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There is extensive system-wide evidence of disparities in access to organ transplantation in the US
based on race, ethnicity, and socioeconomic status. However, little information is available regarding
care disparities among US organ procurement organizations (OPOs). Commissioned by the US Centers
for Medicare and Medicaid Services (CMS), we studied racial/ethnic disparities in organ donation

and transplantation across and within OPOs. Based on the 2020 CMS final rule, we calculated OPO
donation and organ transplantation rates with 95% confidence intervals for racial (Black, White, and
Asian American and Pacific Islander, AAPI) and ethnic (Hispanic and non-Hispanic) groups. OPOs
were ranked with national rates as references and classified according to the CMS 3-tier system. Of
the 58 OPOs, 8 and 4 had donation rates lower for Black and AAPI donors than for White donors; 21
and 18 had organ transplantation rates lower for Black and AAPI donors than for White donors; 1 and
1 had a donation rate or organ transplantation rate lower for Hispanic donors than for non-Hispanic
donors. Significant racial/ethnic disparities in organ donation and transplantation exist among many
OPOs, whereas the overall OPO performance is dominated by White and non-Hispanic donors.

These disparities may be influenced by variations and structural barriers in resource access, donor
identification, transplantation referral, and waitlisting processes—some of which lie partially outside
the direct control of OPOs and disproportionately affect disadvantaged populations. Results support
equitable organ donation and allocation through enhanced awareness of health care disparities,
increased accountability of OPOs, and informed policies and interventions.

Keywords Caterpillar plot, Provider profiling, Organ donation and transplantation, Racial and ethnic
disparities

In the US, OPOs are frontline organizations responsible for recovering and delivering organs from deceased
donors with authorization, and monitoring donor hospitals in their respective donation service areas (DSAs)! ™.
As a central component of the national organ transplantation system, OPOs have been routinely evaluated by
the US Centers for Medicare and Medicaid Services (CMS)>. Currently, the evaluation is based on two revised
outcome measures, the OPO donation and organ transplantation rates. OPOs failing to meet performance
requirements will be de-certified as legal organ procurers and their DSAs will be opened for competition among
other incumbent OPOs’.

Despite being highly robust and efficient, health care disparities remain significant in the US organ
transplantation system. On the demand side, disproportionately many individuals from minority and
underrepresented populations are at a disadvantage in being referred, evaluated, and added to the waiting list for
organ transplantation®'%; on the supply side, despite a number of educational interventions such as culturally
appropriate messaging and storytelling!""!2, organ donation among all racial/ethnic minority populations
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is lower than that of White individuals'®, although recent evidence suggests that racial/ethnic differences in
organ donation have been ameliorating over the past two decades'®. While these disparities are evident at the
population level, data are still lacking regarding the potential variability of performance in potential donor
identification and organ procurement stratified by race and ethnicity'®, nor have racial/ethnic differences been
systematically accounted for in current OPO performance evaluation metrics’.

Drawing on the revised CMS outcome measures effective in 20217, we were commissioned by CMS to
study racial/ethnic differences in organ donation and transplantation across OPOs and set forth a graphical
representation of OPO-level disparities via caterpillar plots, commonlyused in qualityimprovement programs!6-18.
OPO assessment based on this graphical tool can enhance the awareness of racial/ethnic disparities in organ
donation and transplantation, leading to increased resources and targeted interventions aiming at addressing
these disparities at the OPO level. Quality improvement guidelines and policies can be developed to promote
evidence-based OPO accountability for significant disparities in organ donation and transplantation. Unlike
existing studies on OPO performance evaluation and metrics assessment based on individual-level data'*-2!, the
proposed approach only leverages summary information at the OPO level, thereby serving as a proof of concept
regarding privacy-preserving evaluation of health care disparities in OPO performance®>.

Methods

We conducted a retrospective cross-sectional analysis of OPO donation and organ transplantation in line with
the effective CMS definitions of outcome measures and the 3-tier system’. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Data sources

The construction of OPO performance metrics required the calculation of OPO-specific donor potential (i.e.,
the number of inpatient deaths among patients aged 75 and younger with the primary cause of death consistent
with organ donation), number of donors, and number of organs transplanted in each age and racial/ethnic
group. Donor potential is a quantity that aims to reflect the maximum amount of organ donation possible
based on the frequency of deaths with causes that have the potential to qualify for organ donation. To calculate
the donor potential in each age and racial/ethnic group (Black/African Americans, White Americans, and
Asian Americans and Pacific Islanders, AAPIs), we used 2019 county-level national mortality data from the
National Center for Health Statistics Multiple Cause of Death (MCOD) database. The following International
Classification of Diseases, Tenth Revision (ICD-10) codes were used to identify potential donor deaths: 120-125
for ischemic heart disease, 160-169 for cerebrovascular disease, and V01-Y89 for external causes of morbidity
and mortality including blunt trauma, gunshot wound, drug overdose, suicide, drowning, and asphyxiation®.
Potential donors were assigned to an OPO if the county of the hospital where death occurred falls into the OPO’s
associated DSA. If a county has a hospital with a CMS approved waiver, the donor potential was split between
the OPO having the county as part of its DSA and the OPO serving the hospital with a CMS waiver, prorated
according to the Medicare inpatient deaths at hospitals with a waiver and at other hospitals. This definition is
consistent with the CMS final rule for OPO evaluations’.

The OPO-specific number of donors in each racial/ethnic group was calculated as the number of deceased
individuals from whom at least one vascularized organ (heart, liver, lung, kidney, pancreas, or intestine) was
transplanted according to the 2019 Scientific Registry of Transplant Recipients (SRTR) database; donors with
pancreatic or islet cells recovered either for research, or for transplantation but submitted for research, were
included per the CMS methodology. While only donors aged 75 and younger were counted in the donor
potential, there was no restriction on the age of donors, as OPOs are allowed to procure organs from donors of
all ages.

The OPO-specific number of organs transplanted in each age and racial/ethnic group was also determined
using SRTR data; pancreatic and islet cells recovered either for research, or for transplantation but submitted
for research, were included. Since a deceased donor could donate more than one organ for transplantation, it
is possible that the age-adjusted OPO organ transplantation rate in a racial/ethnic group exceeds 100% (the
maximum count of each organ type available in Supplemental Table 1).

Race-/ethnicity-specific OPO donation and organ transplantation rates

Following the CMS final rule’, we first define OPO donation and organ transplantation rates specific to a
racial/ethnic group, indexed by j. The OPO donation rate of racial/ethnic group j is the number of donors
as a percentage of the donor potential within racial/ethnic group j. The OPO organ transplantation rate of
racial/ethnic group j is the ratio of the OPO’s observed transplantation rate to the expected, multiplied by

the national transplantation rate, i.e., % e national rate, where the observed rate is the number of

organs transplanted from donors within the DSA as a percentage of the donor potential; the expected rate is
the expected number of organs transplanted as a percentage of the donor potential; and the national rate is the
number of organs transplanted from donors across all OPOs as a percentage of the national donor potential, with
all three quantities specific to racial/ethnic group j. This OPO organ transplantation rate is deemed favorable if it
is greater than the national transplantation rate, and unfavorable if less than the national rate. 2 Unlike the OPO
donation rate with no risk adjustment, the CMS final rule stipulates that the OPO organ transplantation rate
should be risk-adjusted for age with the following 15 groups: <1, 1-5, 6-11, 12-17, 18-24, 25-29, 30-34, 35-39,
40-44, 45-49, 50-54, 55-59, 60-64, 65-69, and 70-75. Consequently, the expected organ transplantation rate
of racial/ethnic group j for the ¢ th OPO is calculated as Z;il dijgRjq/ Z;‘il dijg, where d;jg4 is the donor

potential in age group g and racial/ethnic group j for the i th OPO, and R, is the national organ transplantation
rate in age group g and racial/ethnic group j.
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Confidence intervals and 3-tier system

We constructed two-sided 95% confidence intervals for race-/ethnicity-specific OPO donation and organ
transplantation rates to measure their variation. If p is the OPO donation rate as a fraction of 1 and n is the donor
potential, the corresponding 95% lower and upper confidence limits L and U can be expressed as

2 21— 2_1 dnp (1 — dp — 2
L =100 -min{ 0, nptz V2 /n+4np (1 —p) +4p ,
2 (n+ 22)

2 241 21 dnp(1—p) —4dp+2
U =100 - max < 0, npte + +Z\/Z /n+ np( p) Pt s
2 (n + 22)

where z denotes the 97.5th percentile of the standard normal distribution (approximately equal to 1.96)>. Let O,
E, and P denote the observed, expected, and national organ transplantation rates as a fraction of 1, respectively.
The 95% lower and upper confidence limits L and U of the OPO organ transplantation rate can be written as

L = 100 - min {O,PO/E - Z\/W} ,
U=100- {PO/EJrz\/IW} :

where n is the donor potential, and z is the 97.5th percentile of the standard normal distribution.

Likewise, we can construct one-sided upper 95% confidence limits for OPO donation and organ transplantation
rates without race/ethnicity stratification, with z in U changed to the 95th percentile of the standard normal
distribution. These unstratified metrics and their one-sided upper 95% confidence limits are crucial in defining
a competitive 3-tier system for performance-based OPO re-certification?. Each OPO is placed into one of the
following three tiers: (1) Tier-1 OPOs each have their upper 95% confidence limits lying within the top 25% of all
OPO:s for both unstratified metrics in the preceding year; (2) Tier-2 OPOs each have their upper 95% confidence
limits lying within the top 50% of all OPOs for both unstratified metrics in the preceding year, but unqualified
as Tier-1 OPOs; (3) Tier-3 OPOs each have their at least one upper 95% confidence limit lying outside the
top 50% of all OPOs for both unstratified metrics in the preceding year. In the CMS final rule, Tier-1 OPOs
are considered top performers and will be re-certified; Tier-2 OPOs are considered to have met the outcome
requirements under §486.318 of the Code of Federal Regulations, but will not be automatically re-certified; Tier-
3 OPOs are considered as failing the outcome requirements and will be de-certified. To ensure that DSAs are
entrusted to the highest performing OPOs, at the end of each re-certification cycle, DSAs for Tier-2 and Tier-3
OPOs will be opened for competition from Tier-1 and Tier-2 OPOs.

Caterpillar plots
Caterpillar plots were used to compare race-/ethnicity-specific OPO donation and organ transplantation
rates!”!8. Each OPO in a caterpillar plot is represented as a point surrounded by a horizontal bar indicating
the value of a metric (donation or organ transplantation rate) and its corresponding 95% confidence intervals,
respectively. Points and confidence intervals are colored to indicate tier status. Along the vertical axis, OPOs
are arranged in a descending order of the metric in question. As a reference level, the dashed vertical line in
each plot indicates either the race-/ethnicity-specific national donation or organ transplantation rate. To ease
the assessment of racial/ethnic disparities, OPO donation and organ transplantation ratios along with 95%
confidence intervals were also visualized as caterpillar plots (with reference lines at 1). OPO name abbreviations
were anonymized due to privacy considerations.

All analyses were conducted using R version 3.4.3. The study was exempted from approval by the University of
Michigan Institutional Review Board. Informed consent was waived by the ethics committee as per the national
legislation. All methods were carried out in accordance with relevant guidelines and regulations by the CMS.

Results
Race-/ethnicity-specific OPO donation rates
OPO donation rates for White, Black, and AAPI individuals are shown in Fig. 1, with race-specific national
donation rates as reference. For White donors, the ranking of OPOs is largely consistent with their tier status:
15 top-ranked OPOs had donation rates significantly higher than the national donation rate, 14 of which were
classified as best performing OPOs in Tier 1; 13 bottom-ranked OPOs had donation rates significantly lower than
the national donation rate, 11 of which were classified as Tier 3 OPOs. In contrast, the rate-based OPO ranking
for Black or AAPI groups does not always reflect the overall performance of OPOs: only 5 OPOs had their
donation rates for Blacks significantly higher than the national rate, while 3 had their donation rates significantly
lower than the national rate. Among AAPI individuals, there were 8 OPOs with donation rates significantly
higher than the national rate, but no OPO had a donation rate significantly lower than the national rate.
Similar to the ranking in the White group, the ranking of OPOs based on non-Hispanic OPO donation rates
is mostly aligned with the tier status: 12 of 13 top-ranked OPOs were Tier 1 OPOs, while 10 of 13 bottom-ranked
OPOs were Tier 3 OPOs (Fig. 2B). Within the Hispanic population, 10 OPOs had their donation rates greater
than the national rate, 7 of which were Tier 1 OPOs; only 3 OPOs had their donation rates less than the national
rate, 2 of which were Tier 3 OPOs.
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Fig. 1. OPO donation rate for Whites, Blacks, and Asian Americans and Pacific Islanders (AAPIs).

In addition to intra-race/-ethnicity comparisons, Figs. 1, 2, and 3 facilitate an in-depth assessment of OPO
performance in terms of racial/ethnic differences in organ donation. For example, OPO 13, a satisfactory
performer in Tier 2, had a Black donation rate significantly higher than the corresponding national rate, but
a White donation rate significantly lower. As a result, its OPO donation ratio (Black versus White) was much
greater than 1 and the highest among all OPOs (Fig. 3). OPO 30, a Tier 1 organization with outstanding overall
performance, had its Black-White and AAPI-White donation ratios significantly lower than 1, a compelling
indication of racially inequitable organ donation. OPO 23, an underperforming (Tier 3) OPO with a non-
Hispanic donation rate significantly lower than the corresponding national rate and a Hispanic donation rate
consistent with national expectations, had its Hispanic-non-Hispanic donation ratio significantly higher than 1.

Race-/ethnicity-specific OPO organ transplantation rates

Figures 4 and 5 display race-/ethnicity-specific OPO organ transplant rates along with 95% confidence intervals.
With the ranking being largely consistent with the tier status in the White and non-Hispanic groups, many
OPOs were identified as significantly different from the national organ transplantation rate (more than those
identified as significantly different from the national organ donation rate), 14 higher and 18 lower than the
national rate in the White population, and 18 higher and 21 lower than the nation rate in the non-Hispanic
population. Rankings in Black, AAPI, and Hispanic groups are generally not in line with tier designations. In the
Black group, there were 10 OPOs with organ transplantation rates significantly higher and 14 OPOs with organ
transplantation rates significantly lower than the national organ transplantation rate; in the AAPI population,
11 and 9 OPOs had their organ transplantation rates significantly higher than and lower than the national rate,
respectively; in the Hispanic population, 14 and 17 OPOs had organ transplantation rates significantly higher
and lower than the national reference rate, respectively.

Compared with organ donation, racial disparities against Blacks and AAPIs were more prevalent among
OPOs in terms of organ transplantation (Fig. 6). There were 20 OPOs with Black-White organ transplantation
ratios significantly less than 1, whereas only 7 OPOs had Black-White organ donation ratios significantly
less than 1; 17 OPOs had their AAPI-White organ transplantation ratios less than 1, whereas only 4 OPOs
had their AAPI-White organ donation ratios less than 1. Similar as in organ donation, ethnic differences in
organ transplantation were mostly in favor of Hispanics: 23 OPOs had their Hispanic-non-Hispanic organ
transplantation ratios significantly higher than 1, whereas only 1 OPO had its ratio significantly lower than 1.

Discussion

Limited organ donation and access to organ transplantation among minority populations have been well
documented””~*. To promote an equitable organ transplantation system, it is crucial that the assessment of
OPO performance should account for the performance variation in organ donation and transplantation within
and across OPOs.
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Motivated by population-level racial/ethnic disparities in organ transplantation (Supplemental Fig. 1),
this study sheds light on the current status of racial/ethnic disparities in organ supply and efficiency of
organ utilization at the OPO level, provides an analytical framework for implementing equity-focused OPO
performance assessment based on CMS-endorsed metrics, and catalyzes targeted strategies to alleviate health
care disparities in organ donation and to enhance equitable efficiency in organ utilization. While there remain
various challenges that preclude sustainable progress, it is important that efforts to identify disparities as noted
in this study will enhance the accountability for inequitable organ procurement and distribution among OPOs
so that equitable organ access can be better incentivized.

The 3-tier system and metrics were designed to introduce elevated competition among OPOs’. To avoid
over-penalizing small OPOs which tend to have wider confidence intervals, lower confidence limits are not
used to determine tiers. Under this evaluation system, OPOs would have to optimize the number of donors and
organs transplanted within their DSAs to preserve their certification status*!. Nonetheless, OPO performance
ranking under the 3-tier system is dominated by White and non-Hispanic donors as reflected in Figs. 1A and
4A and Figs. 2B and 5B. Relying solely on the overall performance of OPOs without considering the variation
in performance across racial/ethnic groups may disincentivize efforts to achieve equity, or at least obscure the
fact that racial/ethnic disparities exist in organ donation and transplantation®-**. Our analytical efforts here,
aimed at unveiling inequities in organ donation and transplantation efficiency among OPOs, serve as a timely
remedy that increases the awareness of the problem. Figures 3 and 6 provide a means to evaluate OPOs regarding
equitable organ donation and transplantation. If the 95% confidence interval of an OPO donation or organ
transplantation ratio lies to the left of the reference line at 1, it indicates potential racial/ethnic disparities
against the minority population in question. Otherwise, there is no significant evidence of disparities. These
plots can be used by CMS for evidence-driven OPO assessment in equitable care, complementing the existing
3-tier system. For example, OPOs with significantly low organ donation and transplantation rates in minority
racial/ethnic groups may be required to implement strategies to address disparities, such as diversifying and
educating their staff to promote culturally competent and transparent communication with donor families
and transplant centers, combating implicit biases against minority donors and their families, advocating for
organ donation in socioeconomically disadvantaged communities, and ensuring equitable access to resources,
services, and technology throughout the procurement process. Future research that draws from the expertise of
clinicians and policymakers is needed to propose incentive structures for OPOs to identify the sources of racial
and ethnic disparities among their patient populations and implement solutions to address these issues. This
type of incentivization has been successfully applied to improve overall healthcare quality and reduce disparities
in other contexts such as hospital readmissions*. Admittedly, organ transplantation rates depend on a wide
range of factors that are not entirely within the control of OPOs; thus, disparities in transplantation rates among
minority donor groups may also reflect the impact of organ transplant centers or other structural factors within
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the transplant network. These additional factors should be considered and addressed simultaneously through
separate evaluations and incentives to improve quality of care.

Importantly, our analysis highlights issues of inequitable organ donation and transplantation efficiency not
captured by the 3-tier system. For instance, OPO 30 is of Tier-1 with excellent overall performance in organ
donation and transplantation rates. However, it has much lower OPO donation rates for Blacks and AAPIs than
a donation rate for Whites; it also has OPO organ transplantation rates for Blacks and AAPIs significantly lower
than the corresponding national rate and an OPO organ transplantation rate for Whites significantly higher than
the national rate. Consequently, OPO 30 has Black-White and AAPI-White donation and organ transplantation
ratios significantly lower than one, suggesting striking disparities against Blacks and AAPIs. While racial/ethnic
segregation and geography might have played a role in the variable performance of OPO organ donation and
transplantation'3%, the proposed approach, complementing the current OPO performance metrics, can still
be harnessed to identify profound health equity issues and opportunities for improvement in organ allocation.
Additionally, the graphical representation based on caterpillar plots can inform equity-oriented policies and
guidelines beyond existing methods.

Our findings provide novel insights over other studies that have assessed racial and ethnic disparities in the
context of organ donation and transplantation. Since the revised final rule was announced by CMS in 2020,
several studies have evaluated the impact of adjusting for age, race/ethnicity, and area deprivation in outcome
measures on OPO tier status change®-*!. While their reasons for comprehensive risk adjustment in OPO
performance metrics are justifiable, their focus remains on overall OPO performance rather than on OPO-level
racial/ethnic disparities, especially given the fact that adjusting for race may mask racial disparities*?. Using
radar charts, another study considered a graphical approach to OPO assessment in 8 domains, two of which are
equity-related®>. This approach allows exploration of inter-OPO performance differences, but does not support
intra-OPO comparison. By contrast, our approach of visualizing OPO performance from an equity perspective
allows both across- and within-OPO performance evaluation under the current CMS framework, which closely
aligns with the CMS Disparity Methods applied to the Hospital-Wide Readmission measure®. In addition,
several studies of European transplant systems have uncovered racial and ethnic disparities in organ donation
and transplantation at a national level, which is consistent with the findings of our U.S.-based study44‘46. However,
our study adds to these national assessments by examining racial and ethnic disparities at the level of the OPO,
a healthcare entity that is a unique and pivotal component of the U.S. transplant network. Thus, our study is
supportive of previous findings that have recognized disparities in organ donation and transplantation, but it
allows for the detection of more actionable opportunities within specific OPOs to improve equity in donation
and transplant rates. This work is important because successful organ donation and transplantation depends on
a wide range of factors, such as patient and family attitudes towards donation, clinician and OPO interactions
with patients, and structural factors or policies under the broader transplant network?”#®, Further research is
needed to detect sources of disparities in donation and transplant rates at a more granular level both within and
beyond OPO control.

Our study should be considered with the following limitations: First, compared with the large White and non-
Hispanic populations, the number of potential donors, donors, and transplanted organs from Black, AAPI, and
Hispanic groups was limited. As a consequence, more OPOs with extreme donation and organ transplantation
rates for minority groups were associated with wider confidence intervals than OPOs with extreme rates in
White and non-Hispanic groups, making it difficult to affirm the significance of disparities in small-sized
OPOs*. Second, due to the use of summary-level data, comprehensive risk adjustment was not incorporated
in the construction of race/ethnicity-specific OPO performance metrics. In line with the revised CMS final
rule, only age was adjusted for in OPO organ transplantation rates, while no risk-adjusted standardization was
implemented in the calculation of OPO organ donation rates. Despite the aim of assessing health care disparities
in OPOs following the CMS methodology, individual- or hospital-level effects may not be fully separated from
OPO-level effects, possibly leading to excess cross-race/ethnicity variation in the performance of OPOs>*%!.
Finally, while the national evaluation system for OPOs currently does not distinguish between different donor
types, future studies may seek additional data that allows for calculation of donation and transplant rates
stratified by donor type (donor after circulatory death versus brain death) or other factors to determine if OPOs
need to improve certain types of organ recovery more than others.

In conclusion, this study identified significant racial/ethnic disparities within many OPOs as well as
discrepancies between race/ethnicity-stratified performance rankings and the overall tier rankings. Since these
findings would otherwise be obscured in a race/ethnicity-unstratified analysis, it is recommended that racial/
ethnic-specific outcome measures are implemented along with existing metrics to facilitate a more comprehensive
OPO performance assessment. OPOs with significantly inequitable organ donation and transplantation should
focus on improving their performance among minority racial/ethnic groups.

Data availability

The data that support the findings of this study are available from the U.S. Centers for Medicare and Medicaid
Services (CMS) but restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available from the corresponding author upon
reasonable request and with permission of CMS.

Received: 2 January 2025; Accepted: 8 May 2025
Published online: 19 May 2025

Scientific Reports |

(2025) 15:17399 | https://doi.org/10.1038/s41598-025-01808-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bloom, M. B. et al. Impact of deceased organ donor demographics and critical care end points on liver transplantation and graft
survival rates. . Am. Coll. Surg. 220(1), 38-47. https://doi.org/10.1016/j.jamcollsurg.2014.09.020 (2015).

Kotloff, R. M. et al. Management of the potential organ donor in the ICU: Society of critical care medicine/ American college of
chest physicians/association of organ procurement organizations consensus statement. Crit. Care Med. 43(6), 1291-1325. https://
doi.org/10.1097/CCM.0000000000000958 (2015).

. Niemann, C. U. et al. Therapeutic hypothermia in deceased organ donors and kidney-graft function. N. Engl. J. Med. 373(5),

405-414. https://doi.org/10.1056/NEJMoal501969 (2015).

. Goldberg, D. et al. Changing metrics of organ procurement organization performance in order to increase organ donation rates in

the United States. Am J Transplant. 17(12), 3183-3192. https://doi.org/10.1111/ajt.14391 (2017).

. Ozcan, Y. A, Begun, J. W. & McKinney, M. M. Benchmarking organ procurement organizations: A national study. Health Serv Res.

34(4), 855-74 (1999).

. Stogis, S., Hirth, R. A., Strawderman, R. L., Banaszak-Holl, J. & Smith, D. G. Using a standardized donor ratio to assess the

performance of organ procurement organizations. Health Serv Res. 37(5), 1329-1344. https://doi.org/10.1111/1475-6773.00212
(2002).

. Centers for Medicare and Medicaid Services. Medicare and medicaid programs; organ procurement organizations conditions for

coverage: Revisions to the outcome measure requirements for organ procurement organizations. Fed Regist. 85(232), 77898-77949
(2020).

. Kizer KW, English RA, Hackmann M. Realizing the Promise of Equity in the Organ Transplantation System. The National Academies

Press; 2022.

. Ayanian, J. Z., Cleary, P. D., Weissman, J. S. & Epstein, A. M. The effect of patients’ preferences on racial differences in access to

renal transplantation. N Engl ] Med. 341(22), 1661-1669. https://doi.org/10.1056/NEJM199911253412206 (1999).

Jones, D., You, Z. & Kendrick, J. B. Racial/ethnic differences in barriers to kidney transplant evaluation among hemodialysis
patients. Am. J. Nephrol. 47(1), 1-7. https://doi.org/10.1159/000484484 (2018).

Arriola, K. R., Robinson, D. H., Perryman, J. P, Thompson, N. J. & Russell, E. F. Project ACTS II: organ donation education for
African American adults. Ethn Dis. Spring 23(2), 230-237 (2013).

DuBay, D. et al. A video intervention to increase organ donor registration at the department of motorized vehicles. Transplantation
104(4), 788-794. https://doi.org/10.1097/TP.0000000000002880 (2020).

Nathan, H. M. et al. Organ donation in the United States. Am. J. Transplant. 3(Suppl 4), 29-40. https://doi.org/10.1034/j.1600-614
3.3.54.4.x (2003).

Kernodle, A. B. et al. Examination of racial and ethnic differences in deceased organ donation ratio over time in the US. JAMA
Surg. 156(4), €207083. https://doi.org/10.1001/jamasurg.2020.7083 (2021).

Doby, B. L., Boyarsky, B. J., Gentry, S. & Segev, D. L. Improving OPO performance through national data availability. Am. J.
Transplant. 19(10), 2675-2677. https://doi.org/10.1111/ajt.15508 (2019).

Goldstein, H. & Spiegelhalter, D. J. League tables and their limitations: statistical issues in comparisons of institutional performance.
J. R Stat. Soc. Ser. A Stat. Soc. 159(3), 385-443. https://doi.org/10.2307/2983325 (1996).

Shahinian, V. B. et al. surgeon characteristics and dialysis vascular access outcomes in the United States: A retrospective cohort
study. Am. J. Kidney Dis. 75(2), 158-166. https://doi.org/10.1053/j.ajkd.2019.08.001 (2020).

Normand, S.-L.T. et al. League tables for hospital comparisons. Ann. Rev. Statist. Appl. 3(1), 21-50. https://doi.org/10.1146/annur
ev-statistics-022513-115617 (2016).

Gentry, S. E. et al. Liver sharing and organ procurement organization performance under redistricted allocation. Liver Transpl.
21(8), 1031-1039. https://doi.org/10.1002/1t.24171 (2015).

Goldberg, D. S., Doby, B. & Lynch, R. Addressing critiques of the proposed CMS metric of organ procurement organ performance:
More data isn't better. Transplantation 104(8), 1662-1667. https://doi.org/10.1097/TP.0000000000003071 (2020).

Klassen, D. K. et al. The OPTN deceased donor potential study: implications for policy and practice. Am. J. Transplant. 16(6),
1707-1714. https://doi.org/10.1111/ajt.13731 (2016).

Wu, W, Kuriakose, J. P, Weng, W,, Burney, R. E. & He, K. Test-specific funnel plots for healthcare provider profiling leveraging
individual-and summary-level information. Health Serv. Outcomes Res. Methodol. https://doi.org/10.1007/s10742-022-00285-9
(2022).

Goldberg, D., Karp, S., Shah, M. B., Dubay, D. & Lynch, R. Importance of incorporating standardized, verifiable, objective metrics
of organ procurement organization performance into discussions about organ allocation. Am J Transplant. 19(11), 2973-2978.
https://doi.org/10.1111/ajt.15492 (2019).

Shahian, D. M. & Normand, S. L. Comparison of “risk-adjusted” hospital outcomes. Circulation 117(15), 1955-1963. https://doi.o
rg/10.1161/CIRCULATIONAHA.107.747873 (2008).

Newcombe, R. G. Two-sided confidence intervals for the single proportion: comparison of seven methods. Stat Med. 17(8), 857-
872 (1998).

Halpern, S. E. et al. A three-tier system for evaluation of organ procurement organizations’ willingness to pursue and utilize
nonideal donor lungs. Am J Transplant. 21(3), 1269-1277. https://doi.org/10.1111/ajt.16347 (2021).

Salter, M. L. et al. Perceptions about hemodialysis and transplantation among African American adults with end-stage renal
disease: Inferences from focus groups. BMC Nephrol. 16(49), 1-10. https://doi.org/10.1186/s12882-015-0045-1 (2015).

Taber, D. J. et al. Twenty years of evolving trends in racial disparities for adult kidney transplant recipients. Kidney Int. 90(4),
878-887. https://doi.org/10.1016/j.kint.2016.06.029 (2016).

Padela, A. I, Duivenbode, R., Quinn, M. & Saunders, M. R. Informing American Muslims about living donation through tailored
health education: A randomized controlled crossover trial evaluating increase in biomedical and religious knowledge. Am. J.
Transplant. 21(3), 1227-1237. https://doi.org/10.1111/ajt.16242 (2021).

Bartling, T., Oedingen, C., Kohlmann, T., Schrem, H. & Krauth, C. Comparing preferences of physicians and patients regarding
the allocation of donor organs: A systematic review. Transplant. Rev. (Orlando). 34(1), 100515. https://doi.org/10.1016/j.trre.2019
.100515 (2020).

Harding, K. et al. Health disparities in kidney transplantation for African Americans. Am. J. Nephrol. 46(2), 165-175. https://doi.o
rg/10.1159/000479480 (2017).

International Summit on Transplant T & Organ, T. The declaration of Istanbul on organ trafficking and transplant tourism. Clin J
Am Soc Nephrol. 3(5), 1227-31. https://doi.org/10.2215/CJN.03320708 (2008).

Park, C. et al. A scoping review of inequities in access to organ transplant in the United States. Int. J. Equity Health. 21(22), 1-20.
https://doi.org/10.1186/s12939-021-01616-x (2022).

Goldberg, D. S., French, B., Abt, P. L. & Gilroy, R. K. Increasing the number of organ transplants in the united states by optimizing
donor authorization rates. Am. J. Transplant. 15(8), 2117-2125. https://doi.org/10.1111/ajt.13362 (2015).

Malek, S. K., Keys, B. J., Kumar, S., Milford, E. & Tullius, S. G. Racial and ethnic disparities in kidney transplantation. Transpl. Int.
24(5), 419-424. https://doi.org/10.1111/j.1432-2277.2010.01205.x (2011).

Shacham, E., Loux, T, Barnidge, E. K., Lew, D. & Pappaterra, L. Determinants of organ donation registration. Am. J. Transplant.
18(11), 2798-2803. https://doi.org/10.1111/ajt.15025 (2018).

Wadhwani, S. I. et al. Neighborhood socioeconomic deprivation, racial segregation, and organ donation across 5 states. Am. J.
Transplant. 21(3), 1206-1214. https://doi.org/10.1111/ajt.16186 (2021).

Scientific Reports |

(2025) 15:17399 | https://doi.org/10.1038/s41598-025-01808-3 nature portfolio


https://doi.org/10.1016/j.jamcollsurg.2014.09.020
https://doi.org/10.1097/CCM.0000000000000958
https://doi.org/10.1097/CCM.0000000000000958
https://doi.org/10.1056/NEJMoa1501969
https://doi.org/10.1111/ajt.14391
https://doi.org/10.1111/1475-6773.00212
https://doi.org/10.1056/NEJM199911253412206
https://doi.org/10.1159/000484484
https://doi.org/10.1097/TP.0000000000002880
https://doi.org/10.1034/j.1600-6143.3.s4.4.x
https://doi.org/10.1034/j.1600-6143.3.s4.4.x
https://doi.org/10.1001/jamasurg.2020.7083
https://doi.org/10.1111/ajt.15508
https://doi.org/10.2307/2983325
https://doi.org/10.1053/j.ajkd.2019.08.001
https://doi.org/10.1146/annurev-statistics-022513-115617
https://doi.org/10.1146/annurev-statistics-022513-115617
https://doi.org/10.1002/lt.24171
https://doi.org/10.1097/TP.0000000000003071
https://doi.org/10.1111/ajt.13731
https://doi.org/10.1007/s10742-022-00285-9
https://doi.org/10.1111/ajt.15492
https://doi.org/10.1161/CIRCULATIONAHA.107.747873
https://doi.org/10.1161/CIRCULATIONAHA.107.747873
https://doi.org/10.1111/ajt.16347
https://doi.org/10.1186/s12882-015-0045-1
https://doi.org/10.1016/j.kint.2016.06.029
https://doi.org/10.1111/ajt.16242
https://doi.org/10.1016/j.trre.2019.100515
https://doi.org/10.1016/j.trre.2019.100515
https://doi.org/10.1159/000479480
https://doi.org/10.1159/000479480
https://doi.org/10.2215/CJN.03320708
https://doi.org/10.1186/s12939-021-01616-x
https://doi.org/10.1111/ajt.13362
https://doi.org/10.1111/j.1432-2277.2010.01205.x
https://doi.org/10.1111/ajt.15025
https://doi.org/10.1111/ajt.16186
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

38. Nash, K. A. et al. Measuring equity in readmission as a distinct assessment of hospital performance. JAMA 331(2), 111-123.
https://doi.org/10.1001/jama.2023.24874 (2024).

39. Snyder, J. J. et al. The Centers for Medicare and medicaid services’ proposed metrics for recertification of organ procurement
organizations: Evaluation by the scientific registry of transplant recipients. Am. J. Transplant. 20(9), 2466-2480. https://doi.org/10
.1111/ajt.15842 (2020).

40. Lopez, R., Mohan, S. & Schold, J. D. Population characteristics and organ procurement organization performance metrics. JAMA
Netw Open. 6(10), €2336749. https://doi.org/10.1001/jamanetworkopen.2023.36749 (2023).

41. Miller, J. M. et al. Adjusting for race in metrics of organ procurement organization performance. Am. J. Transplant. 24(8), 1440.
https://doi.org/10.1016/j.2jt.2024.01.032 (2024).

42. Swilley-Martinez, M. E. et al. “We adjusted for race”: now what? A systematic review of utilization and reporting of race in
American journal of epidemiology and epidemiology, 2020-2021. Epidemiol. Rev. 45(1), 15-31. https://doi.org/10.1093/epirev/m
xad010 (2023).

43. Doby, B. L. et al. What is visible is fixable: Visual dashboards for multi-domain assessment of organ procurement organization
performance. Am. J. Transplant. 23(11), 1793-1799. https://doi.org/10.1016/j.ajt.2023.08.020 (2023).

44. Tjaden, L. A. et al. Racial disparities in access to and outcomes of kidney transplantation in children, adolescents, and young adults:
results from the ESPN/ERA-EDTA (European society of pediatric nephrology/European renal association-European dialysis and
transplant association) registry. Am. J. Kidney Dis. 67(2), 293-301. https://doi.org/10.1053/j.ajkd.2015.09.023 (2016).

45. Malek, S. K., Keys, B. J., Kumar, S., Milford, E. & Tullius, S. G. Racial and ethnic disparities in kidney transplantation. Transpl Int.
24(5), 419-424. https://doi.org/10.1111/j.1432-2277.2010.01205.x (2011).

46. Vanholder, R. et al. Organ donation and transplantation: a multi-stakeholder call to action. Nat Rev Nephrol. 17(8), 554-568.
https://doi.org/10.1038/s41581-021-00425-3 (2021).

47. Bollinger, R. R., Heinrichs, D. R., Seem, D. L., Rosendale, J. D. & Johnson, K. S. UNOS council for organ availability. United
network for organ sharing. Organ procurement organization (OPO), best practices. Clin. Transplant. 15(6), 16-21. https://doi.org
/10.1034/j.1399-0012.2001.00003.x (2001).

48. Rodrigue, J. R., Cornell, D. L. & Howard, R. J. Organ donation decision: Comparison of donor and nondonor families. Am. J.
Transplant. 6(1), 190-198. https://doi.org/10.1111/j.1600-6143.2005.01130.x (2006).

49. Bilheimer, L. T. & Sisk, J. E. Collecting adequate data on racial and ethnic disparities in health: The challenges continue. Health Aff.
(Millwood). 27(2), 383-91. https://doi.org/10.1377/hlthaff.27.2.383 (2008).

50. Krumholz, H. M. et al. Hospital-readmission risk - isolating hospital effects from patient effects. N. Engl. . Med. 377(11), 1055-
1064. https://doi.org/10.1056/NEJMsal702321 (2017).

51. Johnson, W. et al. Variability in organ procurement organization performance by individual hospital in the United States. JAMA
Surg. 158(4), 404-409. https://doi.org/10.1001/jamasurg.2022.7853 (2023).

Acknowledgements
The authors are thankful to Dr. Sommer Gentry at New York University Grossman School of Medicine for her
valuable comments on the manuscript.

Author contributions

WW, JMM, RSS, TS, JCM, and KH participated in research idea and design. JMM, JS, and KH participated in
data acquisition. WW, JMM, NH, LB, RSS, and KH participated in data analysis. WW, JMM, RSS, TS, AN, JCM,
JS, CD, RP, AE, YC, JS, and KH participated in data interpretation. WW, JMM, NH, LB, and KH participated
in statistical analysis. JMM and KH participated in supervision and mentorship. All authors have reviewed and
approved the final version of this manuscript and have agreed to the decision to submit it for publication.

Fundin

The studyg was supported by the Centers for Medicare and Medicaid Services (CMS, 75FCMC21C0035), Na-
tional Institute of Diabetes and Digestive and Kidney Diseases (NIDDK, R0O1DK129539), and the Alzheimer’s
Association (AARG231077773). The statements contained in this article are solely those of the authors and do
not necessarily reflect the views or policies of the CMS and NIDDK. The authors assume responsibility for the
accuracy and completeness of the information contained.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-01808-3.

Correspondence and requests for materials should be addressed to W.W.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2025) 15:17399 | https://doi.org/10.1038/s41598-025-01808-3 nature portfolio


https://doi.org/10.1001/jama.2023.24874
https://doi.org/10.1111/ajt.15842
https://doi.org/10.1111/ajt.15842
https://doi.org/10.1001/jamanetworkopen.2023.36749
https://doi.org/10.1016/j.ajt.2024.01.032
https://doi.org/10.1093/epirev/mxad010
https://doi.org/10.1093/epirev/mxad010
https://doi.org/10.1016/j.ajt.2023.08.020
https://doi.org/10.1053/j.ajkd.2015.09.023
https://doi.org/10.1111/j.1432-2277.2010.01205.x
https://doi.org/10.1038/s41581-021-00425-3
https://doi.org/10.1034/j.1399-0012.2001.00003.x
https://doi.org/10.1034/j.1399-0012.2001.00003.x
https://doi.org/10.1111/j.1600-6143.2005.01130.x
https://doi.org/10.1377/hlthaff.27.2.383
https://doi.org/10.1056/NEJMsa1702321
https://doi.org/10.1001/jamasurg.2022.7853
https://doi.org/10.1038/s41598-025-01808-3
https://doi.org/10.1038/s41598-025-01808-3
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports|  (2025) 15:17399 | https://doi.org/10.1038/s41598-025-01808-3 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Assessing health care disparities in US organ procurement organizations
	﻿Methods
	﻿Data sources
	﻿Race-/ethnicity-specific OPO donation and organ transplantation rates
	﻿Confidence intervals and 3-tier system

	﻿Caterpillar plots
	﻿Results
	﻿Race-/ethnicity-specific OPO donation rates
	﻿Race-/ethnicity-specific OPO organ transplantation rates

	﻿Discussion
	﻿References


