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ABSTRACT

Context: We describe a participatory framework that enhanced and implemented innovative changes to an existing dis-
tributed health data network (DHDN) infrastructure to support linkage across sectors and systems. Our processes and
lessons learned provide a potential framework for other multidisciplinary infrastructure development projects that engage
in a participatory decision-making process.
Program: The Childhood Obesity Data Initiative (CODI) provides a potential framework for local and national stakehold-
ers with public health, clinical, health services research, community intervention, and information technology expertise to
collaboratively develop a DHDN infrastructure that enhances data capacity for patient-centered outcomes research and
public health surveillance. CODI utilizes a participatory approach to guide decision making among clinical and community
partners.
Implementation: CODI’s multidisciplinary group of public health and clinical scientists and information technology experts
collectively defined key components of CODI’s infrastructure and selected and enhanced existing tools and data models.
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We conducted a pilot implementation with 3 health care systems and 2 community partners in the greater Denver Metro
Area during 2018-2020.
Evaluation: We developed an evaluation plan based primarily on the Good Evaluation Practice in Health Informatics guide-
line. An independent third party implemented the evaluation plan for the CODI development phase by conducting interviews
to identify lessons learned from the participatory decision-making processes.
Discussion: We demonstrate the feasibility of rapid innovation based upon an iterative and collaborative process and
existing infrastructure. Collaborative engagement of stakeholders early and iteratively was critical to ensure a common
understanding of the research and project objectives, current state of technological capacity, intended use, and the desired
future state of CODI architecture. Integration of community partners’ data with clinical data may require the use of a trusted
third party’s infrastructure. Lessons learned from our process may help others develop or improve similar DHDNs.

KEY WORDS: clinical-community linkage, pediatric obesity, record linkage

Childhood obesity affects almost 14 million
US children1,2 and is associated with seri-
ous and costly immediate and future health

risks, poor academic and coping skills, and poorer
mental health.3-8 Research, program evaluation, and
public health surveillance that assesses childhood
obesity risk factors, interventions, and social de-
terminants of health (SDOH) services are limited
because of the inability to link, longitudinally ar-
range, and securely share individual health-related
information stored across different sectors and infor-
mation systems. Child health data, including clinical
information, SDOH, weight management programs,
and geographic markers are maintained throughout
communities in many separate information systems
operated by hospitals, provider networks, and clinical
and community-based programs. Current distributed
health data networks (DHDNs; also referred to
as clinical data research networks or learning net-
works) such as the health system–based Clinical
Research Networks of the National Patient-Centered
Clinical Outcomes Research Network (PCORnet)9

provide a foundational infrastructure that can be
extended for clinical and community organizational
interoperability.10

To improve data capacity for childhood obesity
research, program evaluation, and surveillance, the
US Centers for Disease Control and Prevention
(CDC) is leading the Childhood Obesity Data Ini-
tiative (CODI).11 On the basis of a participatory
framework of local and national clinical, community,
and public health representatives, CODI collabora-
tively developed and implemented an information
technology infrastructure to standardize and link
individual health data across clinical and community
sectors while preserving patient privacy and confi-
dentiality. CODI leverages an existing DHDN, the
Colorado Health Observation Regional Data Service
(CHORDS) network,12 and other open-source tech-
nology solutions in an end user–driven development
process.

CHORDS and other DHDNs currently provide in-
frastructure allowing research on populations spread
across health care systems by distributing and ex-
ecuting queries against locally stored data.10 This
distributed query process is possible because par-
ticipating organizations map their data to a com-
mon data model (CDM), thereby standardizing data
concept tables and elements within the network.
Organizations participating in DHDNs maintain in-
dividuals’ personally identifiable information (PII)
locally behind their firewalls. Typically, only aggre-
gate or limited data sets are released to investigators
by the DHDN. Most DHDNs lack unique patient data
linkage across organizations, making it difficult to fol-
low individuals over time and across health systems
and community settings. They also lack information
on clinical and community weight management inter-
ventions, community health programs, for example,
after-school physical activity programs or faith-based
health initiatives, and navigation to benefits or ser-
vices that may address SDOH.

Our objective in this article is to share the CODI
framework and lessons learned to help others de-
velop or improve similar DHDNs. To achieve this, we
describe the implementation of and lessons learned
from CODI in Denver, Colorado, with clinical, public
health, and community partners. We also describe the
CODI framework for collectively enhancing and im-
plementing innovative changes to an existing DHDN
infrastructure to support clinical-community link-
ages for childhood obesity research, surveillance, and
evaluation by enabling (1) access to standardized
clinical and community data; (2) individual cross-
sector privacy-preserving record linkage (PPRL); (3)
distributed clinical-community longitudinal queries;
and (4) governance for data sharing across sectors
and information systems. We outline an iterative and
participatory process for collaborative engagement
that structures and balances infrastructure develop-
ment across 3 critical and interdependent compo-
nents of an information system: people, process, and
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technology. We present the people component in the
CODI Program section and the technology aspects in
the CODI Implementation section; our processes are
described across each of these sections. We describe
lessons learned in the CODI Evaluation section.

CODI Program

CODI leverages the people-process-technology ap-
proach for organizational change.13,14 This approach
ensures that all 3 components—people, process, and
technology—are integrated throughout the develop-
ment process to facilitate organizational interoper-
ability. This section describes the people and the
processes used to engage those people, which included
multisector stakeholders and CODI’s iterative and
participatory approach based upon the community
health record framework designed to ensure end user
needs are addressed.15

CODI’s goal was to ensure that the network
infrastructure was both useful and usable by com-
munity partners, health services researchers, and
public health scientists, in government, health care,
and academia. To achieve this, we established sev-
eral collaborative groups. The largest of these was
the CODI Collaborative (Collaborative; Figure 1).

Collaborative membership included staff from fed-
eral, state, and local public health and health care
agencies, national organizations representing stake-
holder groups, academicians, and practicing clini-
cians. The Collaborative was united by a common
interest in improving data capacity for child obesity
research, surveillance, and evaluation; and innovative
reuse of existing technologies to conduct research,
public health surveillance, and program evaluation.
This group met quarterly to develop a shared vision
of CODI’s goals and achieve trust-building among
stakeholders.

A subset of Collaborative members leading the
CODI pilot—project managers, implementers, and
end users—constituted the CODI Collaborative
Working Group (CCWG; Figure 1). CCWG member-
ship included technical and informatics experts and
subject matter experts (SMEs) in clinical care, pub-
lic health, DHDN research methods, data governance,
and community programs. The project managers in-
cluded staff from the CDC and the lead technical
entity, The MITRE Corporation. These members co-
ordinated all activities, managed subgroups, ensured
adherence to timelines and completion of deliver-
ables, and developed the technical infrastructure in
partnership with CCWG members. The implementers

FIGURE 1 The CODI Collaborativea

Abbreviation: CODI, Childhood Obesity Data Initiative.
aThe CODI Collaborative membership included staff from federal, state, and local public health and health care agencies, national organizations repre-
senting stakeholder groups, academicians, and practicing clinicians. Members were grouped by role: project management, implementers, end users,
and project champions. The CODI Collaborative workgroup members consist of the 3 inner rings (gray shading) of project management, implementers,
and end users.
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provided technical and research-based insights into
the decisions around the infrastructure and included
representatives from the organizations participating
in the CODI pilot. The end users included re-
searchers, informaticists, and public health scientists.
They informed CODI infrastructure development in
alignment with child obesity research and public
health surveillance questions and provided domain
expertise and research and informatics perspectives
to ensure that final products appealed to the target
audience.

The CCWG met in person for a 2-day project
kickoff meeting to develop a shared vision and com-
mon understanding of CODI’s scope and solutions.
It provided an early opportunity to develop relation-
ships and understanding of partner organizations;
reach consensus on CODI’s vision, objectives, and
scope; select a preliminary governance approach;
and collectively define solutions and an agenda to
achieve success within the time and resources allowed.
Deliverables included the project charter, communica-
tion plan, and preliminary decisions regarding CODI
scope, research question domains, and potential tech-
nical solutions.

For the duration of the project, the CCWG met
at regular intervals to review progress, make key
decisions, discuss findings, identify next steps, and
form subgroups to execute the work. Participating
organizations were financially supported by the CDC.

CCWG subgroups—small teams of SMEs—met
regularly to inform and conduct specific tasks
(Table 1). Subgroups were designed to leverage
members’ specific expertise and limited availability.
Subgroup leads performed much of the work; used
recurring meetings to validate the process, infor-
mation, and recommendations with members; and
documented all activities. The CCWG vetted all sub-
group recommendations before implementation.

Implementation of CODI Developmental Phase

For CODI to develop solutions that add value to par-
ticipating organizations and other end users, it was
important to understand the information needs, the
current information technology processes, and the de-
sired future state of the Denver partners. Here, process
refers to the human and technical actions and tasks
performed by individuals, institutions, and systems
in support of current and proposed future childhood
obesity business practices13 and the decision-making
steps and agreements achieved by those organizations
to achieve a shared and contractual understanding
of an achievable future state. Activities included a
scoping exercise to define priority research questions
and information gathering to characterize (1) the

landscape of clinical and community organizations,
(2) technical capacity of clinical and community or-
ganizations, and (3) options for the record linkage
solution. Findings from these activities were used to
design and develop the CODI technical infrastructure
and governance policy.

All CODI technology is open-source and stand-
alone with accompanying implementation guidance.
Solutions were collectively identified, iteratively de-
veloped, and locally implemented with end user
involvement at every stage (see Supplemental Digi-
tal Content Appendix A, available at http://links.lww.
com/JPHMP/A841). To accelerate development and
optimize resources, CODI leverages and enhances ex-
isting technology where available, allowing for rapid
implementation. All CODI technology solutions high-
lighted in the following sections were available for
implementation within 18 months of the project
launch.

Priority research questions

CODI-specific research questions were developed and
used to inform, scope, and prioritize CODI infrastruc-
ture development and implementation. The CCWG
Research Subgroup of child obesity health services re-
searchers, public health scientists, and SMEs met over
2 months to formulate a comprehensive list of child
obesity research questions. The subgroup categorized
questions by type and prioritized them. To ensure
relevance to all stakeholders, the CCWG reviewed,
provided input, and approved the final questions.

Priority research questions scoped the CODI in-
frastructure to address gaps in childhood obesity
comparative effectiveness and public health research.
Table 2 presents these research questions, which ad-
dress the concepts of (1) screening for child obesity, (2)
intervention efficacy, (3) cost and cost-effectiveness of
interventions, and (4) surveillance of child obesity in
local communities.

Programmatic environmental scan

The CCWG completed a programmatic environmen-
tal scan (PES) of 9 potential clinical and community
organizations for the Denver pilot. Organizations se-
lected for the PES had to provide 1 or more services,
including (1) nutrition or physical activity counsel-
ing, (2) multidisciplinary clinical interventions to treat
overweight and obesity (pediatric weight manage-
ment interventions [PWMIs] only), (3) education and
training on nutrition practices and physical activity
skills, (4) navigation services for publicly provided re-
sources and assets, or (5) social assets such as food
assistance and insurance. PES discussions solicited

http://links.lww.com/JPHMP/A841
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TABLE 1
The CCWG Subgroups Established to Conduct Project Taska

Subgroup Tasks Membership Composition

Research question • Draft CODI research questions
• Provide subject matter expertise to inform the

gaps analysis between the PCORnet CDM and
CODI research questions

• Draft CODI pilot use cases

• Project management
• Health services researchers
• Childhood obesity subject matter experts
• Public health scientists and informaticians
• DHDN experts
• Clinicians

Programmatic
environmental scan

• Identified organizations to include in
information-gathering activities

• Conducted outreach to organizations
• Summarized and presented information for CCWG

decision making

• Project management
• Childhood obesity intervention experts
• Pilot site implementation leads
• Evaluation expert

Technical
environmental scan

• Conducted crosswalk between concepts in the
PCORnet CDM and CODI research questions

• Developed questions and conducted outreach to
organizations for the scan

• Summarized and presented information for CCWG
decision making

• Project management
• Data science experts
• Pilot site implementation leads

Record linkage • Evaluated and summarized record linkage
strategies to inform CCWG decision making

• Identified and evaluated open-source PPRL tools
• Developed evaluation criteria to assess

performance of the PPRL tools

• Project management
• Identity management experts
• Data science experts
• DHDN experts
• Pilot site implementation leads

Governance • Conducted gaps analysis of CHORDS governance
functions and CODI governance needs and made
recommendations to the CCWG about mitigation
strategies

• Evaluated different data sharing and use
agreement frameworks and recommended
strategies to the CCWG

• Drafted the data sharing and use agreement
• Facilitated approvals by each organization’s legal

authorities

• Project management
• Technical leads from each pilot organization
• Governance leads from each pilot organization
• DHDN governance experts

Evaluation plan • Identified key evaluation questions, goals,
indicators, and metrics

• Recommended a prioritized implementation of the
evaluation plan for the CODI pilot

• Developed data collection tools based upon the
evaluation plan

• Project management
• Evaluation experts
• Pilot site implementers

Implementation • Provided input and feedback on CODI solutions
and implementation guides

• Tested and implemented CODI solutions

• Project management
• Pilot site implementers

Abbreviations: CCWG, CODI Collaborative Work Group; CDM, common data model; CHORDS, Colorado Health Observation Regional Data Service; CODI, Childhood Obesity
Data Initiative; DHDN, distributed health data network; PCORnet, National Patient-Centered Clinical Outcomes Research Network; PPRL, privacy-preserving record linkage.
aThe project management team was responsible for facilitating meetings, developing draft materials for review and discussion, maintaining membership, and documenting
decisions and recommendations. Subgroup members were expected to attend and actively participate in all meetings, share their expertise, and provide occasional review
and offline feedback of materials in preparation for meetings.

information about participantsʼ program description
and goals, delivery mechanisms, and technical ca-
pacity. The PES captured the estimated number of
annual participants, geographic catchment area, pro-
gram and intervention sustainability and intervention
types, the availability of PII to support record link-
age, and other relevant content. The CCWG used PES
findings to select PWMIs and community programs
for the technical environmental scan (TES).

Participation by any organization in the CODI pilot
required the following: (1) electronic documentation
of individual participation; (2) sufficient number of
participants (n ≥200 annually) within the Denver
metro area for linkages with clinical organizations;
(3) a willingness to contribute data; and (4) an ac-
tive clinical PWMI or community program. Current
participation in CHORDS was required of all clinical
organizations.
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TABLE 2
Prioritized CODI Research Questions Defined by the CODI Research Question Subgroup to Inform, Scope, and Prioritize
CODI Infrastructure Development and Implementation
Concept(s) Included Priority Research Question Data Elements

Screening When is obesity screening (measuring
BMI) occurring? In what settings? What
actions does it trigger, including
comorbidity screening?

• Demographics: Age, sex, race/ethnicity, etc
• Geographic area; neighborhood; Census Track
• Health factors: Weight category, presence/absence of

comorbidity
• Payer
• Social determinants: Socioeconomic status (ie, poverty

and level of poverty); food security
• Parent characteristics (eg, weight/height)
• Intervention characteristics
• Cost of care

Intervention efficacy based
on intervention dose and
characteristics

What “dose” and characteristics of
weight management interventions are
associated with effectiveness?

Cost and cost-effectiveness What are the cost and cost-effectiveness
of weight management intervention?

Surveillance What is the prevalence of obesity (and
weight categories) among children
aged 2-19 y and has the prevalence
changed (trends) overtime within small
geographic areas (in Denver CODI
catchment)?

• Weight categories: underweight, healthy weight,
overweight, obesity, and severe obesity classes

• Age, sex, race, ethnicity, and other demographics
• Neighborhood, geographic area, rural vs urban
• Social determinants

Abbreviations: BMI, body mass index; CODI, Childhood Obesity Data Initiative.

Two community programs were selected for partic-
ipation in CODI: Girls on the Run of the Rockies,
which offers physical activity and self-confidence
building activities; and Hunger Free Colorado, which
provides navigation to safety net programs such as the
Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC). Four community pro-
grams were eliminated from consideration because
they had insufficient participants (n = 3) or lacked
resources to participate in CODI (n = 1). Three mul-
tidisciplinary clinical intervention programs were also
selected for inclusion: Children’s Hospital Colorado’s
Lifestyle Medicine Clinic; Denver Health’s Healthy
Lifestyle Clinic; and Denver Health’s Mind, Exercise,
Nutrition, Do it! (MEND) program.

Technical environmental scan and business process
analysis

A TES was conducted within 4 clinical and 2
community organizations to gain an in-depth under-
standing of their data assets, software platforms, and
information-sharing capacity relevant to identified
research questions and patient-level record linkage ca-
pabilities. We designed and used a table shell to guide
discussions with each organization (see Supplemen-
tal Digital Content Appendix B, available at http:
//links.lww.com/JPHMP/A842) around whether and
how organizations collected important data elements
in their information systems. In addition, general tech-
nical capabilities associated with data sharing and
record linkage were assessed.

We conducted a business process analysis with these
organizations to identify stakeholders’ objectives,
information transactions, tasks, functional require-
ments for information systems supporting childhood
obesity interventions, and data quality and standard-
ization issues.16 This analysis explored the delivery
of child obesity health services related to screen-
ing of children for overweight and obesity, provision
of nutrition and physical activity counseling, and
navigation of patients to resources and assets that
would promote healthy lifestyles and access to clinical
services.

Through these efforts, we gained an understand-
ing of participating organizations’ current technical
infrastructure, data availability, and identified data
and technology gaps relative to CODI requirements.
We identified important research question data el-
ements that were inaccessible for this pilot. For
example, there was no consistency in how SDOH
were captured across the implementing organizations’
electronic health record (EHR) systems, nor were
there systematic processes that ensured that available
fields were consistently and reliably collected. We also
learned that implementers could not easily or reli-
ably extract concepts for alerts notifications, referrals,
or costs from their information systems. Tables con-
taining data elements relevant to these concepts were
therefore not prioritized for the Denver pilot.

CODI data models

CODI data models were designed to standardize
and accommodate all data concepts and elements

http://links.lww.com/JPHMP/A842
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required to answer the CODI priority research ques-
tions and perform record linkage. Whenever possible,
the CODI data models leveraged existing standards
and concepts from other CDMs, adding supplemen-
tal elements and tables only when needed to address
identified gaps. The CODI data models built primar-
ily upon the PCORnet CDM v5.1.17 A gaps analysis
compared the CDM concepts and data elements with
concepts and data elements needed for CODI. We
learned that the CDM did not include data con-
cepts for weight-related interventions such as dose
(time and exposure), nor could it accommodate data
from community programs. It also did not include
concepts for cost, referrals between PWMIs and com-
munity programs, SDOH, clinical decision support
alerts, identity management to support record linkage,
and social asset delivery (eg, food benefits).

On the basis of the gap analysis findings, the
project’s technical lead collaborated with the Re-
search Subgroup to develop the CODI Research and
Record Linkage data models (Figure 2).18 Ancillary
data tables were created to capture concepts absent
in the PCORnet CDM. Because of the limitations of
existing SDOH data at the individual level, we supple-
mented the CODI data models with population-level
proxies for SDOH (eg, education level, family income,
poverty level, language spoken, employment rates,
and occupancy rates). We identified these proxies
based on individuals’ geocoded census tract loca-
tion of residence and a corresponding static reference
table derived from the CHORDS Virtual Data Ware-
house model12 derived from 2010-2014 American
Community Survey data. Cost data concepts were
standardized using relevant OMOP CDM tables.19

Record linkage solution

Traditionally, DHDNs do not include a record link-
age function because of their desire to limit the PII

FIGURE 2 Overview of CODI Data Models

that leaves institutional firewalls. As a result, patients
may be counted multiple times across institutions or
appear to be lost to follow up if they switch their care
to another system. The CCWG Record Linkage Sub-
group conducted a landscape analysis of open-source
deidentified record linkage solutions using pub-
licly available information (see Supplemental Digital
Content Appendix C, available at http://links.lww.
com/JPHMP/A843). Those findings informed the se-
lection of tools to undergo detailed testing to compare
performance and ability to support pediatric record
linkage.

PPRL was selected for CODI because it maintains
patient privacy while enabling record linkage across
sectors and settings. In PPRL, PII remains secure be-
hind the source institution’s firewall. PPRL relies on
complex encoding of a patient’s data, called hash-
ing, which prevents access to an individual’s PII but
allows records to be linked across organizations us-
ing a unique encoded identifier. An open-source tool,
anonlink,20 was selected for pediatric record linkage
because of superior performance in tests of sensitiv-
ity and specificity in matching synthetic data.21 These
tests included matching sibling records, a difficult
challenge for pediatric record linkage. We modified
anonlink so that data from more than 2 organizations
could be matched at once, a typical scenario within
DHDNs.17,22

Query architecture

We assessed different query architecture strategies to
identify the best fits for CODI’s query distribution
and longitudinal result generation needs. Options in-
cluded (1) a central data repository hosted by a trusted
third party or data coordinating center (DCC) that
compiled longitudinal records with individuals’ PII
and protect health information (PHI) in a physical
database; or (2) a logical data warehouse in which
participating organizations run queries behind their
firewalls and share only limited data sets with a DCC
that reconciles data received from all organizations
into a longitudinal data set. The CCWG selected a
virtual data warehouse model that leveraged existing
query infrastructure to support the CODI distributed
data query process.23 The process steps are illustrated
in Figure 3.

Longitudinal data reconciliation, cleaning, and
analysis

The CCWG also evaluated distributed longitudinal
data reconciliation approaches (eg, how to resolve
data conflicts on time-invariant data elements such
as birth date and patient sex at birth), growth data

http://links.lww.com/JPHMP/A843
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FIGURE 3 The CODI Query Process Stepsa

Abbreviations: CODI, Childhood Obesity Data Initiative; DCC, data coordinating center; PPRL, privacy-preserving record linkage.
aThe CODI query process steps included (1) a researcher(s) submits a research request to the DCC that includes the research question of interest
with specifications for data elements, study population definitions, and other details necessary for data extraction; (2) the DCC finalizes the request
details and receives appropriate data use approvals; (3) the DCC develops and distributes a series of analytic queries to participating organizations using
PopMedNet,17 an open-source software package that supports distribution of research queries and data; (4) data partners execute queries within their
information systems; (5) data partners return patient-level deidentified output to the DCC with the unique linkage identifier derived through PPRL; (6) the
DCC uses the unique identifier to perform optional analyses, including data reconciliation and cleaning, and to assemble individuals’ records received
from multiple systems or settings into a longitudinal patient-level record; and (7) the DCC returns the longitudinal record to the researcher(s).

cleaning strategies, and analytic methods to ensure in-
formation output reliability and validity. From our
Research Subgroup, we learned that end users pre-
ferred to specify data reconciliation criteria on a
project-by-project basis.

To clean longitudinal child growth data by de-
tecting height and weight measurement errors, we
augmented an existing open-source EHR anthro-
pometric data cleaning algorithm, growthcleanr,24

based on feedback from a panel of experts. This
tool flags biologically implausible longitudinal height
and weight measures by assessing the difference be-
tween modified z-scores for weight and height at
each visit and the expected values based on an ex-
ponentially weighted moving average for each child.
We enhanced the algorithm to better detect biolog-
ically implausible height values by integrating logic
for the World Health Organization height-velocity
curves,25 streamlined the tool’s functionality, and im-
proved supporting documentation.26 We developed
an accompanying novel open-source tool, GrowthViz,
that facilitates visualization of growthcleanr out-
put and data postprocessing.27 Finally, the CCWG
identified methods and developed an open-source al-
gorithm to generate weighted prevalence estimates
based upon nonprobability (ie, convenience) sam-
ples derived from EHR data to develop population
estimates for childhood obesity.28,29

Governance

Governance is essential in establishing policies, pro-
cesses, and formal agreements among organizations

that allow information sharing necessary to facil-
itate research. The CCWG Governance Subgroup
collaboratively identified a data governance strat-
egy that leveraged existing local DHDN governance
infrastructure.30 The subgroup considered end user
needs for efficient project review and approval and
information-sharing needs of clinical and commu-
nity organizations. End users requested a streamlined
governance process for requesting research data and
the pilot sites wanted to minimize burden for de-
veloping data sharing agreements to support CODI.
The subgroup identified governance gaps and based
upon these considerations and requirements of the
technical solution opted for a Master Sharing and
Use Agreement (MSUA). The subgroup then devel-
oped processes, drafted governance documents, and
facilitated approvals by each organization’s legal au-
thorities (Kraus et al, in this issue).

The CODI MSUA (1) eliminated the need for
data sharing agreements between researchers from
participating organizations; (2) expedited the data
sharing agreement process for researchers from non-
participating organizations by appointing the DCC to
coordinate agreements and sign on behalf of partners;
and (3) streamlined research project review and ap-
proval through the DCC. For each research project,
participating organizations opt in following review
and approval by the DCC.

Evaluation of CODI Developmental Phase

We developed a CODI evaluation plan based on
the Good Evaluation Practice in Health Informatics
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guidelines, the Reach Effectiveness Adoption Imple-
mentation Maintenance Framework, and the Consol-
idated Framework for Implementation Research.31-33

These frameworks provided the context for (1) iden-
tifying essential aspects of the development phase; (2)
assessing project elements that improve sustainable
adoption and implementation of effective interven-
tions; and (3) identifying barriers to and facilitators
for successful implementation. The CCWG Evalua-
tion Subgroup developed the evaluation during the
initial phase of the project. Supplemental Digital Con-
tent Appendix D (available at http://links.lww.com/
JPHMP/A844) presents the CODI evaluation plan for
all phases.

Evaluation results presented in this article focus
on lessons learned during the development phase of
CODI, when CCWG members made critical decisions
about the final state of CODI infrastructure. For this
phase of the evaluation, an independent analyst cap-
tured lessons learned through structured interviews
of the 9 subgroup leads and coleads. The CCWG
reviewed and validated these findings.

The evaluation identified several lessons learned re-
garding working with individuals as part of CODI.
A key to workgroup success was engaging the cor-
rect SMEs from each organization early and often.
Overall, CCWG members reported feeling engaged
in CODI decision making and that the resulting in-
frastructure reflected their needs. However, failure to
engage selected technical and governance leads in the
CCWG at the project’s outset contributed to delays
in establishing the Governance Subgroup and achiev-
ing a common understanding of governance goals and
needs.

For the Research Subgroup, a broad range of
childhood obesity research and public health sci-
ence expertise were vital in ensuring a comprehensive
scope. We learned, however, that as subgroup size in-
creased group discussion decreased. We determined
that discussion decreased within the group when
membership exceeded 15 and therefore strived to limit
membership to those individuals necessary to scope
the research questions in an engaged and participatory
fashion.

Aside from the selected Denver pilot sites, other
Denver organizations with an interest in childhood
obesity were not initially included in the Collab-
orative. We learned that organizations not directly
involved in the local implementation were still inter-
ested in being updated on the progress and potential
future participation. We therefore created a CODI
Local Collaborative that provided quarterly updates
on CODI progress to those organizations.

Finally, the evaluation findings stressed the im-
portance of translating technical content into plain

language to ensure informed and shared decision
making occurred throughout the CODI process.
Identifying and defining key terms helped ensure a
common understanding of CODI goals and activities.
For example, we transformed references of “trusted
third party” to “data coordinating center” and we
replaced some technical terms with commonly used
terms (eg, encryption key in lieu of “salt”).

Discussion and Conclusion

CODI success is based on an iterative participatory
approach that depends on the continued engagement
of the right people and expertise; processes that elu-
cidate and address the needs of public health, health
care, community partners, and health services re-
searchers; and open technologies that can scale for

Implications for Policy & Practice

■ When developing a clinical-community–based infrastructure
across sectors and systems, our pilot found it important
to engage a multidisciplinary group of stakeholders in a
participatory process during all stages of development and
to conduct work collaboratively based on a shared under-
standing of the problem, solution, and mutually beneficial
objectives, using an iterative process with agreed-upon in-
cremental steps. Others developing similar infrastructures
can consider this approach.

■ Rapid innovative technical implementations are possible
through modifications of existing resources and tools. By
avoiding a “build new” approach, collaborative clinical-
community-public health partnerships may be able to con-
serve and optimize human and technical resources while
facilitating answers to previously hard-to-answer questions.
Leveraging existing technical, governance, and organiza-
tional infrastructure supported by trusted public health
partners may simplify and streamline the process for incor-
porating community partners’ data into the DHDN.

■ Clinical-community data sharing in a DHDN is reliant on a
trust and governance framework that minimizes participation
burden for data owners and researchers. An MSUA can en-
sure a common approach and promotes efficiency within the
network. It can also streamline the process for researchers
while allowing data providers autonomy over their data.

■ Longitudinal health services and public health research and
surveillance across an integrated clinical and community
DHDN may benefit from linking patient-level data across
systems and settings. PPRL enables patient-level clinical-
community linkages at scale without exposing PII beyond
organizations’ firewalls.

http://links.lww.com/JPHMP/A844
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widespread adoption. CODI brings together clinical
and community data to create longitudinal data sets
that may improve the ability to conduct research, pro-
gram evaluation, and public health surveillance on the
significant public health problem of childhood obe-
sity. Throughout the process, our CCWG members
reported feeling engaged in CODI decision making
and that the resulting infrastructure reflects their
needs.

CODI infrastructure innovated by standardizing
how intervention program data concepts were col-
lected, using PPRL to link data within a DHDN and
from both clinical and community partners, devel-
oped a streamlined governance process, and creating
a longitudinal data set consisting of both clinical and
community data from a DHDN. By leveraging exist-
ing open-source tools and resources, we were able to
innovate rapidly to develop an accessible open-source
set of tools and resources that can be applied by other
communities and to other health conditions.

CODI is not limited to one-use case. In fact, the
participatory process and infrastructure are being im-
plemented in a second community, and other entities
are exploring use of its open-source tools for other
applications and use cases (eg, deidentified record
linkage for federal government programs and across
community health centers; public health surveillance
of national data sets; expansion to other chronic con-
ditions and infectious diseases such as COVID-19;
expansion to adults).
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