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Abstract

Introduction: Integrating social and environmental determinants of health (SEDoH) into
enterprise-wide clinical workflows and decision-making is one of the most important and
challenging aspects of improving health equity. We engaged domain experts to develop a
SEDoH informatics maturity model (SIMM) to help guide organizations to address technical,
operational, and policy gaps. Methods: We established a core expert group consisting of
developers, informaticists, and subject matter experts to identify different SIMM domains and
define maturity levels. The candidate model (v0.9) was evaluated by 15 informaticists at a
Center for Data to Health community meeting. After incorporating feedback, a second
evaluation round for v1.0 collected feedback and self-assessments from 35 respondents from the
National COVID Cohort Collaborative, the Center for Leading Innovation and Collaboration’s
Informatics Enterprise Committee, and a publicly available online self-assessment tool. Results:
We developed a SIMM comprising seven maturity levels across five domains: data collection
policies, data collection methods and technologies, technology platforms for analysis and
visualization, analytics capacity, and operational and strategic impact. The evaluation
demonstrated relatively high maturity in analytics and technological capacity, but more
moderate maturity in operational and strategic impact among academic medical centers.
Changes made to the tool in between rounds improved its ability to discriminate between
intermediate maturity levels. Conclusion: The SIMM can help organizations identify current
gaps and next steps in improving SEDoH informatics. Improving the collection and use of
SEDoH data is one important component of addressing health inequities.

Introduction

Social determinants of health (SDoH) are defined by the World Health Organization as “the
conditions in which people are born, grow, work, live, and age, and the wider set of forces and
systems shaping the conditions of daily life” and include factors like socioeconomic status,
education, neighborhood and physical environment, employment, social support networks, and
access to health care [1]. Despite significant advances in high-quality healthcare access, health
inequities in the United States persist by race, ethnicity, sexual orientation, gender identity, and
disability, as well as by economic and community-level factors such as geographic location,
poverty status, and employment. Socioeconomic status is perhaps the central concept that
brings together the set of social determinants that shape health and plays a critical role in driving
disparate health outcomes [2]. One study estimated that socioeconomic factors alone may
account for 47% of health outcomes, while health behaviors, clinical care, and the physical
environment account for 34, 16, and 3% of health outcomes, respectively [3].

In recent years, both public health and not-for-profit organizations have increasingly been
focused on addressing SDoH and their impact on each individual’s overall wellness and the
ability of people to access healthcare services. For example, the Department of Health and
Human Services (HHS) launched Healthy People 2030 [4], which has made a broader audience
aware of SDoH issues. The COVID-19 pandemic has also shed light on the systemic drivers of
health inequities in our society as well as innovative technology solutions to help mitigate the
effects of the pandemics [5–9], specifically, the need for clinical data sharing and the collection
and integration of high-quality SDoH data. The pandemic has also revealed the coupled role of
the clinical health system and the non-clinical aspects that influence patient well-being and
ability to maintain physical and mental wellness. The role of the social environment and
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structural barriers inherent to access to care and supportive
resources has led to a focus on community-level effects and
information captured by different spatial data products, sometimes
termed as social and environmental determinants of health
(SEDoH) to emphasize the role of the environment [10].

Fundamentally, to address health disparities and improve
patient health outcomes, health systems need the ability to gather,
track, quantify, and use SEDoH data. Unfortunately, many of our
health information systems and medical terminologies were not
designed to capture this information [11]. This, combined with the
fact that our understanding of SEDoH is still evolving, has resulted
in many organizations making little or no progress inmeaningfully
gathering SEDoH data. One way to address the current state is
through maturity models. Maturity models are self-evaluation
tools that reflect best practices and can help organizations identify
gaps, prioritize investments, and develop institutional roadmaps
and strategies for growth. They are “based on the premise that
people, organizations, functional areas, processes, etc., evolve
through a process of development and growth towards a more
advancedmaturity accomplishing several stages [12].” Examples of
clinical informatics maturity models include The HIMSS
Electronic Medical Record Adoption Model [13], the Continuity
of Care Maturity Model [14], and the Quintegra maturity model
for electronic healthcare (eHMM) [15]. There has also been active
development of research informatics maturity models, focusing on
domains like research data warehouses and research data sharing
[16–18]. Models exist covering a variety of domains, including the
PACS (picture archiving and communication systems) [19] and
Healthcare Analytics Adoption Model for data analysis [20], but
no models focus on SEDoH information that will facilitate
organizational advancements. The 2019 Parkland Center for
Clinical Innovation SDOH Maturity Model [21] is intended to
guide healthcare system executives when designing population
health programs and developing patient-specific treatment plans,
but it is focused on the behaviors and actions of leadership teams,
rather than informatics.

Informed by our prior work focused on SEDoH [9,22–24] and
supported by the Center for Data to Health (CD2H), we set out to
develop and evaluate an SEDoH informatics maturity model. The
goal of this project is to create a tool that can help organizations
identify gaps and prioritize investments in their policies, processes,
and technologies related to the capture and use of SEDoH data.
Ultimately, better data and data-driven decision-making will help
improve health outcomes for underserved and marginalized
populations.

Materials and methods

Development phase

To develop the SEDoH informatics maturity model (SIMM), we
leveraged the guidance provided by CD2H in developing self-
assessment maturity tools, aligned with CD2H Informatics
Maturity and Best Practices Core’s mission of supporting
development and dissemination of best practices in data use and
informatics to the Clinical and Translational Science Award
(CTSA) community [25].

Establishing thematuritymodel was amulti-step process (Fig. 1).
First, we established a core expert group consisting of developers,
informatics champions, and subject matter experts at the University
of Southern California, Children’s Hospital Los Angeles, and
University ofWashington. The next step involved extensive training

on maturity model processes and procedures, including a review of
over 30 existing informatics maturity models curated by author AW
and colleagues. Conceptually, the model was informed by HHS’
Healthy People 2030 and the socioecologicalmodel of health (Fig. 2).
The core group identified the different dimensions/domain axes of
the maturity model and iteratively reviewed them with external
reviewers from CTSA hubs/CD2H leadership. This was followed by
defining the maturity levels for the model. Seven levels were chosen
instead of the typical five to provide additional granularity and
specificity on the various intermediate steps toward SEDoH data
maturity across the five domains. In all cases, we used a consensus
approach in which all topics and levels were discussed until we
arrived at a unanimous decision.

Alignment of Maturity Model with Principles of
Implementation Science. Due to the complex nature of adopting
SEDoH into healthcare delivery systems, we aimed to better align
maturity modeling with principles of Implementation Science.
For example, in addition to descriptions of technical assets and
processes, we included domains for data collection policies and
organizational and strategic maturity. These allow for the self-
evaluation of organizational needs that have been highlighted in
Implementation Science frameworks such as the Practical,
Robust Implementation, and Sustainability Model and the
updated Consolidated Framework for Implementation
Research that explicitly address organizational and structural
determinants of achieving maturity goals, such as policy,
management, and resourcing postures [26,27].

Model description

We established a seven-level maturity model to map how SEDoH
processes can reach maturity in each of five domains. This model
may reflect the evolution, improvement, and transformation of an
organization’s capacity over time and captures its capabilities at
each intermediate level.

The scope of every domain was iteratively defined during the
development of the SIMM. During the development phase, the
characteristics of maturity levels were established. A generic
description of maturity levels outlined in Table 1 served as a
foundation for developing maturity statements for every domain.
To support the use of the SIMM tool, detailed narrative
descriptions were developed for each of the seven maturity levels
across all five domains (Table 2). The narratives for every level
provide a detailed explanation of the stages from the simplest, ad
hoc stage to the advanced, systematized, and optimized level. The
goal of this maturity model was to offer an opportunity for
institutions to have a structured way to identify their current level
of capability or maturity with SEDoH information and find the gap
between where they are and where they want to be to remain
competitive and innovative. In this model, an institution is defined
to be at a specific maturity level for a given domain when the
process attributes for the lower maturity level(s) were fully
achieved and the attributes for the specific maturity level were fully
or largely achieved.

The model also includes a description and quantification of
data sources that captures whether institutions are using patient-
level SEDoH data (e.g., self-reported assessments) or contextual
SEDoH data (e.g., geocoded variables extracted from the American
Community Survey [28]). This section of the tool helps
organizations catalog their SEDoH data sources and qualify
patient-level data with a categorical hierarchy of ad hoc tools,
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validated and standardized tools, and validated tools augmented
with items specific to the population of interest.

Evaluation phase

We performed two rounds of evaluation of the SIMM with
respondents recruited from the CTSA network and CTSA-related
activities, such as the Informatics Enterprise Committee (IEC),
National COVID Cohort Collaborative (N3C), and CD2H.

First round

To evaluate the relevance of the identified domain axes and the
established levels of maturity, the first version of the SIMM (v0.9)
was reviewed at the CD2H InformaticsMaturity and Best Practices
community meeting in May 2020 by 15 informatics experts. Data

were collected using Zoom’s polling feature. The goal of the review
meeting was to discuss and solicit comments on the candidate
maturity model. To select a level for each domain axis, the
attendees were asked to think about the highest level in the SIMM
at which their organization consistently and comprehensively
operates on a daily basis. The recommendations of the working
group were compiled, and modifications were made to better
describe the levels of maturity (SIMM v1.0) as well as to provide
more context for improvement opportunities. In the case of
conflicting recommendations, the same consensus approach
described above was used.

Second round

We gathered data to evaluate SIMM v1.0 across three different
opportunities. SIMM (v1.0) was presented at the N3C SDoH

Figure 1. Process diagram illustrating the steps in the development of the social and environmental determinants of health informatics maturity model. SIMM = social &
environmental determinants of health informatics maturity model, CD2H = Center for Data to Health, N3C = National COVID Cohort Collaborative, IEC= the Center for Leading
Innovation and Collaboration’s Informatics Enterprise Committee.

Figure 2. Conceptual model for social and environmental determinants of health informatics maturity model. Colors and icons adapted from Healthy People 2030, US
Department of Health and Human Services, Office of Disease and Health Promotion. SDoH = social determinants of health, SEM= socioecological model of health.
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workgroup meeting in July 2020 and the University of Rochester’s
Center for Leading Innovation and Collaboration IEC meeting in
February 2021. During these virtual meetings, an overview of the
need, rationale, and applications of the model was presented, and
the attendees were asked for feedback. Then, they were sent a
Google Form survey via e-mail that included the self-assessment
and an opportunity to provide additional feedback on the tool
itself. Comments were received from 21 respondents (12 IEC and
nine N3C). The survey was anonymous and did not gather
information about the individual or their home institution, but it
was only distributed to individuals who are part of the CTSA
Network.

The third evaluation opportunity in Round 2 was a publicly
available online self-assessment. SIMM v1.0 was built using
REDcap MariaDB SQL instance and added to the University of
Washington’sMaturityModel Self-Assessment Toolkit, along with
other models such as the Research Informatics & Open Science
Maturity model [25] (the toolkit is now being managed by
Northwestern University). Users accessed the SIMM v1.0 assess-
ment within the Maturity Model Resource Portal, an HTML front-
end interface designed on top of a react.io framework with the
REDCap server after institutional identity and access management
steps. Users could login with their portal credentials, or complete
any assessment anonymously as a guest. In total, 14 respondents
representing 11 institutions (one from the South, seven from the
Midwest, and three from the West Coast) completed the self-
assessment between July 2020 and February 2022.

Ethical considerations

This project does not meet the definition of human subjects
research and was deemed exempt by the Children’s Hospital Los
Angeles IRB, IRB# CHLA-20-00249.

Results

We developed a SIMM comprising seven advancing levels of
maturity across five domain areas of data collection policies,
data collection methods and technologies, technology platforms
for analysis and visualization, analytics capacity, and opera-
tional and strategic impact (Fig. 3). The model also includes an

assessment of data sources for both person-level and contextual
SEDoH data.

SIMM Assessment Results – First Round (v0.9)

As seen in Figure 4, fifteen informaticists participated in the first
round to evaluate SIMM v0.9. Over half of the respondents
reported that their organizations had no standardized policies in
place for collecting SEDoH data across their organization. Our data
suggest that it was mostly ad hoc or some individuals followed
consistent data collection practices. For the data collection
methods and technologies domain, a majority of the respondents
endorsed level 4 as the lowest maturity level, indicating that
although SEDoH data was collected electronically using third-
party platforms (e.g., Purple Binder), it was not integrated with the
EHR. The maturity of technology platforms for analysis and
visualization ranged from level 1 to level 6, with the majority
centered around themiddle levels. Similarly, with regard to SEDoH
data, analytics capacity spanned from the lowest to the advanced
maturity stages.

SIMM Assessment Results – Second Round (v1.0)

After revising the SIMM, 35 participants evaluated SIMM v1.0 in
the second round. The maturity of the data collection policies and
the data collection methods domain was centered around the
middle levels. The majority of organizations indicated a higher
maturity for the technology platforms for analysis and visualiza-
tion domain. Analytics capacity dimension ranged from the least
advanced to the most advanced maturity level and a similar trend
was witnessed for the operational and strategic impact domain.

Discussion

SEDoH informatics maturity model

While the concept of maturity models is not new to the healthcare
field, its application to the SEDoH domain has not been extensively
researched. In the present study, we defined a seven-level maturity
model with a three-fold objective: first, to assist organizations in
self-assessing their current level of informatics maturity in relation
to SEDoH capability, second, to help organizations with derivation

Table 1. Generic description of each maturity level in the social and environmental determinants of health maturity model (SIMM).

Level Description

Level 1: Absent At this level, no data collection policies, methods, technology platforms, analytics capacity, and operational and strategic impact
exist.

Level 2: Ad Hoc Ad hoc, unstructured, chaotic, minimal, or no coordination.

Level 3: Emerging It is characteristic at this level that some SEDoH processes are repeatable, possibly with consistent results. This level could be
considered as an originating/developmental stage.

Level 4:
Coordinated

This level is characterized by coordination and communication between the different groups. Leadership is typically supportive, but
does not provide designated resources for support. Success is still mostly a function of a few individual groups’ passion for making
SEDoH happen.

Level 5: Supported At this level, institutional support services related to SEDoH are established with support by leadership. There is operational and
technical support as well as formal support for the piloting and launch of new services.

Level 6: Integrated SEDoH data are readily available across the institution and information decision-making.

Level 7:
Transformative

At the top maturity level, organizations start to learn from the collected SEDoH data. They are fully leveraging SEDoH, designing
and developing their own SEDoH solutions to meet their innovative needs. The organization is continuously reviewing and
improving its capabilities.

SEDoH = the social and environmental determinants of health.
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Table 2. Maturity level descriptions for the five domains of the social and environmental determinants of health informatics maturity model (SIMM)

Level Description

Domain 1: Data collection policies

Level 1: Absent Institutions are not collecting SEDoH data (collecting demographics, such as race and ethnicity, does not qualify as SEDoH
data collection). No well-defined, operational data collection policies in the organization.

Level 2: Ad Hoc Ad hoc. No policies exist yet but various groups in the organization are collecting SEDoH data inconsistently.

Level 3: Emerging Individuals with consistent SEDoH data collection practices.

Level 4: Coordinated Certain groups, like clinics within a division (e.g., labor and delivery clinic), have standardized policy for SEDoH data
collection.

Level 5: Supported Standard policy for SEDoH data collection exists at the division level of an organization (e.g., Division of Obstetrics and
Gynecology).

Level 6: Integrated Few departments/ sections within a division of the organization (e.g., Department of Medicine) have a standard policy for
SEDoH data collection.

Level 7: Transformative Standardized data collection policy for SEDoH exists at an organizational or institutional level.

Domain 2: Data collection methods and technologies

Level 1: Absent Paper-based SEDoH data collection.

Level 2: Ad Hoc Electronic data collection that is not part of the EHR or it is being done for research only.

Level 3: Emerging SEDoH data are unstructured and free-texted within the EHR.

Level 4: Coordinated Electronic, structured SEDoH data collection using a third-party platform such as Purple Binder or native solutions such as
Qualtrics. Data collection is not integrated into clinical workflow.

Level 5: Supported EHR-linked, structured data collection. For example, using the SDOH Wheel in Epic or Cerner Determinants of Health to
intervene at the point of care using evidence-based screening tools and gain a better understanding of the social risk factors
impacting your patient population.

Level 6: Integrated Integrating historical data from external sources (e.g., USDA, EPA, ACS)**

Level 7: Transformative Dynamic query of external sources** to bring in real-time or near-real-time actionable information.

Domain 3: Technology platforms for analysis and visualization

Level 1: Absent No specific technology platforms are used for SEDoH data analysis and visualization.

Level 2: Ad Hoc Non-EHR, basic software is used for data visualization and performing analysis (e.g., Excel)

Level 3: Emerging Non-EHR, interactive visual analytics platform in use(e.g., Power BI or Tableau)

Level 4: Coordinated Analytics and visualizations are embedded in the EHR, that is, EHR-linked (HL7 or FHIR integration) analytics platform. This is
non-actionable, read-only information, like a PDF where you are presenting the information to the user but there is no
specific pathway that is triggered by that information.

Level 5: Supported EHR-linked integrated and interactive analytics capability. This means that the information is actionable (e.g., it can trigger a
CDS pathway or an order for a social work consult) or it creates a structured data field, such as a risk profile, that can be
used to identify risk and group patients.

Level 6: Integrated EHR-based integrated analytics and population health platform in use to support specific care management goals.

Level 7: Transformative EHR-based integrated analytics and population health platform, enriched with external feed, such as ACS data or USDA data.

Domain 4: Analytics capacity

Level 1: Absent Data within the technology platforms is not being used for analysis.

Level 2: Ad Hoc Standardized terminology is used to represent SEDoH concepts and data elements across the institution.

Level 3: Emerging Internal reporting of SEDoH data, that is, reports and dashboards are created for internal consumption of the institution.

Level 4: Coordinated Creating reports and dashboards for external agencies (for community benefits requirement, for federal agencies, etc.)

Level 5: Supported SEDoH data are being used for waste and care variability reduction.

Level 6: Integrated SEDoH data are being used for population health management, for example, identifying high-risk patients for targeted
interventions.

Level 7: Transformative SEDoH data inform precision medicine and prescriptive analytics initiatives resulting in a learning healthcare system.

Domain 5: Operational and strategic impact

Level 1: Absent Leadership is not committed to SEDoH data initiatives.

Level 2: Ad Hoc SEDoH data are presented for research or projects only.

(Continued)
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Table 2. (Continued )

Level Description

Level 3: Emerging Presenting SEDoH data at point of care to help clinicians make clinical decisions.

Level 4: Coordinated SEDoH data inform department or division or clinic decisions within an organization (e.g., use of heat maps to assess high-
prevalence asthma areas for establishing outpatient clinics).

Level 5: Supported SEDoH services center (infrastructure and operational unit) that operates to support patient-specific SEDoH needs and
delivery of services to address SEDoH.

Level 6: Integrated SEDoH data guide programmatic implementation, that is, all organizational decisions (not just specific SEDoH initiatives)
take into consideration the SEDoH data about the target population. For example, hiring Spanish staff for a population with
30% Spanish patients.

Level 7: Transformative SEDoH data influence strategic and financial decisions at the highest organizational level. Organizational leadership is
committed and makes decisions based on SEDoH data, including allocation of significant financial resources.

ACS= American community survey; = clinical decision support; CDS PDF= portable document format; EPA= Environmental Protection Agency; FHIR= fast healthcare interoperability
resources; HER= electronic health record; HL7 = health level 7; SEDoH = social and environmental determinants of health; USDA= United States department of agriculture.
Data sources for social and environmental determinants of health (SEDoH) informatics maturity model include Person-level data (SEDoH data about an individual, ideally self-reported, and
often collected using standardized and validated instruments) and Contextual data (Data about the environments in which a patient lives). All of the levels and descriptions outlined below apply
to both personal and contextual data, except where noted.
**Primarily for contextual data, but also personal data where relevant;, patients are providing personal-level SDoH data to some other entity, and the health system in question is integrating it into
their data.

Figure 3. The social and environmental determinants of health informatics maturity model (SIMM) with Data Sources Assessment. EHR= electronic health record. SEDoH =
social and environmental determinants of health, ACS = American Community Survey, SSDI= social security death index, USDA= United States Department of Agriculture,
EPA = Environmental Protection Agency, CDC = Centers for Disease Control and Prevention.
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of a gap analysis, and third, to outline steps that they can take to
improve their current level of maturity.

The SEDoH maturity model consists of 35 maturity statements
categorized under five domains of data collection policies, data
collection methods and technologies, technology platforms for
analysis and visualization, analytics capacity, and operational and
strategic impact. Domain experts reviewed our SEDoH maturity
model to evaluate the conceptual completeness of the model (i.e.,
appropriateness of the domains and levels, as well as usefulness and
ease of use). Two rounds of assessment and feedback by experts at
N3C, IEC, and across the CTSA network suggest reasonable real-
world applicability.

The distributions of responses were broader and more even in
all but one domain in the second evaluation round compared to the
first round (Fig. 4), suggesting that the edits made to the SIMM tool
for v1.0 increased its capacity to discriminate between stages of
maturity. Our assessments reveal that a consistent finding across
both stages of assessment was that none of the respondents
suggested level 1 for three out of the five domains, (i.e., “Data
collection policies,” “Data collection methods and technologies,”
“Operational and strategic impact”). This could be seen as a
manifestation of the initial commitment of many organizations to
improve efforts related to SEDoH data. Another interpretation
could be that existing maturity in other informatics domains might
translate to a basic level of maturity for SEDoH data (no other
informatics maturity assessments were performed, but this could
be a reasonable assumption given that all respondents were from
the CTSA network). Further, an important finding of the round
one assessment was that organizations endorsed maturity levels 4,
5, and 6 for the “Data collection methods and technologies”
dimension of the maturity model, with over half suggesting the
middle-level maturity at level 4. This growing momentum likely
reflects a confluence of several phenomena: first, an increasing
recognition of the importance of SEDoH at a community, regional,
and national level [29], especially since the COVID-19 pandemic,
as well as recent initiatives leading to the adoption of solutions that

connect healthcare and community partner stakeholders together
to move the needle on social determinants. In addition, the recent
federal reforms of health care and health information technology
(IT) facilitate data collection by extending investment in electronic
health records to healthcare providers that receive public funds
[30], as well as incorporating social determinants into EHR to
promote patient and population health [31]. Novel initiatives have
emerged to address socioeconomic and non-medical health
determinants within the framework of the healthcare delivery
system. These encompass Medicaid efforts led by states or health
plans, multipayer federal and state initiatives, and provider-level
activities aimed at recognizing and resolving the social and non-
medical needs of their patients [32].

Importance of SEDoH and SIMM: Now More Than Ever

Despite a shift in our understanding of health and its determinants
over the past few decades and improvements inmedical care and in
disease prevention, population-level health inequalities in health-
care result in $309 billion in losses to the economy annually,
disproportionately affecting minoritized and underserved com-
munities [33]. In recent years, public health leaders and researchers
in the United States have increasingly recognized that medical care
alone cannot adequately improve health overall or reduce health
disparities without also addressing where and how people live [34].
Social, economic, and environmental factors influence health
behaviors and are primary drivers of health outcomes. For
instance, children born to parents who have not completed high
school education are more likely to live in an environment that
presents obstacles to healthy living, such as exposure to trash,
substandard housing, unsafe living conditions, limited access to
playgrounds, etc [35]. The COVID-19 pandemic highlighted on a
national scale many of the existing inequities. According to the
CDC, people of color had higher rates of infection, hospitalization,
and death due to COVID-19, resulting from an increased risk of
exposure to the virus due to living, working, and transportation

Figure 4. Comparison of responses to the social and environmental determinants of health informatics maturity model (SIMM) self-assessment survey between version 0.9 (First
round, n= 15) and version 1.0 (Second round, n= 35).
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conditions, as well as witnessed increased barriers to treatment due
to existing disparities in access to health care [36]. Capturing and
collecting SEDoH data in clinical settings is essential to reduce
health inequities, improve health, and control healthcare costs
[37,38], according to a 2014 report from the Institute of Medicine
[39]. For example, Hennepin County Medical Center standardized
food insecurity screening at two outpatient clinics that used an
EHR-based food resource referral system. It was observed that
systematic screening increased Senior Care referrals by 1,450%
(P< .001) and Pediatrics recorded a 275% referral increase
(P< .001) [40]. Given the broad recognition of the increasing
need to address SEDoH in healthcare, the SIMM is a timely and
important tool to help identify areas where organizations are not
operating optimally and allow them to determine strategies that
can improve their operations and processes. Further, the impact of
maturity model implementation can be learned from a recent
mixed methods case study in Australia that indicated that higher
digital health maturity was associated with better outcomes,
including maintaining a patient health record, tracking patient
experience data, tracking the patient journey, and mitigating the
clinical risk [41].

Challenges in accessing and analyzing SEDoH data

While it is being increasingly accepted that SEDoH data should be
routinely incorporated into clinical decision-making to improve
patient outcomes and operational efficiency, collecting and
analyzing this data remain inherently challenging. It is unclear
whether or not SDoH are frequently recorded as part of the
standard clinical care [42]. Our study findings also demonstrate
that standardized data collection policies were endorsed only by
individuals or small organizational subunits. Data harmonization
across clinical, public health, and administrative datasets continues
to be a significant challenge [43]. Moreover, while it is easy to free-
text this information within the electronic health record (EHR),
extracting unstructured data from narrative notes requires time-
consuming manual chart reviews or the use of advanced natural
language processing [44]. In addition, the healthcare industry
primarily relies on administrative claims data to evaluate SDoH
[45,]. However, it is important to realize that the documentation of
this data within the EHR is inconsistent and spotty due to lack of
standards for capturing this data in a structured format. To address
these unmet needs, SEDoH extraction research from unstructured
clinic notes has been increasing [46]. A variety of SEDoH, such as
substance use, work, housing situation, environmental factors,
physical activity, sexual factors, transportation, education, and
language, have all been annotated in clinical corpora [47–50]. The
i2b2 NLP Smoking Challenge introduced a corpus of 502 notes
with tobacco use status labels [51]. As a tool, the SIMM can help
organizations understand their current state as it relates to SEDoH
data and develop a systematic approach to improvement, but they
will still need to look to the literature, best practices, and guidelines
for specific solutions, such as protocols to improve race and
ethnicity data collection [52,53]. Ultimately, higher levels of
SEDoH informatics maturity will increase the quality and
timeliness of SEDoH data, thus allowing clinicians to make more
informed, targeted medical decisions that deliver more equitable,
high-quality care.

Taking into account the growing significance of SEDoH,
informatics maturity models, and the pressing need to integrate
SEDoH data into health informatics, our work describes a
multidimensional approach to measure organizational SEDoH

capability, including items for data collection policies, data
collection methods, technology and analytics capability, and for
operational and strategic impact. There are some limitations to our
work. First, the participants in our evaluation rounds are not
representative of all healthcare organizations in the US; they were
primarily academics affiliated with CTSAs and/or had a pre-
existing interest in SEDoH (such as themembers of the N3C SDoH
workgroup). Second, this work was conducted at a period of time
when there was increased knowledge, awareness, and acceptance of
the concept of SEDoH data and organizational maturity. Finally,
our work did not include non-academic healthcare organizations
and community organizations. The validity and utility of the
SIMM outside of academic medical centers will need to be
evaluated in future studies.

Conclusion

Clinical and economic motivations have encouraged healthcare
providers, health insurance companies, local governments, and
community-based organizations to take action to address SEDoH.
The initial findings of this exploratory study suggest that the
proposed SIMM is applicable for identifying an organization’s
SEDoH informatics capacity and providing a roadmap for moving
to the next level. As a result of identifying the strong and weak
points of the SEDoH data workflow, depending on the assessment
findings, improvement opportunities can be identified by an
organization. Additional work is still needed to evaluate the
generalizability of the SEDoHmaturity model and identify specific
strategies and protocols to increase maturity.
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