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Abstract

Digital health—enabled community-centered care (D-CCC) represents a pioneering vision for the future of community-centered
care. D-CCC aims to support and amplify the digital footprint of community health workers through a novel artificial
intelligence—enabled closed-loop digital health platform designed for, and with, community health workers. By focusing
digitalization at the level of the community health worker, D-CCC enables more timely, supported, and individualized community
health worker—delivered interventions. D-CCC has the potential to move community-centered care into an expanded, digitally
interconnected, and collaborative community-centered health and social care ecosystem of the future, grounded within a robust
and digitally empowered community health workforce.
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: Development Department, for example, project that an additional
Introduction 200,000 CHWs will be needed by 2024 to maintain current
Background levels of coverage for home care services [4]. As the COVID-19

pandemic continues to amplify health and social support needs
globally, a rapid expansion of the CHW footprint is critically
needed to prevent unmet needs from escalating into expensive
medical crises, particularly in vulnerable communities [5].

Recent global health trends are necessitating a shift away from
a patient-centered medical care system to an upstream health
promotion approach that meets the health and social needs of
individuals in the communities where they live [1]. A

community-centered health and social care ecosystem, supported
by a robust community health worker (CHW) workforce, aligns
with this needed paradigm shift [1]. Throughout the United
States, states are looking to build their CHW workforces and
launch CHW initiatives as an alternative assistance to registered
health care professionals to extend the reach of home-delivered
services [2,3]. Recent data from the California Employment
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However, scaling the current community-centered care (CCC)
model (Figure 1A) in a cost-effective manner while preserving
the highly contextual and individualized care delivered by
CHWs remains challenging. Increasing use of digital
technologies within the CCC model demonstrate potential to
expand the CHW footprint; however, existing digital
technologies lack integration. In this paper, we present digital
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health—enabled CCC (D-CCC) as an improved model to move
CCC into the future. Through integrating future digital health
technologies, the future CHW workforce, and the future health

Rodrigues et al

and social care needs of communities, D-CCC aims to connect
the most vulnerable individuals within communities to needed
health and social services.

Figure 1. (A) The current community-centered care model. (B) The proposed digital health—enabled community-centered care model. CHW: community

health worker; MD: medical doctor.
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CHWs as Vital Bridges

CHWs are lay members of the community whose in-depth
understanding of community culture and language uniquely
positions them to provide culturally appropriate health-related
services and support to the community [6]. Through shared
lived experience and deep familiarity with social networks and
community resources, CHWs serve as vital bridges between
vulnerable communities and health systems, connecting
community members to critical information, resources, and
services [6,7].

CHWs work in a variety of settings—from nonprofit
community-based organizations to government agencies and
health care systems [7,8]—and range from formal, salaried
employees to informal, volunteer-based community educators
[9,10]. Just as the activities and roles of CHWs are tailored to
the unique health needs of the communities they serve [11],
CHWs operate under a diverse set of titles, including but not
limited to promotoras, community lay workers, outreach
educators, peer support workers, home visitors, and community
health volunteers [12]. In this paper we use CHW as an umbrella
term intended to broadly capture the rich diversity of roles and
titles held by this vital frontline workforce [6].

As trusted members of the community, CHWs are critically
positioned to support vulnerable patient populations [13] and
serve as agents of change by helping to reduce health disparities
in underserved communities [ 14]. Documented positive impacts
of CHWSs include health promotion, improved patient
engagement, support with adherence to treatment, improved
referrals and access to care, financial return on investment, and
improved quality of care and health outcomes [7].
CHW-delivered sociobehavioral interventions have
demonstrated efficacy in improving health outcomes in chronic
disease and noncommunicable disease (NCD) care and
management [15], including cancer [16], diabetes [17-23],
asthma [24,25], cardiovascular disease [26], multiple medical
comorbidities [27], and mental health [28,29]. CHW-delivered
interventions have demonstrated efficacy in reducing
hospitalization and rehospitalization rates [27,30-32], and CHWs
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have proven to be powerful drivers of decreased health care
costs, particularly among patients with high starting health care
costs and underserved and minority populations [15,17,33,34].
The efficacy of CHWs lies in their close connection to the
community, ability to influence client behaviors, and effective
interaction with the larger health care team [34-36].

Recent global health trends (including the growing burden of
chronic diseases and NCDs), a focus on social determinants of
health and health equity, and lessons learned from the
COVID-19 pandemic are necessitating a shift away from a
patient-centered medical care system toward an upstream health
promotion approach that meets the health and social needs of
individuals in the communities where they live [1]. In place of
the traditionally siloed existence of medicine, public health, and
mental health [37], a community-centered health and social care
ecosystem, supported by a robust CHW workforce, will be
critical to realizing this shift [1] and preventing unmet needs
from escalating into expensive medical crises [5].

The Current Use of Digital Technologies
in CCC

Overview

Most CHWs operate within a facility-based CCC model (Figure
1A) [38]. Under the CCC model, a relatively smaller number
of facility-based supervisors (most often registered health care
professionals such as public health nurses, midwives, and
community health officers) [38] supervise a relatively larger
number of CHWs who, in turn, provide culturally tailored,
language-appropriate, and individualized care to a yet larger
number of clients. Although this pyramidal care model has
demonstrated improved health outcomes and cost savings
[27,32], scaling this model in a cost-effective manner while
preserving the highly contextual and individually tailored care
provided by CHWSs remains challenging. Facility-based
supervisors who themselves typically shoulder a heavy workload
may additionally lack the time needed to provide supportive
supervision to CHWs [38], resulting in lower quality of
supervision [39] and strained CHW-supervisor relationships
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[40]. However, the recent incorporation of digital health
technologies into the existing CCC model is demonstrating
potential for expanding the CHW footprint and improving CHW
support and supervision. Existing digital technologies are
discussed in the following section.

Current Digital Technologies Used in CCC

The use of digital technologies has recently been increasing
among CCC organizations and is demonstrating potential to
enhance CHWs’ reach and diffusion of health information within
communities [6,41,42]. In their scoping review of the use of
mobile health (mHealth) technologies and interventions among
CHWs globally, Early et al [6] highlighted some key benefits
and challenges. Benefits included promotion of health equity;
reduced time to diagnosis; extension of health information and
services to diverse areas; improved adherence to treatment plans;
increased self-efficacy of patients and CHWs; and improved
attitudes of, and toward, CHWs and their role [6]. Challenges
included a lack of evaluation of mHealth outcomes; development
of mHealth tools and apps without cultural relevance; lack of
access to, and knowledge of, mobile technologies within
communities; need for effective training for CHWs to adopt
mHealth tools; and need for improved communication among
health care teams working with CHWs [6]. Similarly, in their
narrative review of the literature, Mishra et al [11] identified
key benefits and challenges to incorporating digitalization into
CHW practice. Benefits included improved access and quality
of services, increased efficiency in training and personnel
management, and leveraging of data generated across grassroots
platforms to further research and evaluation [11]. Challenges
included funding for CHW programs; digital health literacy of
CHWs; and systemic challenges related to motivating CHWs,
including adequate CHW supervision [11].

Digital platforms currently used by CHWs within CCC-based
organizations include mobile-based networking devices, web
applications, videoconference, and mobile apps [11]. CHWs
may use mobile phones, tablets, and other digital devices [43]
in a task-specific manner (eg, digital blood pressure [BP]
monitoring devices, glucometers, and spirometers) [11,44].
Digital alerts, reminders, notifications, checklists, and decision
support tools may be used to facilitate compliance with protocols
and improve the quality of CHW-delivered care [11,45]. In
addition, although continuous monitoring of physiological
parameters (eg, heart rate) has typically been available only in
clinical settings because of the need for special equipment and
medical expertise, the development of relatively low-cost,
nonintrusive sensors present increased opportunities to enable
ubiquitous home monitoring of clients’ health and well-being.
Current remote sensors distributed and managed by CHWs
enable remote monitoring of electrocardiogram (ECG; eg,
KardiaMobile [AliveCor]), BP (eg, Evolv [Omron]), blood
glucose level, and physical activity [11]. Digital platforms are
also being used to facilitate and augment CHW training and
supervision [11,46,47] and to provide electronic decision support
[11]. Digital platforms that support CHW-CHW communication
and collaboration (eg, informal groups and learning networks
[48-52]) may provide positive psychological benefits to care
workers [50] as well as enable CHWs to exchange information
and pose questions to peers [11,53]. Digitalization also presents
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increasing opportunities for data collection and analysis [11],
allowing for critically needed outcome evaluation of
CHW-delivered interventions and increasing opportunities for
key CHW-focused policy advocacy. However, large-scale data
acquisition, preprocessing, and validation for intelligent
decision-making remain key challenges with existing methods.
Limitations with current approaches are discussed in the
following section.

Limitations of the Current Approaches

Although current digital technologies are demonstrating the
potential to strengthen CHW capacity and quality of care
[54-56], existing digital technologies targeted for use by CHWs
lack integration. The current lack of ubiquitous, closed-loop
monitoring and intervention within the CCC model restricts
technologies used by CHWs to a passive, episodic, and reactive
approach to client monitoring, education, and supportive care.
CHWs engaged in NCD management and monitoring, for
example, may typically provide infrequent (eg, monthly) home
visits and rely on their own episodic observations and
client-reported symptoms to inform care, direct education, or
make referral decisions. However, direct CHW observation and
client reporting of symptoms reveal only episodic snapshots of
overall client physical and mental health and lifestyle. Under
the CCC model, CHWs rely upon accurate reporting of health
symptoms by the client or client caregivers (typically family
members) [57] and must also rapidly synthesize their own
observations with this information to decide an appropriate
course of action (eg, educate, refer, recheck, or call for
immediate medical assistance). This places a large burden of
responsibility on the CHW, who must synthesize a large amount
of information in a short span of time, as well as on the client
or caregiver, who must accurately and honestly appraise and
report their experiences to the CHW [57]. An integrated,
intelligent, and automated closed-loop platform may improve
upon this current model of care while maximally amplifying
and expanding the CHW footprint within communities.

A New Model: D-CCC

Overview

We propose D-CCC as an improved model to move CCC into
the future. Design conceptualization for the D-CCC model
reflects a multidisciplinary collaboration among nursing,
computer science, engineering, and human-computer interaction
experts composing the D-CCC team. D-CCC constitutes a novel
integrated, intelligent, and automated closed-loop technology
platform designed for, and with, CHWs. By targeting the
human-technology partnership at the level of the CHW, D-CCC
aims to amplify human connection and collaboration while
maximally expanding the CHW footprint within communities.
By including development of personal models unique to each
client, holistically represented within a high-dimensional cover
of multiple knowledge layers, D-CCC additionally allows for
an increased level of contextual and individualized care
delivered by CHWs.
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The D-CCC Model

The D-CCC model transforms manual and restricted aspects of
CHW work into a scalable, digital, and intelligently automated
space. By expanding CHW-client communication and CHW
collaboration, supervision, and support, D-CCC aims to increase
the quality of services delivered, in terms of personalization,
cultural appropriateness, and timeliness. Through smart
supervision, D-CCC may enable CCC organizations to employ
and supervise a larger group of CHWs with the same number
of CHW supervisors. A central aim of the D-CCC model is to
expand the CHW footprint by enabling CHWs to serve a larger
volume of clients or to provide more services to each client
while critically striving to avoid increasing undue burden on
this vital frontline workforce. Through automation of manual
tasks; improved communication and connections between CHW's
and clients, among CHWs, and between CHW:s and supervisors;
and increased modalities for ongoing education and training,
D-CCC also aims to empower CHWs and improve worker
experience.

Figure 1A illustrates the current CCC model. This model lacks
integrated digitalization among fiers of care delivery and is
additionally limited by unilateral communication and poor
scalability. In comparison, Figure 1B illustrates the D-CCC
model, which addresses these limitations and amplifies the
CHW footprint by increasing CHW-client, CHW-CHW, and
CHW-supervisor communication and collaboration. D-CCC
constitutes a human-technology partnership integrating CHWs,
supervisors, and clients through a scalable digital medium and
aims to improve the efficiency and quality of care delivery.
Through an intelligent and scalable artificial intelligence (AI)
loop, D-CCC brings critical stakeholders under a unified
communication, collaboration, education and training, and care
delivery model.

D-CCC’s Al-Enabled Closed-loop Health Platform

As CHW s occupy a variety of roles within communities and as
CHW-delivered interventions and target outcomes vary
according to the client populations served, a one-size-fits-all
platform design will not be successful in empowering this
diverse frontline workforce. D-CCC design must therefore be
modular and allow for ongoing adaptability and flexibility. As
cultural and contextual needs will vary according to the
populations served, D-CCC design must also allow for
portability across diverse communities, including translation
and transferability to different languages spoken in local
communities.

The D-CCC platform is designed to meet the diverse needs of
different stakeholders, including clients, CHWs, and registered
providers (RPs), and to handle diverse aspects such as
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communication among stakeholders, data collection and
analysis, training and education, and autonomous and intelligent
decision-making.

The D-CCC platform design is built on the following modules:

1. Multichannel stakeholders module: This module comprises
the stakeholders who are interacting through different
communication  channels (including client-CHW,
CHW-CHW, and CHW-supervisor) and enables the smart
communication aspects of D-CCC.

2. Monitoring module: This module enables continuous
monitoring and updating of physiological and contextual
information collected both subjectively and objectively.

3. Health estimation module: This module enables ongoing
analysis of the data collected from clients (through the
monitor module, CHWs, and medical history) to determine
client health status in real time.

4. Knowledge base module: This module manages the storage,
access, and retrieval of built knowledge based upon data
collected from clients, CHWs, and supervisors to enable
personalized model building.

5. Personal models module: This module builds cognitive
learning models from client physiological and contextual
data to provide autonomous intelligent decisions for
intervention recommendations individually tailored for each

client.
6. Smart recommendation module: This module autonomously
predicts appropriate  health care and lifestyle

recommendations for clients leveraging their personalized
models. Recommendations may be delivered to CHWs or
directly to clients, according to context and risk level.

7. Smart supervision module: This module supports RPs in
supervising CHWs in specific areas determined through
automating repetitive tasks and reflecting on personal
models and the knowledge base.

8. Smart assistance module: This module improves quality of
health care services by supporting CHWs making
interventional, educational, or procedural decisions in the
field.

9. Smart training module: This module provides training for
CHWSs to learn new digital technologies and enables
web-based training modules to augment traditional,
in-person methods of CHW training and education.

As shown in Figure 2, D-CCC’s Al-enabled platform critically
integrates these modules to create a holistic and data-driven
approach to connect clients, CHWs, and supervisors in a
continuous loop of measurement, estimation, guidance, and
influence. Each module is further described in the following
sections.
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Figure 2. The digital health—enabled community-centered care model’s artificial intelligence (Al)-enabled cybernetic platform. CHW: community

health worker.
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Multichannel Stakeholders Module

The D-CCC model critically enables multi-way communication
among key stakeholders involved in CCC delivery networks
through digital communication channels. Figure 2 shows the
different combinations of multi-way communication channels
among clients, CHWs, and supervisors, which can be further
classified into the following communication channels:

1. Client-CHW channel: This is the point of communication
between clients and CHWSs. As a baseline, each client is
assigned a CHW who is responsible for providing
community health-related services. Traditionally, the
client-CHW interaction is scheduled over fixed time
windows or on demand, subject to the client’s needs.
D-CCC transforms this into a continuous interaction, and
the digital communication medium may be made available
to all clients served.
CHW-supervisor channel: This is the point of
communication between CHWSs and supervisors. As a
baseline, each CHW has a supervisor assigned for
supervision and feedback. As service delivery demands
change, CHW supervision can be extended to include
additional supervisors (eg, RPs) with expertise in different
areas of care. D-CCC transforms CHW supervision to an
on-demand, real-time interaction through the digital
medium.

3. CHW-CHW channel: This is the point of communication
among CHWSs. Communication and collaboration among
CHWs promote knowledge transfer and exchange of
information, which may be adapted to different
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community-specific challenges as needed. D-CCC
transforms CHW-CHW communication into an on-demand,
real-time interaction through the digital medium.

Monitoring Module

This module is responsible for continuous monitoring of client
physiological signs, contextual information, lifelogs, surveys,
and ecological momentary assessments. State-of-the-art
wearable (eg, smart rings, watches, and patches), portable (eg,
smart ECG sensors, stethoscopes, and BP monitors) and
stationary sensors (eg, smart beds and fall detection cameras)
as well as mHealth (smartphone-based) solutions enable
ubiquitous monitoring. D-CCC transforms the current landscape
of disparately monitored parameters by providing a central
collection point from which subsequent data integration and
synthesis enable provision of smart recommendations and
assistance to key stakeholders.

Health Estimation Module

This module is responsible for determining the health status of
the client. High-dimensional and holistic information collected
and processed by this module identifies the client health state
in real time. Each client is unique and presents multiple
possibilities of health states. A key functionality of this module
is to process different modalities to properly estimate health
variables in different dimensions. For each client, this module
holds a health status that is deemed to be safe, termed the client’s
desired state. This module continuously estimates the current
state (ie, client’s current health status) and compares the current
state with the desired state to estimate the overall health safety
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of the client. Client health status as determined by this module
assists in building personal models and guides decision-making
by recommendation engines.

Knowledge Base Module

This module consists of CCC-related facts, information, and
skills acquired through past experience of different stakeholders
(CHWs, supervisors, and clients), as well as theoretical or
practical knowledge available in the CCC field. This module
continuously learns and updates its knowledge based on new
inputs extracted from the data generated by the entire pool of
clients, CHWs, and supervisors. The knowledge base formulates
knowledge graphs that represent different meaningful
connections between cause-action pairs to develop a general
consensus. For example, specific readings in physiological data
can be connected to specific health criticality. The knowledge

Figure 3. Deployment pipeline for personalized models.
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Personal Models Module

This module builds analytical models for intelligent
decision-making tailored to a specific individual based on a
predictive, preventive, personalized, and participatory (P4) [58]
approach to health care. The P4 approach holds that each
individual constitutes a biological system that responds
differently to different inputs [58]. To build an approach that
makes P4 a persistent action to guide CHWs and clients, it is
important to estimate and build a personal model of each client.
In many areas relevant to personalization, a model is built by
collecting data in the context of the application. Examples of
this approach include Google, Facebook, Amazon, and Netflix,
which generate personalized recommendations using models
built for each individual when they interact with different
applications on the platforms. The D-CCC personal models
module relies on the physiological parameters, context, and
health status data of each client collected by the monitoring
module and the health estimation module. A variety of methods,
such as machine learning, can be used for data analysis and
cognitive modeling for autonomous decision-making. Figure 3
shows the deployment pipeline of individual learning models
and person-specific input data to generate personal models. In
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graphs will form the basis for developing population models
that guide personal model development. Thus, the knowledge
base implicitly enables reuse of key insights from a specific
individual to develop comprehensive personal models for other
individuals. Figure 3 illustrates the pipeline of deploying a
generic learning analytics model, which can be updated with
person-specific information to generate personalized models.
Each client’s data include physiological parameters monitored
continuously and contextual information associated with each
instance of lifelogging, as well as intervention procedures
performed in the past and health estimation logs. Each CHW’s
data include the list of assigned clients, log of interventions
performed per client, and effectiveness of these interventions,
as well as supervision and training provided by supervisors.
This module guides the building of learning analytics and
cognitive models in the subsequent modules.

Updates
Person-specific Population
inputs models
Iterative
web-based | Deployment
training
Personal

models

the preprocessing phase, input data from different modalities
are filtered to remove noisy components and motion artifacts.
We use collaborative filtering to handle missing values from
the data set of a specific modality by complementing the missing
data with insightful information from other modalities. In the
iterative web-based training phase, each modality of input data
sets is used to train a suitable learning model that fits the
corresponding modality. The trained models that are deployed
in the initial phase are continuously updated with the iterative
web-based training. From the knowledge base, we also create
population models that contain heuristics to formulate rules for
updating trained models with generalized person-specific inputs.
As we collect person-specific data, the trained models are
updated with these person-specific inputs to generate the
personal models. The personal models are updated with new
person-specific inputs every 6 months. As shown in Figure 2,
we divide personalized modeling into three submodules, as
described in the following paragraphs:

1. Medical and physiological profile: This submodule builds
a personalized medical and physiological model for each
client from the physiological data and health status estimate.
This creates a baseline for each client’s health status and
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provides an intuition on determining the relative health
safety under the current conditions. For example, although
two clients, A and B, may have a history of the same
condition, the specific health status of client A can be
perceived as more alarming than that of client B based upon
their personalized medical and physiological profiles.

2. Behavioral and psychological profile: This submodule
builds a personalized behavioral and psychological model
for each client from contextual data. This creates an
insightful perspective on each client’s health status and
their response to interventions under specific circumstances.
For example, a situation where two clients, A and B, have
the same health status but different contexts would call for
different intervention responses (eg, education or referral
procedures). This allows CHWs to choose among actions
that are customized to both the client’s physiological status
and their context.

3. Guidance history: This submodule logs the past health
conditions of a client along with their contexts, the
responsive intervention procedures imposed under each
context, and the response of the client to each intervention
use case. This allows for development of a baseline
understanding for CHWs to decide on appropriate action
in the current scenario. Given the history of interaction and
guidance provided by CHWs in the past under similar
situations, decisions on an improvised intervention or on
reusing a previously successful intervention can be made.

We use multimodal data fusion strategy to combine the results
from each of the aforementioned modalities of personal models.
Data fusion improves the prediction accuracy of the personal
models, particularly in instances where input data are missing
from specific modalities.

Smart Recommendation Module

This module delivers autonomous health recommendations to
clients and/or CHWs based on risk level and recommendation
type. D-CCC combines each client’s physiological and
contextual data from the knowledge base module and personal
models module to build smart recommendation systems. Smart
recommendation is a proactive strategy to promote client
self-management and improve quality of life, particularly in
less-acute scenarios (eg, recommendations related to diet,
physical activity, sleep, stress, and medication reminders). Smart
recommendations sent to clients target everyday health
maintenance and education regarding healthy life choices. This
module infers to the cognitive and analytical models from the
personal models module to make autonomous recommendations.
The autonomous recommender primarily aims to bridge the gap
between the increasing number of clients in need and the
relatively lower number of CHWs and RPs and is based upon
the acuity of client condition. Recommendations are also sent
out to the responsible CHW to synchronize the information
flow. The decision regarding whether a recommendation is
delivered directly to the CHW, directly to the client, or delivered
through the CHW to the client depends on the settings and
recommendation type. For instance, some client populations
(eg, older adults) with less access to, or comfort using,
smartphones may prefer to receive recommendations through
their CHWs, whereas other client populations (eg, pregnant
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women) with greater access to, or comfort using, smartphones
may prefer to receive health promotion recommendations
directly. This module adds a layer of cyber health care service
delivery to D-CCC, enabling safe and timely interventions for
different clients with varied needs.

Smart Supervision Module

This module automates workflow between supervisors (eg, RPs)
and CHW s to improve supervision efficiency both qualitatively
and quantitatively. There is a need for ongoing CHW-supervisor
interaction for evaluation, feedback, and support. Under the
current CCC model, supervisors manually organize supervisory
tasks with different CHWs. D-CCC enables automated
supervision support using Al models. Each CHW handling
multiple clients in different contexts presents each RP with
different supervisory challenges. The personal models module
and knowledge base module contain cognitive analytical models
about different clients. The smart supervision module integrates
these personalized models into an Al engine that serves as the
oracle to supervisors. This allows supervisors to hone their
attention to specific issues that each individual CHW may have
while accessing the collective record of clients specific to that
CHW. In addition, enabling a common and more complete
understanding of the clients’ contexts may enable interactions
between RPs and CHWs to become more qualitative while
reducing overhead time. Supervisors may additionally choose
to automate trivial repetitive tasks, allowing them to supervise
a larger number of CHWs or provide more personal support
and mentorship to an existing cadre of CHWs. Multi-way
communication among CHWSs and supervisors additionally
allows for a range of choices to match supervision requirements
of CHWs to expertise of the RPs. Effective supervision is an
essential element of CHW programs [38]. Through improving
CHW support and enabling more holistic CHW-supervisor
interaction, D-CCC may enable scalability of CHW supervision
strategies, leading to improved productivity, care delivery, and
worker satisfaction.

Smart Assistance Module

This module supports CHWs to deliver continuous high-quality
care services in the field, particularly in scenarios where CHWs
may have limited access to resources. Applying intervention
procedural knowledge for clients with diverse contexts can be
challenging for CHWs in the field, and D-CCC supports CHWs
to make client-specific decisions using personalized models.
Smart assistance is a reactive and on-demand service intended
to handle acute scenarios that may enhance decision-making of
CHWs in the field when they do not have immediate access to
supervisors; one approach includes implementing customized
chatbots used by CHWs in real time to provide appropriate
decisions regarding client care (eg, education, CHW-delivered
intervention, and referral). This may be particularly useful when
supervisors are not accessible or when CHWSs encounter a
situation with which they have limited expertise. Chatbots use
natural language processing to parse textual information
provided by CHWs to make sense of the client care situation.
This module accesses the client’s medical and physiological
profile, behavioral and psychological profile, and previous
history of CHW assistance provided from the knowledge base.

JMIR Form Res 2022 | vol. 6 | iss. 4 | €29535 | p. 7
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

This module identifies the specific client and infers the client’s
personalized model to make autonomous decisions regarding
CHW-delivered care.

Smart Training Module

This module enables ongoing training for CHWs to learn new
digital technologies and augments traditional methods of CHW
training and education for connected web-based and blended
learning methods. Key challenges identified in the literature
regarding current use of digital technologies include CHW
digital health literacy [11] and the need for effective training
for CHWs to adopt digital tools [6]. This module integrates
ongoing CHW digital health training and provides CHWs with
an automated technology help desk for ongoing additional
assistance as needed. This module additionally augments
traditional, in-person CHW training by providing ongoing
case-based digital learning modules, which may be assigned by
CHW supervisors and completed by CHWs in an independent
and self-paced manner.

Figure 4. MOMS OC (Orange County) community-centered care model.
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Case Study: Smart, Connected, and
Coordinated Maternal Care for
Underserved Communities

The D-CCC model is currently being piloted with community
partner sitt MOMS Orange County (MOMS OC) [59]. We
outline this proof-of-concept case study in the following
sections.

MOMS Orange County

Registered nurse (RN)-delivered home visits for at-risk pregnant
women became infeasible in the early 1990s in Orange County,
California, because of the county’s financial constraints. In
response to the county’s maternity care crisis, MOMS OC [59]
was founded. MOMS OC is a nonprofit organization
implementing a CCC model (Figure 4) for maternal care (MC)
delivery. MOMS OC’s CCC model is a CHW-delivered care
coordination and home visitation program wherein RNs
supervise and train CHWs, who in turn provide culturally and
linguistically appropriate services, conduct home visits, and
deliver group education to pregnant women considered to be at
low to moderate risk and served by MOMS OC.

Home visitation

Supervision

Health education

Health
educator

Group health
education

MOMS OC community

Monthly maternal
assessment
and education

Evaluated impacts
Birth outcome:

1. Increased birth weight
2. Increased gestational
age at birth (fewer
preterm births)

Economic impact

Receiving support
and education

nmw%\,ﬁ;? annually approximately 4000 pregnant women at risk

The MOMS OC CCC model has demonstrated cost efficiency
[60] and improved birth outcomes [61]. However, it remains
limited by barriers and gaps common to CCC models, which
presents opportunities for the incorporation of technology.
Barriers and gaps applicable to MOMS OC include the
following:

L. Limitations  regarding outreach using traditional
mechanisms (eg, word of mouth, telephone calls, and
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advertisements), particularly among disadvantaged
communities.  This  presents  opportunities  for
technology-enabled community outreach.

2. Limitations regarding timely intervention, including early
MC and education. This presents opportunities for new
community-driven intervention enablement assisted by
digital and social media.

3. Limitations regarding monitoring because infrequent CHW
home visits (typically conducted monthly) and clients’
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self-reported screenings both reveal only a snapshot of each
woman’s physical and mental health and lifestyle. This
presents opportunities for incorporation of low-cost,
nonintrusive wearable devices to enable ubiquitous
monitoring.

4. Limitations regarding communication among MC providers,
with CHWs typically unable to access health data stored
as electronic health records and MC providers typically
unable to easily access information collected by CHWs .
This presents opportunities for networking, smart data
mining, and community-enhanced recommendation systems.

A D-CCC Pilot Community Engagement Model for
MC

Identifying opportunities for D-CCC to overcome these gaps
and improve the quality of care delivered, we partnered with
MOMS OC to launch Smart, Connected, and Coordinated
Maternal Care for Underserved Communities (UNITE) [62], a
D-CCC pilot community engagement model for MC that is
smart (deploying ubiquitous monitoring and lifelogging),
connected (bringing together a diverse cast of community
members, including clients, families, RPs, and community
resources), and coordinated (using technology to proactively
reach out to the community and deliver personalized
interventions and education for each client).

UNITE deploys technology-enhanced community care
coordination and education coupled with a human-in-the-loop
monitoring and intervention system to (1) proactively reach out
to the community (pregnant women, families, and friends); (2)
provide valuable personalized and community-enhanced
information for CHWs and RNs to provide tailored support
according to individual needs; and (3) combine fine-grained
and personalized information together with monitoring and
intervention and community outreach and education to promote
healthier lifestyles for pregnant women through
self-management.

UNITE leverages emerging technologies such as Wearable
Internet of Things, community-enhanced learning and
recommendation, big data analytics, context recognition,
lifelogging, and social media, as well as a multidisciplinary
partnership to bring connectivity, integration, and smartness to
MOMS OC’s existing CCC model. UNITE also brings
ubiquitous monitoring, open information sharing, and
community-enhanced personalized intervention and education
to MOMS OC’s CCC model. UNITE aims to strengthen
connectivity among stakeholders and to improve connection
and coordination across providers and agencies focused on pre-
and postnatal health.

Through lifelogging, context recognition, and health monitoring,
UNITE builds a holistic digital phenotype of participants using
multimodal data capture. Smart mining algorithms are designed
for cause assessment through personalized models. Maternal
self-management is improved and incentivized through
personalized community-enhanced recommendation systems
and technology-enhanced community care coordination and
education. The core components of the UNITE model are
ubiquitous monitoring and a recommendation system capable
of dynamically supporting a healthy lifestyle of enrolled women
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during and after pregnancy. UNITE recognizes how
community-specific factors pertaining to each client enhance
individual monitoring and interventions and enable more
personalized  recommendations to  motivate  better
self-management. UNITE thus integrates culture- and
context-sensitive mechanisms to enhance technology acceptance
for improved maternal self-management and enhances
connection and coordination with CHWs and other care
providers and agencies focused on improving pre- and postnatal
maternal health.

As part of the UNITE project, a proof-of-concept version of the
Al-enabled closed-loop D-CCC platform has been implemented
whereby a Wearable Internet of Things—based health-monitoring
flexible and adaptable platform enables seamless capture of
sensory data streams (using wearables and smartphones) and
self-reported data from participants (using questionnaires and
ecological momentary assessments). UNITE’s dashboard allows
for interaction between CHWs and the enrolled women, provides
visualization and interaction with the backend system, and
performs sophisticated analytics and data mining to build a
holistic personal model of each participant. Each personal model
combines physical and psychosocial data capture to generate
feedback and recommendations to the enrolled women, their
CHWs, and the CHW supervisors, as well as to other health
providers with the goal of promoting healthy pregnancy
outcomes.

An exemplar intervention delivered through the UNITE
platform’s closed-loop system is a home-based safe exercise
program overseen remotely by CHWs [63]. This evidence-based
exercise program, designed using the pregnancy and postpartum
exercise guidelines provided by the American College of
Obstetricians and Gynecologists, includes strength movement,
aerobic movement, and mindful breathing. UNITE’s real-time
monitoring of intensity and duration of exercise using wearables
(eg, by measuring heart rate elevation, maximum oxygen uptake
[VOymaxl, respiratory rate, and ratings of perceived exertion)
critically enables individualization of the intervention as well
as safety monitoring throughout the exercise program.

Completion of the UNITE pilot study will yield critical
information regarding feasibility and user (client, CHW,
supervisor, and RP) experience as well as effects on health
outcomes, including cardiovascular response, sleep, physical
activity, self-reported stress, depression, and anxiety.

Discussion

D-CCC as an Improved Model to Move CCC Into the
Future

As current global health trends necessitate a shift away from a
patient-centered medical care system to an upstream health
promotion approach that meets the health and social needs of
individuals in their communities, a community-centered health
and social care ecosystem, supported by a robust and digitally
connected CHW workforce [1], is needed to launch CCC into
the future. A rapid expansion of the CHW footprint is critically
needed to prevent unmet needs from escalating into expensive
medical crises, particularly in vulnerable communities [5].
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However, scaling the current CCC model in a cost-effective
manner while preserving the highly contextual and individually
tailored care provided by CHWs remains challenging. Although
the recent incorporation of digital technologies into the CCC
model demonstrates potential for expanding the CHW footprint,
current technologies lack integration. Large-scale data
acquisition, preprocessing, and validation for intelligent
decision-making remain key challenges.

We propose D-CCC as an improved model to move CCC into
the future and present our UNITE pilot study as an initial proof
of concept in D-CCC implementation. Of note, UNITE
represents one iteration of the D-CCC platform, designed to
support the specific needs of a community partner organization
providing CHW-delivered interventions to pregnant women
considered to be at low to moderate risk within Orange County,
California. UNITE was designed to leverage technology to
facilitate client self-management as well as CHW-delivered
support. However, D-CCC may also support CHW-delivered
health-related interventions among client populations less able
to engage in self-management or with less access to, or comfort
with, technology (eg, older adults with dementia). Critically,
because CHWs occupy a variety of roles within communities
and because CHW-delivered interventions and target outcomes
vary widely according to the client populations served, a
one-size-fits-all platform design will not be successful in
empowering the CHW workforce of the future. D-CCC is
designed to be scalable and portable across diverse communities,
and its modular design purposively allows for flexibility to meet
the needs of different CCC organizations, populations served,
and care delivery focus.

D-CCC’s design addresses key challenges identified in the
literature regarding current use of digital technologies by CHWs,
including a lack of evaluation of outcomes; development of
digital tools and apps without cultural relevance; lack of access
to, or knowledge of, mobile technologies within communities;
need for effective training for CHWs to adopt digital tools;
inadequate CHW supervision; and the need for improved
communication among health care teams working with CHWs
[6,11]. Furthermore, D-CCC allows for fair and data-driven
evaluation of CHW-delivered interventions, thereby increasing
opportunities for key CHW-focused policy advocacy.
Data-driven evaluation of CHW-delivered interventions is key
to moving community organizations away from fee-for-service
or grant-based governmental support models and toward
value-driven models for CHW reimbursement.

However, there remain key challenges and limitations to
consider. D-CCC design focuses on supporting CHWs operating
within a facility-based CCC model of care delivery. Although
most CHWs operate under this model [38], exploring how
D-CCC might apply to other models of CHW-delivered
community care remains a future endeavor. Certain aspects of
digitalization (eg, BP monitors, ECG sensors, and blood glucose
monitoring) may be more useful for CHWs focused on single
or multi-disease management, and ubiquitous monitoring may
require clients to use a smartphone and have home internet
access. However, D-CCC is designed to be used by CHWs
engaged in various community care roles, including use in client
populations without access to smartphones or home internet.
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Through facilitating CHW communication (with clients,
supervisors, and other CHWs), collaboration, and knowledge
sharing, as well as CHW supervision, training, and decision
support, D-CCC is designed to support CHWs engaged in
myriad care roles. CHWs working on upstream health
determinants such as job loss may also benefit from the D-CCC
intelligent and integrated closed-loop digital platform designed
to support communication, collaboration, and knowledge sharing
of community-based resources.

In addition, the UNITE pilot is presented as a proof-of-concept
case study to illustrate D-CCC deployment. However, this pilot
is ongoing and limited by a lack of outcome data to present here
(eg, regarding feasibility, user experience, or health outcomes).
We highlight the larger need for studies conducting cost analyses
of CHWs, digital technologies, and the combination of CHWs
and digital technologies. Without these data, assertions regarding
cost savings through incorporation of technologies targeted for
use by CHWs remain speculative.

Al design must carefully consider the impact of digitalization
on CHW relationships, workload, and workflow [64].
Deployment of Al systems will result in some additional work,
most notably upon rollout and initial deployment. Some of this
work may be readily apparent (eg, CHWs actually using the Al
platform), but less-apparent aspects must also be considered
(eg, CHWs introducing, explaining, and justifying the use of
new technologies to their communities) [64]. As Okolo et al
[64] highlight, AI developers must account for such added
visible and invisible work shouldered by CHWs when assessing
the benefits and limitations of incorporating Al systems into
established CCC workflows. To this end, CHW collaboration
and iterative feedback drive D-CCC design to maximize utility
and acceptability while minimizing additional worker burden.
Our multidisciplinary team also includes human-computer
interaction experts to conduct ongoing assessments of CHW
relationships and workflows during D-CCC design and
implementation.

Finally, D-CCC’s data-driven algorithms, key to building
personalized models, also mean an unprecedented scope with
regard to sensitive data collection, and the digital health
ecosystem presents new ethical challenges and considerations,
particularly in vulnerable populations. The D-CCC platform
must critically protect data privacy and security through methods
such as end-to-end encryption and distributed security schemes
(eg, blockchain technology) and proper data governance policies
and tools. Any commercial cloud infrastructure services used
to store and manage data resources must provide Health
Insurance Portability and Accountability Act—compliant services
for storage and transmission of protected health information.
Data privacy and shared responsibility clauses must additionally
guarantee secure data management in compliance with the user
and application deployer.

Although new human-technology partnerships have incredible
potential to empower future workers and to promote health
equity, the impacts of Al on future workers and communities
must be considered, including identifying potential for
inadvertent creation or exacerbation of health inequities,
particularly among vulnerable populations. Consideration of
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sociocultural aspects throughout D-CCC platform design and
iteratively examining how these affect platform acceptability,
feasibility, and reliability will be critical to avoid further
propagating health inequities [65]. To this end, D-CCC design
and implementation must occur iteratively and in close
collaboration with all stakeholders, including CHWs, CHW
supervisors, and clients.

Conclusions

The increasing use of digital technologies among CCC
organizations is demonstrating the potential to expand the CHW
footprint by enhancing CHWs’ reach and diffusion of health
information within communities [6,41,42]. However, existing

Rodrigues et al

integration. We propose D-CCC as an improved model to move
CCC into the future. D-CCC constitutes a human-technology
partnership integrating CHWs, CHW supervisors, and
communities through a scalable digital medium to improve the
efficiency and quality of care delivery. By targeting a
human-technology partnership at the level of the CHW, D-CCC
aims to amplify human connection and collaboration while
maximally expanding the CHW footprint within communities.
Through integrating future digital health technologies, the future
CHW workforce, and the future health and social care needs of
communities, D-CCC aims to connect the most vulnerable
individuals within communities to needed resources and health
and social services.

digital technologies incorporated into CHW practice lack
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