [accessed 2024-04-21]

24. Casalicchio E, Iannucci S. The state‐of‐the‐art in container technologies: application, orchestration and security.
Concurrency Comput. Jan 19, 2020;32(17):e5668. [doi: 10.1002/cpe.5668]

25. All of Us Research Program protocol. National Institutes of Health. URL: https://allofus.nih.gov/about/
all-us-research-program-protocol [accessed 2024-07-16]

26. All of Us Research Program. National Institutes of Health. URL: https://www.joinallofus.org/ [accessed 2024-05-01]
27. Doerr M, Moore S, Barone V, Sutherland S, Bot BM, Suver C, et al. Assessment of the All of Us research program’s

informed consent process. AJOB Empir Bioeth. Dec 04, 2021;12(2):72-83. [doi: 10.1080/23294515.2020.1847214] [Medline:
33275082]

28. Earl CE, Penney PJ. The significance of trust in the research consent process with African Americans. West J Nurs Res.
Nov 01, 2001;23(7):753-762. [doi: 10.1177/01939450122045528] [Medline: 11675799]

29. Notice of NIH's interest in diversity (NOT-OD-20-031). National Institutes of Health. Nov 22, 2019. URL: https://grants.
nih.gov/grants/guide/notice-files/NOT-OD-20-031.html [accessed 2024-12-05]

30. Schulkey CE, Litwin TR, Ellsworth G, Sansbury H, Ahmedani BK, Choi KW, et al. Design and implementation of the All
of Us Research Program COVID-19 Participant Experience (COPE) Survey. Am J Epidemiol. Jun 02, 2023;192(6):972-986.
[FREE Full text] [doi: 10.1093/aje/kwad035] [Medline: 36799620]

31. Skarlatidou A, Ponti M, Sprinks J, Nold C, Haklay M, Kanjo E. User experience of digital technologies in citizen science.
JCOM. 2019;18(01):E. [FREE Full text] [doi: 10.22323/2.18010501]

32. Guarino J, Parvanova I, Finkelstein J. Characteristics of electronic informed consent platforms for consenting patients to
research studies: a scoping review. Stud Health Technol Inform. Jun 06, 2022;290:777-781. [FREE Full text] [doi:
10.3233/SHTI220184] [Medline: 35673123]

33. Chen E, Leos C, Kowitt SD, Moracco KE. Enhancing community-based participatory research through human-centered
design strategies. Health Promot Pract. Jan 2020;21(1):37-48. [doi: 10.1177/1524839919850557] [Medline: 31131633]

34. Peterson R, Hedden SL, Seo I, Palacios VY, Clark EC, Begale M, et al. Rethinking data collection methods during the
pandemic: development and implementation of CATI for the All of Us Research Program. J Public Health Manag Pract.
2024;30(2):195-199. [doi: 10.1097/PHH.0000000000001846] [Medline: 38271102]

35. Tan RKJ, Wu D, Day S, Zhao Y, Larson HJ, Sylvia S, et al. Digital approaches to enhancing community engagement in
clinical trials. NPJ Digit Med. Mar 25, 2022;5(1):37. [FREE Full text] [doi: 10.1038/s41746-022-00581-1] [Medline:
35338241]

36. Heffernan ME, Barrera L, Guzman ZR, Golbeck E, Jedraszko AM, Hays PT, et al. Barriers and facilitators to recruitment
of underrepresented research participants: perspectives of clinical research coordinators. J Clin Transl Sci. 2023;7(1):e193.
[FREE Full text] [doi: 10.1017/cts.2023.611] [Medline: 37745931]

37. Davis JC, Cromartie J, Farrigan T, Genetin B, Sanders A, Winikoff JB. Rural America at a glance. U.S. Department of
Agriculture. Nov 2023. URL: https://search.nal.usda.gov/discovery/
fulldisplay?context=L&vid=01NAL_INST:MAIN&docid=alma9916413333507426 [accessed 2024-11-30]

Abbreviations
AOU: All of Us Research Program
CAB: community advisory board
CATI: computer-assisted telephone interviewing
CEB: Community Engagement Builder
COPE: COVID-19 Pandemic Evaluation
COTS: commercial-off-the-shelf services
DHRP: digital health research platform
DX: Data Explorer
eConsent: electronic informed consent
EHR: electronic health record
FHIR: fast health care interoperability resource

J Med Internet Res 2025 | vol. 27 | e60189 | p. 20https://www.jmir.org/2025/1/e60189
(page number not for citation purposes)

Klein et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://ojrd.biomedcentral.com/articles/10.1186/s13023-023-02693-7
http://dx.doi.org/10.1186/s13023-023-02693-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37041605&dopt=Abstract
https://europepmc.org/abstract/MED/24083200
http://dx.doi.org/10.4103/2231-4040.116779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24083200&dopt=Abstract
https://allofus.nih.gov/about/program-overview
http://dx.doi.org/10.1142/9789813279827_0039
https://allofus.nih.gov/funding-and-program-partners/participant-technology-systems-center
https://allofus.nih.gov/funding-and-program-partners/participant-technology-systems-center
http://dx.doi.org/10.1002/cpe.5668
https://allofus.nih.gov/about/all-us-research-program-protocol
https://allofus.nih.gov/about/all-us-research-program-protocol
https://www.joinallofus.org/
http://dx.doi.org/10.1080/23294515.2020.1847214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33275082&dopt=Abstract
http://dx.doi.org/10.1177/01939450122045528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11675799&dopt=Abstract
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-20-031.html
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-20-031.html
https://europepmc.org/abstract/MED/36799620
http://dx.doi.org/10.1093/aje/kwad035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36799620&dopt=Abstract
https://doi.org/10.22323/2.18010501
http://dx.doi.org/10.22323/2.18010501
https://doi.org/10.3233/SHTI220184
http://dx.doi.org/10.3233/SHTI220184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35673123&dopt=Abstract
http://dx.doi.org/10.1177/1524839919850557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31131633&dopt=Abstract
http://dx.doi.org/10.1097/PHH.0000000000001846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38271102&dopt=Abstract
https://doi.org/10.1038/s41746-022-00581-1
http://dx.doi.org/10.1038/s41746-022-00581-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35338241&dopt=Abstract
https://europepmc.org/abstract/MED/37745931
http://dx.doi.org/10.1017/cts.2023.611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37745931&dopt=Abstract
https://search.nal.usda.gov/discovery/fulldisplay?context=L&vid=01NAL_INST:MAIN&docid=alma9916413333507426
https://search.nal.usda.gov/discovery/fulldisplay?context=L&vid=01NAL_INST:MAIN&docid=alma9916413333507426
http://www.w3.org/Style/XSL
http://www.renderx.com/


HPO: health care provider organization
NIH: National Institutes of Health
NIST: National Institute of Standards and Technology
PXM: Participant Experience Manager
RC: Research Cloud
SDLC: software development life cycle
SDOH: Social Determinants of Health
UBR: underrepresented in biomedical research
UX: user experience

Edited by G Eysenbach; submitted 03.05.24; peer-reviewed by Y Zhang, S Rasania, L Guo; comments to author 05.07.24; revised
version received 13.08.24; accepted 25.11.24; published 15.01.25

Please cite as:
Klein D, Montgomery A, Begale M, Sutherland S, Sawyer S, McCauley JL, Husbands L, Joshi D, Ashbeck A, Palmer M, Jain P
Building a Digital Health Research Platform to Enable Recruitment, Enrollment, Data Collection, and Follow-Up for a Highly Diverse
Longitudinal US Cohort of 1 Million People in the All of Us Research Program: Design and Implementation Study
J Med Internet Res 2025;27:e60189
URL: https://www.jmir.org/2025/1/e60189
doi: 10.2196/60189
PMID:

©Dave Klein, Aisha Montgomery, Mark Begale, Scott Sutherland, Sherilyn Sawyer, Jacob L McCauley, Letheshia Husbands,
Deepti Joshi, Alan Ashbeck, Marcy Palmer, Praduman Jain. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 15.01.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly
cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright
and license information must be included.

J Med Internet Res 2025 | vol. 27 | e60189 | p. 21https://www.jmir.org/2025/1/e60189
(page number not for citation purposes)

Klein et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2025/1/e60189
http://dx.doi.org/10.2196/60189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

