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The concept of a Learning Health System (LHS) has been widely discussed in academic literature, yet
its practical implementation remains a challenge. This paper describes the institutional journey,
leadership structure, data governance policies, and technical innovations that together support a
scalable and sustainable Research-Oriented LHS. Additionally, we propose an expanded data vision
that aligns with interdisciplinary and translational research needs. Supplementary materials provide
technical details for those interested in implementing such a model.

The Learning Health System (LHS) has been defined as an organizational
approach to healthcare delivery in which continuous improvement and
innovation are grounded in systematic learning from the populations
served1,2. The construction of an LHSwithin an institution requires not only
a conceptual transformation but also a pragmatic and operational shift in
the enterprise. Inpractice, anLHS seeks tooptimize structures andprocesses
of care delivery so that the right treatment reaches the right patient at the
right time, with feedback loops enabling research to inform practice and
practice to inform research2. While advances in electronic health records
(EHRs) and data infrastructure provide critical foundations, building a true
LHS requires the alignment of governance, culture, and workforce around
the principle that data-driven learning must permeate clinical care, opera-
tions, and research alike.

Within this broader framework, the concept of a Research-Oriented
LearningHealth System (RO-LHS)was pioneered as a distinctivemodel for
the LHS. Whereas many implementations of the LHS emphasize quality
improvement—often described as problem-driven and focused on
immediate operational outcomes—an RO-LHS frames improvement
efforts in terms of their potential to generate generalizable knowledge and
contribute to the scientific evidence base2. This reorientation transforms
quality improvement and research from parallel or siloed activities into

interdependent, symbiotic processes. Integration is prioritized over isola-
tion, and generalizability over local optimization, thereby advancing the
greater good of health systems that face similar challenges.

Transitioning fromasiloed, discipline-specific researchparadigmto an
integrated RO-LHS thus requires a fundamental reimagining of institu-
tional priorities. It entails embedding research in the fabric of clinical
operations, creating governance structures that bridge the demands of care
delivery and discovery, and committing resources to infrastructures that
support reproducibility, scalability, and dissemination. The Ohio State
University Wexner Medical Center (OSUWMC), in collaboration with
Nationwide Children’s Hospital (NCH), has pursued this vision through
deliberate investments in governance transformation, technical infra-
structure, and cultural change.

The OSUWMC and NCH are independent healthcare systems joined
as collaborative partners under a National Center for Advancing Transla-
tional Sciences (NCATS)Clinical andTranslational ScienceAward (CTSA);
that have embraced data democratization anddeveloped anddeployed tools
that support this journey. Central to that approach has been the explicit
effort to knit parallel RO-LHS efforts into a coordinated—but not hier-
archical—learning ecosystem, the institutions came together to reimagine
leadership, infrastructure, and vision for the technical and information
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components of the biomedical researchmission. By framing research as an
enterprise-wide responsibility—rather than as the activity of a specialized
few—the RO-LHS model provides a pathway for leveraging the everyday
clinical environment as a laboratory for continuous, generalizable learning.

Institutional leadership recognized that a fragmented approach to
research infrastructure would limit innovation, and a redesigned leadership
model was developed to place greater authority in a single leader, The Chief
Research Information Officer (CRIO) was matched in terms of formal role
in both the Clinical and Translational Science Institute (CTSI) as the
Director of Biomedical Informatics as well as the College ofMedicine as the
AssociateDeanofResearch. In thefirst sixmonths of their appointment, the
CRIO consulted stakeholders and developed a strategic vision (Supplement
2) focused on reducing the transaction costs of engaging in research within
OSU and across institutions that outlined an overarching direction (see Box
1). At OSU, the university moved the informatics service center out of the
department of Biomedical Informatics to the Office of Research in the
College of Medicine, with an ongoing 2.5M annual financial commitment
used to resource the newly developed Department of Research Information
Technology.Keyoutcomesof this collaborative governancemodel included:
1. Purpose-built Research IT divisions at OSU to supply expanded

services that researchers can access through formal service agreements,
preserving institutional autonomy;

2. Joint data-access framework via an interinstitutional Data Use
Agreement, an expanded Honest Broker Protocol and compatible
ResearchHealth Information (RHI) andProtectedHealth Information
(PHI) policies to enable compliant data sharing while each organiza-
tion retains its own privacy oversight; and a

3. Shared investment pipeline that included coordinated—but sepa-
rately budgeted—funding that supports cross-institutional cloud and
HPC resources without shifting financial control.

[Box 2] In this framework, the CRIO operates as a convener and
infrastructure catalyst, ensuring interoperable platforms and policies while
respecting the independence of bothOSUWMCandNCH (Supplement 4).
This transition was marked by a deliberate and strategic commitment to
respectful governance infrastructure development. Governance reviews to
safeguard data took significant legal, governance, and technical efforts. For
example, OSUWMC is one of the largest Epic Community Connect pro-
viders, in an electronic health record (EHR)-as-a-service model, in the
United States where we provide the EHR for 14 non-affiliated hospitals. By
agreement, data held by OSUWMC for Community Connect sites are not
allowed to be used for researchwithout explicit consent of the organizations.
On the other hand, NCH has Neonatal Intensive Care Unit operations at
multiple healthcare systems that are market competitors of OSU, and

significant concerns were raised about securing that data fromOSU clinical
operations. Robust governance structures were established to respectfully
bridge the gap between research and clinical operations with the intent to
use that synergy to systematically advance the clinicalmission, in the context
of complicated agreements, polices, and applicable law.

The ability of our RO-LHS to function depends on both strong gov-
ernance and the strategic investment in robust technology platforms –
spanning the EHR, cloud-based discovery environments, shared high-
performance computing, and advanced analytics. For example, hospital
alarms often fail to distinguish between critical and non-critical events,
leading to confusion, overrides, and delayed responses. By redesigning alarm
sounds and displays around urgency, predictive value, and source, within the
research framework, we worked to describe how the work done at OSU can
more broadly improve clarity, reduce false alarms, and ensure faster, safer
patient care. To that end, OSUWMC established interdisciplinary stake-
holder committees to set research priorities, oversee implementation, and
ensure alignment with institutional goals. Through these committees, we aim
to ensure that resources are managed in a manner that reduces transaction
costs and staffed by a dedicated informatics and data management
workforce3. By defining clear roles, responsibilities, and communication
pathways for these shared services, OSUWMC avoids cost-prohibitive
“concierge” models and instead fosters efficient, cross-functional collabora-
tion among clinicians, nurses, researchers, and IT professionals.

A flagship example of this dual governance-and-resource strategy was
the transfer of 250 high-performance computing nodes, inclusive of both
GPU resources, from OSUWMC’s direct management to the Ohio Super-
computer Center (OSC) – an independent agency of the State ofOhio. [Box
3] This arrangement is supported by a Business Associates Agreement
(BAA) where OSUWMC data is held in PHI-compliant storage and OSC
manages the high-performance computational cluster on behalf of the
Medical Center. By offloading themanagement of infrastructure to domain
experts, this arrangement created one of the few PHI-approved enclaves
available on a campus supercomputer—an unusually rigorous compliance
posture that broadens secure data handling for clinical and translational
studies. Whether streamlining discovery workflows or provisioning shared
computational assets inways that scale sustainably across the enterprise, the
continuous refinement of this integrated governance-and-resource frame-
work is an ongoing but essential component to maintaining leadership in
translational research and healthcare innovation.

ResearchHealth Information (RHI) vs. ProtectedHealth
Information (PHI): A Defining Distinction
Via the leadership and governance transformation, the enterprise intro-
duced a critical distinction between PHI under The Health Insurance

Box 1 | rethinking the CRIO role

OSUWMC pioneered the position of CRIO, marking a milestone in inte-
grating research informatics within enterprise IT strategy1. In 2019, the
role was reconceptualized to centralize governance, ensure alignment
between research IT and informatics, and bridge research priorities with
clinical operations.

Positioning and Responsibilities. The CRIO is strategically posi-
tioned within Ohio State’s institutional hierarchy as the Director of Bio-
medical Informatics (DBMI) of the CTSI. This ensures a unified approach
to research IT governance, streamlining data integration, analytics, and
infrastructure. In 2021, the CRIO was also made the Associate Dean for
Research (ADR) focused on Information Technology, thereby creating a
single research information technology faculty leader across the College
(ADR), the Medical Center (CRIO) and the University (CTSI DBMI). By
serving as a strategic leader within OSUWMC and the College of Medi-
cine, the CRIO plays an integral role in governance, shared IT services,

and institutional research strategies. This leadership has positionedOhio
State as a national model for research informatics, demonstrating how
centralized governance, strong investments, and scalable infrastructure
can drive innovation in healthcare research.

Innovating Data Governance. A defining achievement under the
CRIO’s tenure was the adoption of the Research Health Information
standard at OSU and the subsequent revision of OSUWMC’s Honest
Broker Protocol (Supplement 1), which streamlines access to clinical
data for research while ensuring regulatory compliance. Over time,
this protocol has evolved, providing honest brokers with greater
autonomy, improving turnaround times for research requests, and
strengthening security measures for de-identified and limited data-
sets. Together, this has allowed the organization to move towards the
deployment of a coded data version of an interorganizational
data lake.
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Portability and Accountability Act of 1996 (HIPAA)4, and research data
related to the health of the participant. Adopted in 2020, an environmental
scan revealed peer institutions—such as the University of Delaware and
University of Miami—had already implemented similar RHI frameworks5–7.
RHI is a purpose-built classification that is comprised of identified or coded
datasets that meet HIPAA criteria or identified data collected under an
approved Institutional Review Board (IRB) protocol and governed by the
Common Rule8 where the subject of the data pertains to the health of the
respondent. OSUWMC adopted the following core principles for RHI:
• Regulatory alignment. RHI data must comply with federal research

regulations (the Common Rule) and institutional policy.
• Controlled separation. Data extracted directly from the EHR retains

PHI status unless first vetted by an honest broker or transferred into a
research-only environment.

• Broker-mediated release. Anydataset—identified, coded, or limited—
released by an honest broker under an approved IRB is classi-
fied as RHI.

To operationalize these distinctions, OSUWMC deployed both tech-
nical and professional controls. The IT team built segregated storage and

data-transfer pipelines that keep PHI within clinical systems, while curated
RHI is hosted in secure research enclaves and storage. Meanwhile, the
PrivacyOffice and IRB jointly authored detailed guidance onRHI handling,
supplemented by publicly available process documentation, training mod-
ules, and decision-support tools (Supplement 5)9,10. Implementing this
layered approach required broad policy revisions across the university.
However, it clarified accountability:
• RHI incidents are reported to theData IncidentResponseTeamunder

research governance protocols associated with University require-
ments related to IRB issues.

• PHI incidents remain under the purview of the WMCOSU Privacy
Office, with escalation to the Office for Civil Rights as needed.

By establishing a shared vocabulary and clearly defining roles—tech-
nical controlsmanaged by Information Security at OSUWMC, professional
controls required by the IRB, and oversight by both privacy and research
governance bodies—OSUWMC laid the groundwork for an effective,
integrated data sharing approach that fosters interdisciplinary collabora-
tion, accelerates ethical data sharing, and sustains continuous innovation in
translational research.

Box 3 | Ohio supercomputer center (OSC) –College ofMedicine Compute Resources
Overview

The Ohio Supercomputer Center (OSC) provides cutting-edge high
performancecomputing (HPC) resources tailored to support the research
needs of The Ohio State University College of Medicine (CoM) through a
cooperative agreement. TheAscendcluster provides researchers inCoM
access to advanced computational infrastructure at zero direct costs to
their projects as these administrative costs paid via investment in joint
partnership withOSUWMCandCoM,with priority scheduling and robust
storage capabilities.

High-Performance Compute Power: CoM projects run exclusively
on the Ascend cluster, which features:

•298 Dell PowerEdge R7545 nodes
•2×AMDEPYC7H12CPUsper node (60 cores each, 2.60 GHz)
•2× NVIDIA A100 GPUs per node (40GB memory each)
•472 GB usable RAM per node
•1.92 TB NVMe internal storage
•HDR100 Infiniband (100 Gbps) interconnects
This configuration supports a wide range of compute-intensive

biomedical and clinical research applications, offering a theoretical

peak performance of 13 PetaFLOPS across the full Ascend
system.

Zero-Cost Access for CoMResearchers: Beginning April 30, 2025,
all CoM projects without a separate MOU are granted exclusive access
to Ascend at no cost. This includes:

•Free compute time
•Priority job scheduling
•Access to modern software environments
Integrated Storage Environment: Ascend shares OSC’s centralized

storage infrastructure, ensuring:
•Seamless access to home directories across clusters
•High-speed, high-capacity storage for large-scale datasets
•Support for data-intensive workflows in genomics,

imaging, and AI
Software & Tools: Ascend runs on Red Hat Enterprise Linux 9 and

supports a wide array of modern compilers, libraries, and scientific
software. Users can request additional packages as needed, and must
specify module versions when loading software.

Box 2 | Restructuring academic research information technology (RIT) service infrastructure

Under the CRIO’s leadership, OSUWMC restructured RIT support to
function as an independent operating unit. RITmaintains aweb presence
at http://go.osu.edu/RIT and this $5Munit includes investments from the
College ($2.5M) and supports in excess of $2.5M in grant-supported
service delivery. Investments in RIT fund endpoint support, personnel,
and shared computing environments. This ensures that faculty and
research teams have access to cloud-based discovery infrastructure,
high-performance computing, and secure data analytics platforms. This
realignment removed traditional departmental silos, creating five divi-
sions overseen by the Deputy CRIO (Supplement 3):
• Research User Design and Experience (RUDE) - Supporting user-

centered design and user experience as a service

• Research Infrastructure Development and Engineering (RIDE) -
Expanding scalable infrastructure and home to the RIT Cloud Center of
Excellence

• Research Informatics Software Engineering (RISE) - Supporting
research software development as well as Data Engineering for
research teams

• Electronic Data Capture (EDC) - The primary home of our REDCap
infrastructure as well as access to clinical systems

• Data Science and Governance Core (DSGC) - Overseeing data
governance activities, including data ingress and egress for biomedical
data with the institution.
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One of the most sensitive challenges in a RO-LHS is ensuring com-
pliant, efficient use of clinical data for research11,12. To address this,
OSUWMC established an honest broker protocol that periodically reviews
representative request samples to define concrete boundaries for data
release. Illustrated in Fig. 1, under this model the Honest Broker protocol
(Supplement 1) serves as the IRB of record for:

• Expedited releases of fully de-identified or limited datasets that pose
minimal re-identification riskwhich are not transferred to third parties
outside the University which are handled directly by honest brokers.

• Intermediate-risk requests—for example, those involving limitedPHI
elements or small cohort sizes—require PrivacyOfficer approval based
on predefined criteria (dataset scope, data sensitivity, research
purpose).

• High-risk or novel scenarios—such as cross-institutional data
sharing, rare disease cohorts, or requests involving genomic or
geolocation data—are automatically escalated to the Data Governance
Committee (or IRB) for formal review.

These granular decision pathways mean that honest brokers can act
autonomously within clearly defined performance envelopes, referring only
truly complex or sensitive requests for committee review. By balancing
researcher autonomy with responsible, tiered oversight, OSUWMC and its
partners can streamline data provisioning—reducing duplicate reviews and
unnecessary delays—so investigators remain focused on study objectives
and quality improvement. The result is faster, more predictable access to
approveddatawhile preservingpatient privacy and institutional compliance
particularly related to the delivery of concierge data requests. Continuous
refinement of these governance protocols ensures we maintain both inno-
vation velocity and the highest standards of data stewardship (Figs. 2–4).

LifeScale:
A Unified Data Integration System
Despite near-universal adoption of EHRs, many academic medical centers
continue to face systemic barriers that limit the integration of clinical and
research data into real-time systems. Fragmentation across data custodians,
incompatible schemas, protracted legal negotiations, and dependence on
bespoke informatics extractions constrain the pace of discovery and impair
the scalability of translational research. Taken together, innovations and
improvements in governance and technology has allowed for novel
approaches to bring data and technology closer to real time data transpar-
ency across the Academic Medical Center Enterprise. That is, in the face of
these structural limitations, OSUWMC and NCH developed LifeScale—a
unified, enterprise-grade data integration platform designed to enable
scalable, ethical, and efficient data use across operational, research, and
educational missions.

At its core, LifeScale consolidates diverse institutional data assets into a
governed research enclave, replicating a multiorganizational integration of
data fromOSUWMCandNCHinto a centralizedMicrosoftAzuredata lake
or connections to such data via Delta Sharing using Parquet file structures.
This architecture supports both native Epic schemas (i.e., Caboodle and
components of Clarity) and the Observational Medical Outcomes Part-
nership (OMOP)CommonDataModel aswell as curated data on telemetry
and alarms, social determinants of health via geolocated curation data13,
allowing investigators to pivot between detailed clinical data and standar-
dized observational frameworkswithout duplicative extract-transform-load
(ETL) processes [Fig. 2]. LifeScale is an IRB-approved, honest broker-
mediated, data repository where linkage is available across longitudinal
multi-institutional pediatric-adult datasets, facilitating mother-baby lin-
kages, transition-of-care studies, and lifespan research that have historically
been very challenging to execute at scale (Supplement 6).

Beyond the clinical record, LifeScale systematically integrates struc-
tural social determinants of health (SDoH), environmental exposures,
registries, and primary research data to support whole-person, context-
aware analyses facilitated through honest brokerage by the HIPAA covered

entity. The platform’s scope reflects a deliberate strategy to extend analytic
capacity beyond biomedical phenotyping, acknowledging the growing
evidence that non-medical drivers of health are central to effective LHS
interventions. By embedding these diverse data types into a common ana-
lytic environment, LifeScale supports multi-level studies that address the
complexity of health and healthcare delivery across populations and
over time.

A single, Reliant IRB protocol, combined with a jointly negotiated
Business Associate/Data Use Agreement between OSUWMC and NCH,
streamlines data sharing while ensuring HIPAA compliance and institu-
tional risk management (Supplement 6). The designation of RHI within
LifeScale provides investigators with access to coded-limited datasets that
maintain regulatory protections while allowing analyses at scale without
repeated expert determinations or bespoke de-identification workflows.
This governancemodel effectively reduces transaction costs and regulatory
latency, aligningdata access processeswith the rapid analytic cycles required
in modern translational research.

Technically, LifeScale operates as a fully provisioned secure analytic
enclave within Azure, supporting Databricks workspaces, John Snow Labs
natural language processing pipelines, Datavant privacy-preserving linkage,
and leveraging Medicom imaging de-identification services. The system’s
real-time, metadata-driven data pipelines enable continuous updates,
ensuring that both clinical and research stakeholders operate on the most
current data available. Importantly, the platform eliminates the traditional
dependencyon informatician-dependent data extractions by providing self-
service cohort identification and shared analyticworkspaceswith role-based
permissions, multi-factor authentication, and rigorous audit trails. This
design facilitates team-based science while preserving strict data govern-
ance, supporting both reproducibility and institutional compliance. Life-
Scale’s development is underpinned by a comprehensive governance
framework that enables secure, compliant data access while minimizing
operational friction. This framework provides the opportunity to expand to
other organizations, serving as a backbone for Data Coordinating Centers
that include other research partners.

Artificial intelligence (AI) models in LifeScale are deployed into RO-
LHS workflows through governance-driven integration with the health
system’s analytic center of excellence and Wexner Medical Center Infor-
mation Technology (WMCIT). Guided by clinical champions, governance
committees, and change management professionals, models are aligned to
the “Five Rights” framework for clinical decision support—ensuring the
right information reaches the right person, in the right format, through the
right channel, and at the right time in the workflow. This partnership
ensures that model deployment is technically feasible, clinically relevant,
and ethically sound, while embedding continuous monitoring and recali-
bration into real-world practice. By situating AI models within existing
operational and analytic infrastructures, LifeScale enables scalable and
sustainable implementation that supports both local improvement and the
generation of generalizable knowledge, fulfilling the core aims of the
RO-LHS.

The integration of NCH into LifeScale marked a significant expansion
of theplatform’s capabilities, connectingpediatric andadult records to cover
maternal-child linkage and self-self-linkage for transition of care. Through
privacy-preserving record linkage technologies—leveraging Datavant
tokenization14–17—the platform enables cross-institutional follow-up for
longitudinal studies that capture patient trajectories across complex care
pathways. This capability is particularly salient in pediatrics, where con-
tinuity of care frequently spans institutional boundaries and requires inte-
grated data for analyses of chronic diseasemanagement and developmental
outcomes. LifeScale’s cross-institutional integration thus enables compre-
hensive cohort discovery and multi-site observational studies that were
previously infeasible due to structural and legal barriers.

At NCH, adoption has accelerated with investigators across eight
pediatric subspecialties (e.g., neonatology, primary care, clinical genetics)
are actively using LifeScale for clinical research. NCH-originating data
requests increased throughout 2025 before any formal introduction of
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LifeScale was publicized. Projects now include observational studies and AI
development that leverage pediatric–adult linked cohorts. Engagement
spans research-focused faculty, clinician-investigators, and operational
leaders, demonstrating broad applicability across roles.

The LifeScale initiative reflects a deliberate institutional investment in
reusable infrastructure that moves beyond project-specific data provision-
ing to create durable capacity for continuous discovery, operational learn-
ing, and responsible innovation. It is grounded in a broader data vision to
include operations, research, and education. The associated data archi-
tecture was developed to identify clinical sources of data and establish
pipelines to move it into a common platform for operations and discovery.
Importantly, LifeScale was intentionally architected as an enterprise plat-
form rather than a research-specific DataMart.

Its development illustrates a replicable model for academic
medical centers seeking to operationalize LHS principles through
sustained governance transformation, technical innovation, and
inter-institutional collaboration. As real-world data continues to
expand in both scale and complexity, platforms such as LifeScale will
be essential to enabling ethically grounded, scientifically rigorous,
and operationally sustainable translational research at scale. By
aligning operational, research, and education infrastructures, the
platform reduces translational lag between clinical innovation and
empirical validation, while simultaneously preparing the institution
for emerging AI and multimodal analytics workloads. LifeScale’s
governed data architecture provides the controlled environment
necessary to support natural language processing, predictive

Fig. 1 | Honest Broker workflow.
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Fig. 3 | Paper form data extraction and EHR integration.
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modeling, and advanced machine learning applications while safe-
guarding patient privacy and institutional integrity.

The vision of aligning and making a version of operations data avail-
able to researcherswas explicitly focusedon reducing the time fromresearch
to practice18–20. In LifeScale, we removed the traditional role of the infor-
matician in data extraction and instead refocused them towards reusable
infrastructure and data models. Initially, differential privacy approaches
were explored with vendors, but many could not provide expert determi-
nation related to HIPAA for de-identification. Consequently, the use of a
coded-limited dataset was initiated—an investment that was impractical
using grant project funds–at scale that was viewed as an opportunity to
leverage our data in a meaningful way.

Strategic Evolution, Governance Operations, and Institutional
Alignment. The development of LifeScale required not only technical
innovation but also sustained institutional coordination to establish
scalable, compliant, and operationally durable research infrastructure.
OSUWMC and NCH approached LifeScale as an enterprise-level
investment, deliberately aligning data integration efforts with institu-
tional priorities in clinical care, research, education, and regulatory
compliance. This convergence of strategic planning, governance design,
and leadership commitment allowed LifeScale to evolve into a robust
platform capable of supporting real-world translational research at scale.

Operational governance within LifeScale is grounded in multi-layered
controls that ensure responsible data access and sustained regulatory
compliance. All users of LifeScale are required to complete mandatory
training on data privacy, compliance standards, and analytic best practices
prior to receiving access credentials. Access is provisioned through role-
based authorization models that restrict users to the minimum necessary
data for their research activities, with continuous audit trails and real-time
monitoring to detect unauthorized access or inappropriate use. Oversight is
provided by a multidisciplinary data governance board composed of
informatics leaders, regulatory experts, faculty representatives, legal counsel,
and information security officers from both OSU and NCH. This board
reviews data access requests, ensures ongoing adherence to institutional

policies, and maintains alignment between data use and institutional
research priorities.

The legal framework for LifeScale required more than a year of BAA/
DUA negotiation between OSUWMC and NCH to align governance and
risk tolerance across legal, compliance, informatics, and executive teams.
Including the security controls detailed elsewhere, we note that con-
sequential contractual terms concerned shared operational standards and
escalation mechanisms. The resulting agreements establish a durable,
enterprise-grade foundation for multi-institutional data sharing in support
of research.

To meet the security demands of multi-institutional data sharing,
LifeScale’s information security architecturewasdesigned to exceedbaseline
HIPAArequirements by adopting a security framework aligned to theNIST
SP 800-53 controls at the Federal Information Security Modernization Act
(FISMA) Moderate level. This compliance posture reflects the high-risk
profile of integrating identified clinical data across research and operational
domains. All data assets are encrypted both at rest and in transit, with strict
key management protocols and system-wide vulnerability monitoring.
Identity and access management incorporates multi-factor authentication,
least-privilege role assignments, and continuous behavioral auditing to
detect anomalous activity. In areas where partner institutions had differing
security postures, compromise frameworks were jointly developed to har-
monize breach notification timelines, incident response protocols, encryp-
tion standards, and audit logging procedures while preserving institutional
autonomy. This security architecture ensures that LifeScale remains both
research-enabled and enterprise-hardened, providing a compliant, scalable
foundation for data-intensive translational research.

As LifeScale continues to expand its institutional footprint and analytic
capabilities, its governance framework remains adaptable to emerging
challenges. Ongoing refinements include expanded audit mechanisms,
strengthened analytic transparency, and continuous alignment with evolving
federal and institutional regulations. LifeScale’s governance model balances
the demands of translational research with the obligations of regulatory
compliance, operational security, and public trust, offering a replicablemodel
for scalable enterprise data integration across the LHS landscape.

Fig. 4 | Portal data coordinating center software infrastructure.
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LifeScale and AI. Building upon the integrated infrastructure, LifeScale
is deliberately positioned to serve as a platform for AI and machine
learning (ML)-enabled translational research. A persistent challenge in
AI-driven healthcare research is securing access to sufficiently large,
diverse, and well-curated data sources that support both model devel-
opment and external validity. LifeScale directly addresses this challenge
by creating a centralized, longitudinal, and multi-institutional data
environment that supports advanced analytic workloads while main-
taining strict adherence to privacy and governance standards.

AI and ML applications require not only scale but diversity in patient
representation to avoid model bias and ensure clinical applicability across
heterogeneous populations. LifeScale’s integrated and layered data archi-
tecture, incorporating structured EHRdata, unstructured clinical notes, and
social determinants of health, with the capability of also including imaging
studies, creates a rich analytic substrate that enables the development of
generalizable AI models. The integration of NCH extends this capability
across the lifespan, supporting pediatric, adult, and maternal-child linkages
that historically, have been rarely available in unified analytic environments.

Recognizing the importance of data interoperability for reproducible
machine learning, LifeScale operates both Epic-native data models and the
OMOPCommonDataModel in parallel. This dual-model approach allows
researchers to harmonize analytic workflows across institutions and com-
pare model performance across differing data representations, while
simultaneously identifying potential sources of bias or e-iatrogenesis that
may arise from model portability. The alignment of OMOP with Epic
schemas further enables cross-institutional collaborations that leverage
common data frameworks while preserving institution-specific operational
data fidelity.

The platform incorporates several specialized AI-enabling technolo-
gies. Databricks provides scalable compute infrastructure for training and
validating large-scale ML models; John Snow Labs’ natural language pro-
cessing pipelines allow extraction of clinically relevant features from
unstructured physician notes, discharge summaries, and pathology reports
and also serves as the platform used to deidentify our clinical notes and
patient messaging; and Medicom enables de-identification of high-
resolution medical imaging, converting radiologic, pathologic, and cardio-
logic image archives into research-ready formats without compromising
patient confidentiality. Together, these tools extend LifeScale’s analytic
capacity beyond structured tabular data into multimodal AI, supporting
deep learning models that integrate both structured and unstructured
sources for comprehensive phenotyping and predictive modeling.

Importantly, LifeScale’s analytic enclave supports a zero-data-
movement model, where data remains within secure governed environ-
ments, andanalytic pipelines aredeployed intoproximitywith thedata.This
architecture not only reduces data movement risk but ensures compliance
with regulatory frameworks while maintaining analytic agility. Synthetic
data generation further expands LifeScale’s training and educational utility,
providing realistic yet privacy-preserving datasets that allow for model
prototyping, algorithm refinement, and skills development without acces-
sing identified clinical records. The availability of synthetic data has proven
valuable for training the next generation of data scientists, clinicians, and
biomedical informaticians in advanced analytic methods while preserving
patient confidentiality.

As AI models mature within LifeScale, they are directly positioned for
translational deployment within our RO-LHS framework. Risk stratifica-
tion, predictive modeling, and decision support algorithms derived from
LifeScale data can be rapidly embedded into operational workflows,
enabling earlier identification of at-risk patients, optimizing care delivery,
and supporting clinical decision-making at the point of care. The deliberate
coupling of AI development to governed enterprise data architecture
ensures that innovation remains aligned with institutional governance,
ethical standards, and clinical priorities.

Through LifeScale, OSUWMC and NCH have established an enter-
prise data platform that not only advances traditional clinical research but
serves as a durable, scalable foundation for responsible AI innovation in the

LHS context. As AI continues to transform healthcare delivery, LifeScale
offers a replicable model for institutions seeking to integrate AI research,
ethical data governance, and translational clinical impact within a unified
infrastructure.

Improving the Clinical Record through Automation:
A PARTNERed-enabled approach. A key component of the LHS involved
enhancing the quality of data in the EHR particularly during patient
engagement. LifeScale leverages clinical datawhichmeans that the quality of
data collection in the clinical engagement affects downstream research
usage. To explore ways to improve that data collection workflow, we
designed an IRB-approved protocol called PARTNER to create a learning
laboratory to explore the interfaces between patients and their clinical
experience.

The PARTNER protocol (Supplement 7), a research-oriented LHS
approach to innovation, is a repository protocol. The protocol is expansive
and includes both data and biospecimens in its design and has a goal to
engage patients in building a better LHS. At OSU, IT builds follow either an
IRB-approved track or a clinical use track; therefore, agreement on building
general use technology infrastructure to support research canbe a challenge.
An IRB-approved protocol that is amended for the purposes of testing
infrastructure has been a novel use of research infrastructure to advance
technological discovery.Within that framework, we have the capabilities to
perform Plan-Do-Study-Act (PDSA) testing by User Experience and
Design experts tasked with identifying best practices in the context of
research infrastructure design. For instance, we have used PARTNER as the
basis of deploying and testing consent prototypes in REDCap for electronic
consent with the goal of building template projects that can be used to
quickly advance and deploy general use infrastructure as best practice.

We have also leveraged PARTNER as a patient-inclusive learning
laboratory to explore workflow opportunities that chain technological
systems—Azure Document AI, REDCap, Epic SmartElements, Epic
Our Practice Advisories (OPAs), and clinical office scanners—to
enable teams to provide patient-reported outcome forms to patients
and research participants more efficiently. Leveraging in-house design
experts, we created forms that are optimized for digital capture on
paper, which are then distributed to research and clinical teams.
Patients complete these forms and return them to the front desk, where
a label is affixed to the first page before being uploaded via email using a
simple hotkey function on the scanner. Microsoft Azure Document AI
processes the document by separating it into component parts, iden-
tifying the forms involved, reordering them appropriately, and
extracting the responses into REDCap. Furthermore, these data are
prepared for integration into our Epic environment by triggering a
BPA based on a SmartData Element, which is activated when new
patient data (identified by the label) is available in the system. The BPA
performs a call that transfers the data into Epic Flowsheets and can also
present that information in a dashboard [Fig. 3].

This type of practice redesign, that is patient centered, is the
hallmark of patient centered clinical decision support (PC CDS)
integrates digital tools into clinical care to facilitate shared decision-
making that accounts for individual patient circumstances, values, and
preferences. PC CDS enables patients, caregivers, and clinicians to
jointly evaluate health-related choices by combining evidence-based
research, such as patient-centered outcomes research (PCOR) and
comparative effectiveness research, with patient-specific data. These
data can include patient-reported outcomes, patient-generated health
data, social determinants of health, and individual preferences. We use
PARTNER to experiment on ways to create effective PC CDS that
enables the institution to engage patients and caregivers directly
through applications, patient portals, and point-of-care interfaces,
creating opportunities for meaningful dialogue and collaborative
decision-making between patients and clinicians. By creating a
workspace where approaches for supporting these interactions can
occur, we can create lower transaction cost routes for PC CDS to
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enhance the delivery of care that is aligned with each patient’s unique
needs and goals, and subsequently improve data capture and reduce
costs, thereby improving both the clinical and research work of our
organization through higher data quality.

Further, we can deploy forms in diverse languages that are pre-
programmed to render in Epic in the appropriate data elements, reduce
workloads associated with data transcription, and present data in a manner
that ismorepatient-centric.AtOSU, theHT2clinical trial found that paper-
based workflows had a 99.5% completion rate while tablet-mediated
approaches had only an 80%completion rate21. The data quality gap created
by technology-enabled workflows may lower organizational data collection
costsby avoiding costly data entry costs - frequently byoverextended clinical
staff - but result in lower quality data collection. This is often exacerbated by
the additional data loss created by clinicians potentially using the paper
forms in a clinical encounter without entering that data into the EHR. By
focusing technology on mediating the effort to make paper data digital (a
workflowwe call paper-to-plastic)we support patient-centered engagement
in research and practice.

In this context, thewhole systemchangeapproach–onewhere thegoal is
to move beyond the silos where positive deviance in practice change is reg-
ularly practiced, the need for approaches that generalize to the enterprise
becomes critical. Although this might not be the experience of every organi-
zation, working within existing frameworks is crucial for advancing infra-
structure. Earlier efforts to adopt technology-mediated privacy-preserving
machine learning (PPML) illustrate an attempt to introduce innovations
outside the organization’s usual practices. Despite efforts to familiarize the
organization with such technology, the opaque nature of PPML placed it
outside the organization’s acceptable risk parameters. After 12 months of
attempting todeploy the technology, these effortswere redirectedby theCRIO
towards more familiar processes involving coded-limited data. Recently, the
organization has reconsidered approaches to PPML as it has gained wider
acceptance. Often, the research mission paves the way for innovative
approaches, and while they may not initially be adopted, revisiting previous
presentations can help establish understanding among senior leaders.

Methods
Governance and Oversight
A unified governance model integrates privacy, compliance, and research
oversight. The Honest Broker protocol (Supplement 1) defines data
extraction and de-identification workflows under the Research Health
Information (RHI)framework, which differentiates research data from
Protected Health Information (PHI). The LifeScale repository protocol
(Supplement 6) enables federated data integration through a jointly exe-
cuted Business Associate/Data Use Agreement, while the PARTNER pro-
tocol (Supplement 7) provides a patient-inclusive environment for testing
user experience and workflow innovations. All protocols align with the
Common Rule and HIPAA Privacy Rule.

Data Sources and Security
The LifeScale platform integrates Epic-derived EHR data, registries, social
determinants of health, and environmental data within an Azure-based,
PHI-compliant data lake. De-identification and linkage use Datavant
tokenization, with data access is mediated through honest brokers. All
storage and transmission are encrypted (AES-256, TLS 1.3), and access is
role-based with multi-factor authentication and continuous auditing.

Computational Environment
Analyses are performed within governed analytic enclaves on Azure
Databricks and theOSC’sAscend cluster, bothoperatingunder institutional
business agreements and aligned to NIST SP 800-53 (FISMA-Moderate)
standards.

Ethical Compliance
IRB approvals included LifeScale (#2020H01234), Honest Broker
(#2021H00456), and PARTNER (#2022H00089). All methods followed

relevant regulations and institutional policies; de-identified or coded-
limited data were used where appropriate.

Discussion
Taken together, these opportunities enable the institution to leverage
research to advance our collective discourse on what is possible, reduce
transaction costs of suchdeployments, and generalize that knowledge across
projects [Fig. 4]. The LHS model isn’t simply about moving from clinical
operations to research, but rather to lower the barriers for engagement
through learning across the system. If research is part of our LHS, then
repurposing infrastructure is a critical component of that approach. The
CRIO’s office is responsible for looking at the research experience to
ask the value question related to large scale research investments that
could benefit from expanded investments across the portfolios. Two
examples below – Portal and MPRT – represent such examples that
we explicitly invest in as an organization to enable new kinds of
research or expand our capabilities to serve as an agent of change
locally, within our state, or nationally.

As part of the HEALing Communities Study (HCS), RIT developed
technology to create community-level data coordinating center
infrastructure22. Named Portal, this technology has been repurposed for use
in our data coordinating center infrastructure as part of a broader vision to
support such endeavors23. While a research project might produce specific
artifacts, investing in sustainability at the institutional level allows the
organization to learn from domain-specific projects designed for research.
In the case of HCS, the dashboard project was transferred to the State of
Ohio to aid their efforts in providing data on the Opioid crisis24. Portal
(portal.osu.edu) disseminates public announcements, papers, dashboards,
documents, and calendars on a public website, while creating a restricted
data compliant secure backend that includes study-level and site-level
microsites. This infrastructure is deployed as a REDCap external module
with lightweight tools aimed at simplifying engagement. Using this system,
research projects can quickly and efficiently establish the necessary infra-
structure, moving swiftly from concept to implementation. As an illustra-
tion, we established the LifeScale community of practice website in just
2 days (http://lifescale.osu.edu), and the technology currently supports 11
data coordinating centers.

As part of Ohio Medicaid’s Infant Mortality Research Partnership
(IMRP), we developed the Medicaid Perinatal Risk Toolkit (MPRT), a
cloud-native, electronic health record–integrated system designed to sup-
port perinatal care coordination and risk stratification.MPRT leverages Fast
Healthcare Interoperability Resources (FHIR)-based data extraction to
populate a predictive model, derived from a linked dataset of over 500,000
Ohio pregnancies, which estimates the probability of adverse maternal and
infant health outcomes. The toolkit delivers these risk estimates and relevant
clinical data to a centralized State of Ohio hub, facilitating timely colla-
boration withMedicaidManaged Care Organizations. Hosted within Ohio
State’sMicrosoft Azure environment,MPRT is deployed in hospitals across
the state and includes both clinician-facing and patient-facing components
to support decision-making at the point of care.

To ensure scalability and resilience, MPRT was architected using
standardized data models and continuous integration/continuous
deployment (CI/CD) workflows—methods more typical of enterprise-
grade systems than academic prototypes. Recognizing that traditional
research IT environments often lack the governance structures needed
for production-scale deployment, we established an internal Cloud
Center of Excellence to formalize infrastructure, security, and com-
pliance processes. This framework not only enabled rapid and
responsible adoption of cloud technologies for MPRT but also served
as a reusable governance model for other research technologies. By
balancing innovation with operational discipline, we demonstrated
how research IT can create shared infrastructure that accelerates
institutional readiness, facilitates broader clinical integration, and
produces public goods in the form of scalable, standards-based tech-
nology (Box 4).
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Conclusion
This case study offers a roadmap for institutions seeking to build or
refine their own RO-LHS. The initiatives described—spanning data
governance innovations, AI-ready infrastructure, patient-centered
CDS, and cloud-based scalability—are not unique to OSUWMC in
their need or importance. Rather, they represent transferable strate-
gies that can be adapted to diverse organizational contexts. From the
deployment of LifeScale as a multi-institutional research platform to
the operationalization of new information security and compliance
models, this work provides tangible examples of how institutions can
navigate complexity while maintaining alignment with regulatory
frameworks and research imperatives.

Importantly, the transformation at OSUWMC has shown that
research IT can function as a catalyst—not a constraint—when supported
by clear governance, institutional leadership, and a culture of collaboration.
Efforts to integrate patient-generated data, facilitate shared decision-mak-
ing, and support federated AI model development demonstrate that it is
possible to meet the demands of modern translational science while
upholding ethical, equitable, and patient-centered values.

Looking ahead, the path to a fully realized RO-LHS will vary by
institution, but the principles outlined here—standardization, gov-
ernance, interoperability, and sustained cross-sector engagement—
are broadly applicable. As healthcare systems continue to grapple
with fragmented data, operational silos, and evolving regulatory
expectations, the OSUWMC/NCH experience offers both practical
insights and aspirational guidance. We remain optimistic that as
more institutions adopt similar strategies, a national ecosystem of
interconnected, research-enabled LHSs will emerge—one capable of
accelerating discovery, improving population health, and trans-
forming care delivery for decades to come.

In summary, the development of a RO-LHS at OSUWMC and NCH
demonstrates the feasibility and value of aligning research infrastructure,
clinical operations, and data governance within a unified strategic frame-
work. By combining robust policy development, agile yet compliant data
integration strategies, and a deep commitment to interdisciplinary colla-
boration, OSUWMC has built a durable foundation that supports con-
tinuous learning, accelerates discovery, and improves clinical outcomes.

Data availability
No datasets were generated or analysed during the current study.
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