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Abstract

Health equity research in transplantation has largely relied on national data sources, yet the
availability of social determinants of health (SDOH) data varies widely among these sources. We
sought to characterize the extent to which national data sources contain SDOH data applicable

to end-stage organ disease (ESOD) and transplant patients. We reviewed 10 active national data
sources based in the United States. For each data source, we examined patient inclusion criteria
and explored strengths and limitations regarding SDOH data, using the National Institutes of
Health PhenX toolkit of SDOH as a data collection instrument. Of the 28 SDOH variables
reviewed, eight-core demographic variables were included in =280% of the data sources, and seven
variables that described elements of social status ranged between 30 and 60% inclusion. Variables
regarding identity, healthcare access, and social need were poorly represented (<20%) across the
data sources, and five of these variables were included in none of the data sources. The results

of our review highlight the need for improved SDOH data collection systems in ESOD and
transplant patients via: enhanced inter-registry collaboration, incorporation of standardized SDOH
variables into existing data sources, and transplant center and consortium-based investigation and
innovation.
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INTRODUCTION

Organ transplantation is a complex multidisciplinary field that delivers quaternary therapies
to high-acuity patients in an environment where demand exceeds supply. National data
registries are important tools for researchers looking to advance the field of organ
transplantation. Registry-based studies are relatively quick and inexpensive to conduct, and
the large sample size and multicenter representation increase study power and population
heterogeneity. The results of registry-based research can also be applied broadly, as
population-based cohorts are subject to real-world conditions over a longitudinal period.1:2

It is well-documented that historically marginalized groups, including women, racial and
ethnic minority groups, and patients with low educational attainment or income, experience
inequities along the entire transplant care continuum.3-7 Research to identify root causes

of these inequities and, in turn, develop and test interventions to reduce or eliminate them,
has traditionally relied on national data registries. However, end-stage organ disease (ESOD)
and transplant patients are frequently under-represented in public health databases due

to population sampling or exclusion criteria, and social determinants of health (SDOH)
availability varies across transplant-specific registries.

Prior work has demonstrated patient homogeneity in national datasets and biorepositories
due to rigid eligibility criteria, and resultant low analytical and clinical utility for under-
represented communities.8 In order to identify strategies to address the current limitations
in SDOH data, we sought to characterize the extent to which national data sources contain
metrics of SDOH, focusing on their applicability to ESOD and transplant populations.

METHODS

We selected active data sources based in the United States consisting of transplant-specific
registries, national public health datasets, and commercial databases based on a published
systematic review of transplant equity literature that adhered to PRISMA reporting
guidelines and searched the MEDLINE, Embase, CINAHL Complete, and Web of Science
Core Collection databases.® We cross-referenced our initial selections with Google Dataset
searches for “transplantation”10 and “social determinants of health.”11

For each data source, we examined the completeness of SDOH data and the inclusion

of ESOD and transplant populations. Each data source’s information guide was reviewed
for collection methods and cohort definitions. Data dictionaries and data collection forms
were assessed for the percentage of inclusion of 28 SDOH variables from the National
Institutes of Health (NIH) PhenX Toolkit, a set of standardized measurement protocols used
in health equity research.12:13 Patient-level data elements and most current collection forms
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were reviewed. A set of inclusion criteria was used to evaluate certain SDOH variables
(Supplemental Digital Content [SDC] 1). Each source’s point of contact was contacted to
verify initial findings.

RESULTS

We reviewed 10 data sources based in the United States and summarized data collection
forms (Table 1) and SDOH inclusion (Table 2). The most commonly collected variables
were: age, race and ethnicity, health insurance coverage, employment status, sex assigned
at birth, and zip code-derived variables (air quality index, concentrated poverty, and
community educational attainment); each was collected by greater than 80% of data
sources. Variables describing elements of social status (e.g., immigration status, marital
status, occupational prestige) ranged between 30 and 60% inclusion. Variables regarding
personal identity, healthcare access, and social need were poorly represented (<20%)
across the sources with five variables (access to health services, discrimination, disparate
health care quality, gender identity, and health numeracy) collected in none of the sources.
Supplemental details of each source’s collection methodology, protocols, and inclusion and
exclusion criteria are included in a technical appendix S1 (SDC 2).

Transplant-Specific Registries

3.1.1| United Network of Organ Sharing (UNOS)—Established by the US Congress
in 1984 to improve organ allocation, the Organ Procurement and Transplantation Network
(OPTN) is operated by the non-profit organization UNOS under contract with the US
Department of Health and Human Services (HHS).1-14 An internet-based system, UNet, is
used to store all OPTN data related to the national waitlist, organ matching, and transplant
procedures.1® Data are collected from transplant hospitals, histocompatibility laboratories,
and organ procurement organizations (OPOs) and include all organ donors, transplant
recipients, and transplant events since 1987; 13 SDOH variables are collected in UNOS.

3.1.2| Scientific Registry of Transplant Recipients (SRTR)—SRTR is a national
registry overseen by HHS. Founded in 1987, SRTR primarily obtains data about waitlist
candidates and transplant recipients from OPTN and incorporates information from state
agencies, insurance claims, and the Social Security Administration.18 Using Centers for
Medicare and Medicaid Services (CMS) data, SRTR exhibits improved ascertainment

of kidney graft loss compared to UNOS.1 All living and deceased donors, transplant
candidates, and organ recipients are included; 12 SDOH variables are collected in SRTR.

3.1.3| United States Renal Data System (USRDS)—USRDS is a national data
system that collects, analyzes, and distributes information about chronic kidney disease
(CKD) and end-stage renal disease (ESRD) patients. Established in 1988 by the National
Institutes of Diabetes and Digestive and Kidney Diseases, USRDS contains demographic
and clinical data on all ESRD patients requiring dialysis or kidney transplant since 1995.
USRDS primarily uses CMS, OPTN, and Centers for Disease Control and Prevention (CDC)
data to study transplant access, complications, and survival.1” USRDS includes patients
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irrespective of transplant status, enabling broader analysis of ESRD patients compared to
UNOS!; 12 SDOH variables are collected in USRDS.

Other national data sources

3.2.1| National Inpatient Sample (NIS)—NIS is sponsored by HHS and is the
largest publicly available, all-payer inpatient database in the US, estimating over 35 million
hospitalizations. Developed in 1988, NIS contains private and federal data from the State
Inpatient Databases and is used for research on healthcare cost, quality, outcomes, and
policy.18 NIS contains information unavailable in OPTN (e.g., charges, comorbidities);
however, OPTN data cannot be linked because NIS identifiers are confidential. Although
data are not broadly collected regarding ESOD and transplant patients, NIS includes ESOD
patients regardless of transplant status in its sampling of hospitalizations!18; 4 SDOH
variables are collected in NIS.

3.2.2| American Community Survey (ACS)—ACS is an annual survey that provides
demographic information about the US population through random surveying of 3.5 million
households nationwide. Created by the US Census Bureau in 2005 to replace the decennial
long-form census, ACS is a policy tool that aids in the distribution of federal and state funds
and describes changes within communities each year.1® As ACS uses random sampling, a
sample of ESOD and transplant patients is included; however, data are not intentionally
collected regarding these populations. Data collected include social, economic, housing,

and demographic characteristics in populations of 65 000 or more; 20 SDOH variables are
collected in ACS.

3.2.3| Centers for Medicare and Medicaid Services (CMS)—CMS is an HHS
federal agency that stores data regarding patients utilizing CMS services in the Data
Elements Library, a publicly accessible, centralized database. Since 2018, this database
has been used by providers and researchers to facilitate interoperability and information
exchange between electronic health records (EHRs).20 CMS data originate from patient
assessment instruments completed by providers for consideration of select services (e.g.,
hospice care, skilled nursing facilities, home health services). CMS includes ESOD and
transplant patients who use CMS services, but does not purposefully collect data regarding
these populations; 12 SDOH variables are collected in CMS.

3.2.4| National Health and Nutrition Examination Survey (NHANES)—
NHANES is a nationwide survey to assess the overall nutrition and health of adults and
children in the United States. Created in 1960 by the CDC, NHANES is administered
annually to a sample of 5000 randomly selected participants representing the non-
institutionalized civilian population. As NHANES uses random sampling, a sample of
ESOD and transplant patients is included; however, data are not intentionally collected
regarding these populations. Data are gathered through in-person interviews, physical
examinations, and laboratory specimen collections. These data underlie national standards
for measurements (e.g., height, weight, blood pressure) and are used for epidemiological
studies, health promotion, and disease prevention2!; 22 SDOH variables are collected in
NHANES.
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3.2.5| Truven health analytics MarketScan research databases—The
MarketScan Research Databases contain proprietary, de-identified administrative claims
data for publicly and privately insured individuals in the United States. Developed in

2021 by Truven Health Analytics, MarketScan provides analytic tools and services to
government agencies, hospitals, and private healthcare industries22 Data sources vary based
on the population included in a specific database (e.g., oncology practices, skilled nursing
facilities). MarketScan includes ESOD and transplant patients across its various claims
databases, but does not broadly collect data regarding these populations; 4 SDOH variables
are collected in MarketScan.

3.2.6 | Vizient clinical data base (formerly University HealthSystem
Consortium)—Vizient is a private US healthcare performance improvement company

that established the Vizient Clinical Data Base in 2016 during a merger with University
HealthSystem Consortium. Vizient provides analysis of patient outcomes (e.g., mortality,
length of stay, readmission rates) to participating hospitals to facilitate quality improvement
goals and performance assessments.23 Data are uploaded at the patient level from over 200
academic and community hospitals. Vizient includes ESOD and transplant patients within its
outcomes database, but does not broadly collect data regarding these populations; 7 SDOH
variables are collected in Vizient.

3.2.7| National surgical quality improvement program (NSQIP)—Established in
the early 1990s, the Veterans Affairs Surgical Quality Improvement Program (VASQIP)
identifies postoperative complications and outcomes at Veterans Affairs facilities through
manual data extraction by nurse coordinators.2* VASQIP inspired the American College

of Surgeons to create NSQIP in 2004 to improve surgical quality and outcomes

across specialties using inpatient and outpatient surgical data.2> The Transplant Quality
Improvement Program (TransQIP) was established in 2017 with a sole focus on improving
liver and kidney transplant outcomes using patient-level data variables from OPOs.26 Unlike
TransQIP, NSQIP, and VASQIP do not purposefully collect data regarding ESOD and
transplant populations; 10 SDOH variables are collected across NSQIP databases.

DISCUSSION

National data sources have long been used to describe disparities in transplantation, but
causality between SDOH and clinical outcomes among ESOD and transplant patients

has not been well-established, due in part to data limitations. We characterized SDOH
availability in national data sources, using the NIH PhenX toolkit as a measurement tool for
classification, to identify opportunities to accelerate health equity research in transplant.

Transplant-specific registries (UNOS, SRTR, USRDS) exhibited a moderate degree of
SDOH inclusion (42.9-46.4%) with variation in the extent of SDOH data obtained for
living donors, deceased donors, and transplant recipients. We did not find variation in the
SDOH variables collected by organ type. The most comprehensive data sources were ACS
(71.4%) and NHANES (78.6%). These population-based surveys represent the current gold
standard for SDOH capture but were not intentionally designed to identify ESOD and
transplant patients. The least comprehensive data sources were the Truven Health Analytics
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MarketScan Research Databases (14.3%), NIS (14.3%), Vizient Clinical Data Base (25%),
and NSQIP databases (35.7%). MarketScan and Vizient consolidate large amounts of patient
data across health systems; however, they were designed for quality improvement, which has
historically focused on health system-driven clinical interventions over SDOH. TransQIP
offers the potential for reducing transplant inequities using multicenter data; however, its use
in analyzing national SDOH data has not been described.26

Our review highlights the need for improved SDOH data collection systems in ESOD
and transplant patients via: (1) enhanced inter-registry collaboration, (2) incorporation of
standardized SDOH variables into existing data sources, and (3) transplant center and
consortium-based investigation and innovation.

Enhanced inter-registry collaboration to maximize the use of existing data

There is currently no universal registry of SDOH data sources. Health equity research is
limited by ethico-legal, technical, financial, and political difficulties in combining SDOH
sources?’; and the rapid proliferation of health system- and payor-based datasets adds
complexity to an already uncoordinated data infrastructure. UNOS’s ongoing project to
link third-party data to OPTN models the type of collaboration that would reduce the
burden on individual researchers while maximizing the use of our currently available data.
The project’s phases reflect tangible action items that other transplant-specific registries
can model in creating SDOH research protocols: (1) data evaluation, to determine SDOH
variables to be collected; (2) data acquisition, to establish external relationships for SDOH
data supplementation and complex data linkage; and (3) data analysis, to perform SDOH
quality review and develop research recommendations.28 Additionally, federal cross-agency
partnerships among the US Census Bureau, NIH, and CDC could combine siloed funding
streams and link comprehensive SDOH datasets to critically augment registry data.2?
Linkage of a standardized set of SDOH variables is a prerequisite for a coordinated and
systematic approach to equity through inter-registry collaboration, as demonstrated in the
Standardized Outcomes in Nephrology initiative for CKD.30 This is one purpose of the
NIH PhenX toolkit, which has yet to gain traction in transplantation; it is also essential

to bolstering SDOH representation in other data sources containing ESOD and transplant
populations.

Incorporation of standardized SDOH variables into existing data sources

Well-established transplant registries have been instrumental in monitoring the quality of
care over time and identifying areas of actionable intervention. Registries were designed,
however, to improve clinical outcomes rather than investigate social context—reasonably
accounting for the relative paucity of SDOH. Updating SRTR and USRDS collection forms
with standardized and expanded SDOH variables can drastically support efforts like the
aforementioned UNOS project. Research using expanded SDOH variables (e.g., health
literacy, English proficiency, food insecurity) demonstrates that these infrequently assessed
factors significantly mediate center-level kidney and liver transplant outcomes and may even
perpetuate pre-existing racial disparities in transplantation, emphasizing the importance of
their collection.31-34 Incorporation of expanded SDOH variables into existing data sources
is also a requisite step toward equitable policy design and implementation. For example, the
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US Census Bureau issued the Household Pulse Survey in April 2020 to support COVID-19
recovery efforts through detailed SDOH data collection, including food insecurity, sexual
orientation, and gender identity—among the most poorly collected variables in our review.
Federal agencies subsequently tailored recovery planning to findings of higher rates of food
insecurity, income loss, and depression in LGBTQ+ respondents.3®

Expanding SDOH data collection requires salient practical considerations such as economic
feasibility and efficient data collection. Seamless integration of SDOH collection into
current workflows and staffing models is vital to minimizing the regulatory burden

on transplant centers. Ambulatory clinics may be the most opportune setting for data
collection, allowing for repeated collection across the transplant care continuum and
multiple opportunities to bridge SDOH information gaps in the EHR.

Other considerations to minimize administrative burden include: electronic alternatives
for patient self-reported data without staff documentation (e.g., tablets in clinic rooms,
questionnaires administered via text, patient portals); EHR alerts for patients with
missing or outdated SDOH data; text shortcut tools for SDOH-related documentation;
and compensated, staff-driven workflow reviews to minimize duplicative and inefficient
processes.3 Center-specific data needs must also be balanced with nationally standardized
metrics and validated tools to ensure rigor in methodology. Engaging broad stakeholder
perspectives (clinicians, patients, administrators) is, therefore, a critical starting point for
center-specific solution design.36:37 Federal initiatives offering financial incentives for
equity-focused metrics in pre-existing review structures, such as CMS Quality Assurance
and Performance Improvement, can support health systems in fulfilling this work.37 US
Congress can further promote the importance of SDOH through the passage of legislative
bills, such as the Improving Social Determinants of Health Act of 2021, that fund
interagency collaboration and technology-based solutions to reduce health disparities.2°

Transplant center and consortium-based investigation to accelerate innovation

Until the development of a unified system to collect and study SDOH, center-based
approaches are uniquely positioned to combine clinical and operational expertise with
community engagement. Health system data allow detailed characterization of center-
specific SDOH and patient challenges. Health systems can also develop and test
interventions aimed against institutional, interpersonal, and systemic biases through quality
and performance services. These local efforts can facilitate rapid iteration, system redesign,
and early engagement with patient and community stakeholders. For true impact to be
realized, SDOH collection must encompass ESOD and transplant populations consistently
and thoroughly. USRDS, for example, has demonstrated profound influence on ESRD care;
yet, similar focused data do not exist for end-stage liver disease patients. The specificity

of single-organ registries must be continually applied to efforts, such as TransQIP, that
pool center-specific data at a national level for increased research efficacy. Multicenter
consortiums, such as the Southeastern Kidney Transplant Coalition,3® draw upon local
knowledge and experiences of high-performing health systems while supplying necessary
heterogeneity in populations of interest, SDOH-specific barriers, and geographic mediators
to truly accelerate innovation in transplant equity.
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5| CONCLUSION

National data sources are fragmented and insufficient in scope for research on health

equity in transplantation. Transplant-specific registries collect only core SDOH variables;
meanwhile, national data sources exhibit a great capacity for comprehensive SDOH
collection but are limited in applicability to ESOD and transplant populations. The lack

of expanded SDOH availability has relegated the field to a superficial—and occasionally
inaccurate—understanding of how social barriers affect access to and success following
transplant. If transplant-specific registries and SDOH datasets remain siloed in data
collection, root causes of transplant inequities will remain obscured. Improving the
representation of expanded SDOH in our current data framework is, therefore, a vital step to
implementing changes that promote equitable evaluation, listing, and allocation of organs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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