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Abstract

Background: Non-Hispanic black (NHB) and Hispanic patients have lower access to kidney
transplantation compared to non-Hispanic whites (NHWSs). We examined whether differences in
the prevalence of co-morbidities that affect eligibility for transplant contribute to disparities in
receipt of transplantation.

Methods: We performed a retrospective study of 986,019 adults who started dialysis between
2005-2014 according to the US Renal Data System. We compared prevalence of co-morbidities
that could influence transplant eligibility by race/ethnicity. We examined time to first transplant by
race/ethnicity in this overall cohort and in a “very healthy” sub-cohort without conditions that
could be contraindications to transplantation.

Results: During 2.3 years of mean follow-up, 64,892 transplants occurred. NHBs and Hispanics
had a lower prevalence of medical barriers to transplantation at the time of dialysis initiation than
NHWs, including age >70 years (26% in NHB vs. 47% in NHW) and malignancy (4% in
Hispanics vs. 10% in NHWSs). Access to transplant was 65% lower (95% CI1 0.33-0.37) in NHBs
and 43% lower (95% CI 0.54-0.62) in Hispanics (versus NHWS) in the first year after ESRD, but
by Year 4, access to transplantation was not statistically significantly different between Hispanics
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or NHBs (versus NHWS). In our very healthy cohort, racial and ethnic disparities in access to
transplantation persisted up to Year 5 in NHBs and Year 4 in Hispanics after ESRD onset.

Conclusions: Differences in medical eligibility do not appear to explain racial/ethnic disparities
in receipt of kidney transplantation and may mask the actual magnitude of the inequities that are

Introduction

Black and Hispanic children and adults are less likely to receive deceased donor kidney
transplantation, preemptive transplantation, and living donor kidney transplantation than
their white counterparts.14 Although lack of access to medical care, lack of recognition of
chronic kidney disease (CKD), and socioeconomic considerations may contribute to the
racial and ethnic disparities in transplant access,>"11 these are likely not the only explanatory
factors because black and Hispanic individuals are less likely to receive transplants even
when their disease is recognized and treated after dialysis initiation2:13 Some of the
inequities in access to kidney transplantation may be related to differences in demographic
characteristics (such as older age at the time of ESRD onset) or other medical factors that
affect eligibility for kidney transplantation (such as morbid obesity or history of or presence
of malignancy) in the potential recipient. On the other hand, it is also possible that
differential assessments of medical eligibility for kidney transplantation by race or ethnicity
could contribute to disparities in access to kidney transplantation.

Our main objective was to examine disparities in the receipt of kidney transplantation
(deceased or living donor transplantation) among non-Hispanic black (NHB) and Hispanic
individuals starting dialysis (compared with their non-Hispanic white [NHW] counterparts)
within the context of their potential medical eligibility for transplantation. We determined
differences in the prevalence of medical factors that may potentially affect eligibility for
kidney transplantation by race/ethnicity at the start of dialysis.

We then examined how these medical factors may be associated with racial and ethnic
disparities in the receipt of kidney transplantation using two theoretical approaches: first, we
compared receipt of transplant in unadjusted versus adjusted models that accounted for
factors that may affect eligibility for kidney transplantation to determine the potential
contribution of these factors to the known disparities in transplant access. In a second
approach, we created a “very healthy” cohort of dialysis patients by excluding individuals
with any characteristics or co-morbid conditions that could preclude eligibility for kidney
transplant and re-examined receipt of kidney transplantation by race/ethnicity. We
hypothesized that the racial and ethnic disparities in receipt of kidney transplantation would
be attenuated in our adjusted models and in our “very healthy” cohort due to the greater
prevalence of potential medical barriers to kidney transplantation in NHBs and Hispanics
(compared with NHWS).

Transplantation. Author manuscript; available in PMC 2021 July 01.
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Material and Methods:

Study Population and Data Source

We performed a retrospective cohort study of adults over the age of 18 who developed
ESRD treated initially with dialysis between January 1, 2005 and December 31, 2014 using
data from the United States Renal Data System (USRDS), the national ESRD registry.
Patient demographic characteristics (age at incident ESRD, sex, race, ethnicity), cause of
ESRD, insurance type at ESRD onset (none, Medicare, Medicaid, private/other, or Veterans
Health Administration), zip code, date of ESRD onset, height, and weight at incident ESRD
were abstracted from the USRDS Centers for Medicare and Medicaid Services 2728
(CMS-2728) Medical Evidence (MEDEVID) Form and USRDS Patients file. Zip code was
used to determine median household income of patients’ neighborhood using data from the
American Community Survey between 2006-2010.14 Initial ESRD treatment modality
(transplant versus dialysis) was determined at the first ESRD service date as listed in the
USRDS MEDEVID file. We excluded patients who received a preemptive transplant during
the study period, as the vast majority of these patients were missing co-morbidity data on
their CMS-2728 forms. This study was deemed not human subjects research by the
Institutional Review Board at University of California San Francisco (17-23042).

Predictor and Outcome

Covariates

Race and ethnicity were defined according to the USRDS Patients file. Our primary
predictor (henceforth referred to as race/ethnicity) was a variable that accounted for both
race and ethnicity: individuals were categorized as NHW, NHB, or Hispanic, and NHWSs
served as the reference group. We excluded patients of other races.

We determined transplant dates and donor source (living versus deceased) for the first
transplant using USRDS Patient and Transplant files, which contain data reported by
transplant centers to the United Network for Organ Sharing. We included both living and
deceased donor transplantation as a composite outcome of interest, but also in secondary
analyses examined these outcomes separately.

We abstracted first waitlist date and death dates (to account for death as a competing risk to
transplant) from the USRDS Patients file.

We ascertained the presence of co-morbid conditions and the ESRD network at the time of
dialysis initiation based on data collected on the CMS-2728 form, including history of past
or current congestive heart failure (CHF), ischemic heart disease or coronary artery disease
(CAD), cerebrovascular disease, malignancy, diabetes, hypertension, and tobacco, drug, and
alcohol dependence.

Based on patients’ zip codes, we also determined the census tract location (West, Northeast,
South, or Midwest) of individuals starting dialysis to additionally account for geographic
variations in the average wait time for deceased donor kidney transplantation (beyond those
captured by ESRD network).

Transplantation. Author manuscript; available in PMC 2021 July 01.
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Statistical analyses

Characteristics of patients at dialysis initiation that may influence medical eligibility for
transplantation

We first compared patient characteristics at the time of dialysis initiation that could
potentially affect eligibility for kidney transplantation based on prior studies addressing this
issuel®16 and characteristics that were available on the CMS-2728 form. Thus, we examined
the prevalence of older age (>70 years), history of past or current malignancy, coronary
artery disease (CAD), heart failure (HF), cerebrovascular disease, and body mass index
(BMI) over 35 kg/m? at dialysis initiation and considered these factors to be potential
contraindications to kidney transplantation.15:16

Provider-indicated assessment of medical eligibility for kidney transplantation

We used data from the CMS-2728 form about whether patients had been informed of the
option of transplantation to evaluate the face validity of our approach to determining medical
eligibility for transplantation by race/ethnicity. Specifically, the CMS form asks providers to
indicate whether patients were informed of the option of transplantation and if not, to list the
reasons for not doing so. Reasons a patient could not be informed of the option for
transplantation included “medically unfit,” “psychologically unfit,” “too old,” “patient
declined,” “patient refused,” “patient not yet assessed,” or “other.” These data have been
used to examine the provision of transplant education in prior studies.1?-18

Overall access to kidney transplantation by race and ethnicity

We examined the association between race/ethnicity and access to a living or deceased donor
transplant (as a composite outcome) using unadjusted Fine-Gray models (accounting for the
competing risk of death) to determine the extent to which race/ethnicity itself was associated
with differential access to transplant. Time to transplant was determined starting from the
date of dialysis initiation until the occurrence of the first transplant (deceased or living
donor). Because the risk of transplant was nonproportional over the long-term, we examined
the risk of transplant using Fine-Gray models (accounting for the competing risk of death)
starting from the time of dialysis initiation until five years after ESRD onset (a time period
we deemed reasonable for most individuals to receive transplantation) and determined the
sub-hazard ratio for transplantation by one-year intervals. We then repeated our unadjusted
and adjusted analyses using Fine-Gray models for the outcome of living donor
transplantation separately from deceased donor transplantation. For 95% confidence
intervals, we used a Bonferroni correction to derive a joint confidence interval that
accounted for the confidence intervals of both race and our time-varying covariate terms.

Next, we determined the extent to which demographic characteristics and co-morbid
conditions contributed to the racial/ethnic disparities in access to kidney transplantation in
two approaches. First, we adjusted for age at dialysis initiation, sex, insurance type, median
income by neighborhood zip code, tobacco use, drug dependence, alcohol dependence, body
mass index, co-morbidities (CHF, CAD, cerebrovascular disease, diabetes, hypertension),
ESRD network, calendar year of dialysis onset (to account for temporal trends in practice),
and region of the US using Fine-Gray models.

Transplantation. Author manuscript; available in PMC 2021 July 01.
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Secondly, we took an alternative approach to determining whether disparities in access to
transplant were related to medical eligibility at the time of dialysis initiation. In this
approach, we used a best case theoretical scenario where those with any demographic
characteristics (older age) or co-morbidities that could potentially impact access to
transplantation (specifically age >70 years, tobacco use, alcohol use, drug use, non
ambulatory status at dialysis initiation, CAD, stroke, CHF, BMI > 35 kg/m?2, malignancy as
reported at dialysis initiation) were excluded from our analysis (see Figure S1). We took a
very conservative approach and assumed that the presence of any such co-morbidities could
potentially be a medical barrier to transplantation in order to arrive at a remaining cohort
henceforth referred to as our “very healthy” sub-cohort. We repeated our unadjusted and
adjusted Fine-Gray models (accounting for the competing risk of death) to determine the
extent to which racial and ethnic disparities in access to transplant persisted in our “very
healthy” sub-cohort by one-year intervals up to Year 5 after dialysis initiation. We also
repeated these analyses separately for living donor transplantation and deceased donor
transplantation.

To confirm whether our “very healthy” sub-cohort did represent a population that was likely
to be medically eligible for kidney transplantation (as we intended), we re-examined the
proportion of this sub-cohort who ultimately received kidney transplantation by race/
ethnicity.In addition, we also re-examined the prevalence of patients deemed “medically
unfit” or “too old” for transplantation on the CMS-2728 form within this “very healthy” sub-
cohort.

Finally, in sensitivity analyses, we examined the outcome of time to waitlist registration (or
transplantation if patients were not waitlisted prior to transplantation) as a separate outcome,
treating death as a competing risk using unadjusted and adjusted Fine-Gray models. We
repeated these analyses both in our overall cohort and “very healthy” sub-cohort.

For select nonprimary analyses, we split our cohort into 10 random datasets and used meta-
analysis approaches to derive a final effect size due to infeasible compute times.

Study Cohort

We identified 986,019 NHW, NHB, or Hispanic adults who initiated dialysis as their first
mode of renal replacement therapy between 2005-2014 in the US. Mean age was 63 years
(SD 15), 57% were male, 56% NHW, 29% NHB, and 15% Hispanic. NHB and Hispanic
individuals were more likely to have no insurance and lower neighborhood median income
than NHWs at the time of dialysis onset. The prevalence of diabetes was highest among
Hispanic patients, whereas the prevalence of CAD and CHF was highest among NHW
patients (Table 1).

Differences in the prevalence of medical factors potentially affecting eligibility for kidney
transplantation at dialysis initiation by race/ethnicity

At the time of dialysis initiation, NHWSs were older than NHB and Hispanic individuals
(Table 1). The proportion of patients who were older than 70 years of age was highest

Transplantation. Author manuscript; available in PMC 2021 July 01.
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among NHW patients (47%) and was lowest among NHB and Hispanic individuals (p<0.001
for the difference, Table 1). Malignancy was more common among NHWSs compared to
NHBs or Hispanic individuals (Table 1).

The prevalence of BMI over 35 kg/m? at the time of dialysis initiation was highest among
NHBs (Table 1). Drug dependence was slightly more prevalent among NHB patients
compared to persons of other racial and ethnic groups (Table 1).

Provider assessment of medical eligibility for kidney transplantation

Provider-indicated transplant eligibility differed by race. Specifically, the number of patients
who were thought to be “unsuitable due to age” by their nephrologist was lower among
NHBs (4%) and Hispanics (4%) compared to NHWs (7%, Table 2). NHBs and Hispanics
were only slightly less likely to be deemed “medically unfit” by their nephrologist compared
to NHWs (Table 2).

Access to transplant by race/ethnicity

A total of 64,892 individuals received a kidney transplant (approximately 7% of the total
population) during a mean follow-up of 2.3 years, of which 40,340 were deceased donor
transplants. When we examined the time to first kidney transplant by race/ethnicity in the
overall cohort in unadjusted analysis accounting for the competing risk of death, we found
that the disparity in access to kidney transplant was more profound in the early years
following dialysis initiation in both unadjusted and adjusted analysis for all groups (Table
3A). In adjusted analysis, the disparities in access to kidney transplant among NHB and
Hispanic individuals widened compared to point estimates noted in unadjusted analysis
(Table 3A). Over time, racial/ethnic disparities in access to transplant among NHBs and
Hispanics (versus NHWSs) improved with each one-year interval following dialysis initiation.
By Year 5, access to transplant was estimated to be better for Hispanics and NHBs compared
to NHWs (Table 3A).

When we examined the risk of deceased donor and living donor transplantation as separate
outcomes of interest, we found that the trends in receipt of living and deceased donor
transplantation differed over time by race/ethnicity. For NHBs, occurrence of living donor
transplantation was substantially less likely compared to NHWSs until Year 5 in adjusted
models (Table 3A). In contrast, by Year 3, Hispanics did not statistically significantly differ
from NHWs in receipt of living donor transplantation in adjusted models and had better
access than NHWs to living donor transplantation thereafter.

NHBs and Hispanics had similar lower risk (compared to NHWSs) of receipt of deceased
donor transplantation, but rates of deceased donor transplantation improved and became
similar if not better for both groups compared to NHWSs by Year 4 in adjusted models. By
Years 4 and 5, deceased donor transplantation was statistically significantly more likely for
NHBs and Hispanics compared to NHWSs, respectively.

Transplantation. Author manuscript; available in PMC 2021 July 01.
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Disparities in access to transplant among a “very healthy” sub-cohort and characteristics
of this sub-cohort

Of the entire study population, we excluded 746,771 who had at least one characteristic that
could affect transplant eligibility (Figure S1). Of the remaining 239,248 individuals (24% of
the total population) in our “very healthy” sub-cohort, 43% were NHW, 35% NHB, and 22%
Hispanic. In this “very healthy” sub-cohort, 17% (N=39,992) ultimately received a kidney
transplant (living or deceased donor).

Of the individuals we deemed likely ineligible for kidney transplantation at the time of
dialysis initiation and whom we excluded from our “very healthy” sub-cohort, 3% received a
kidney transplant and 54% died without receiving a transplanted kidney. To further confirm
that our “very healthy” sub-cohort had face validity, we re-evaluated whether patients in this
“very healthy” sub-cohort were deemed “unsuitable due to age” or “medically unfit.” We
found the number of patients who were thought to be ineligible for kidney transplant by their
nephrologist to be substantially lower (1-2%) in this “very healthy” sub-cohort compared to
the full cohort, and that >85% were informed of the option of kidney transplantation (Table
2).

When we repeated our Fine-Gray models in our “very healthy” cohort, the disparities in
receipt of kidney transplantation by race/ethnicity were similar in their overall trends
compared to analysis of the full cohort (Table 3B). For deceased donor transplantation,
NHBs and Hispanics had similar likelihood of receiving deceased donor transplantation by
Year 4 compared to NHWSs. For living donor transplantation, rates of transplantation
remained lower in NHBs compared to NHWs until Year 5 in our “very healthy” cohort but
was similar in NHWSs and Hispanics by Year 3.

Access to waitlist registration

When we performed sensitivity analysis examining access of dialysis patients to waitlist
registration or transplantation as a composite outcome, we found that overall access to this
composite outcome was lower for both NHBs and Hispanics initially at time of dialysis
initiation (Table S1). However, in the overall cohort, by Year 2, access to waitlist registration
was better for NHBs and Hispanics (compared to NHWSs) in adjusted analyses, even after
accounting for death as a competing risk (Table S1).

In our “very healthy” sub-cohort, access to the waitlist was also lower initially for NHBs and
Hispanics, but by Year 2, access to waitlist registration was also better for NHBs and
Hispanics compared with NHWs in both unadjusted and adjusted analyses (Table S1).

Discussion

In this study, we examined differences in the prevalence of factors that may affect transplant
eligibility at the time of dialysis initiation by race/ethnicity, differences in receipt of kidney
transplant or access to waitlist registration by race/ethnicity, and the extent to which medical
eligibility may drive the disparities in access to transplantation within a theoretical
framework. Overall, we found that NHBs and Hispanics were less likely to have absolute or
relative contraindications to kidney transplantation than NHWSs, including older age and

Transplantation. Author manuscript; available in PMC 2021 July 01.
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malignancy at the time of dialysis initiation. Yet, despite the worse health status of NHWs,
they were only deemed “unfit” for transplantation at slightly higher rates than NHBs and
Hispanics, suggesting that there may be differential determination of medical eligibility by
race/ethnicity. We found that the disparities in receipt of kidney transplantation were most
profound among NHBs, followed by Hispanic individuals, compared to NHWs for the first
four years after dialysis initiation, but that access to kidney transplant was actually better
thereafter compared to NHWSs. These disparities were especially pronounced for NHBs (vs.
other race/ethnicities) in terms of receipt of living donor transplantation. Adjustment for
clinical factors in the entire cohort and restriction to a subset of “very healthy” patients who
should be medically eligible for kidney transplant resulted in amplification rather than
attenuation of the racial and ethnic disparities in access to transplant.

We believe the finding that NHB and Hispanic patients had a lower prevalence of potential
medical barriers to transplantation is an important observation. NHBs and Hispanics tended
to be younger at the time of dialysis initiation and appeared to have a lower prevalence of
co-morbidities, including heart failure and coronary artery disease, compared to NHW
patients. Thus, in general, it does not appear that higher rates of medical barriers among
NHBs accounted for the racial and ethnic disparities in access to kidney transplantation.1®
Instead, our observations are contrary to our hypotheses: NHB and Hispanic individuals
appeared to be healthier than NHWs at the time of dialysis initiation. This is also supported
by the continued improvement in transplant access over time in NHBs and Hispanic patients
relative to NHWs (Table 3), suggesting that despite the comorbid conditions that may
develop during treatment with dialysis, NHB and Hispanic dialysis patients were healthy
enough to remain eligible for kidney transplantation over time and eventually have better
access to kidney transplant than their NHW counterparts. Although we do not know whether
differences in the severity of co-morbidities were present, the better survival of NHBs and
Hispanics over the long-term would not be compatible with the theory that the severity of
co-morbidities may have been worse in NHBs and Hispanics compared to NHWSs.

Our data also suggest that differential assessment of medical eligibility for kidney
transplantation could be occurring. Despite the fact that NHWSs had more comorbidities, they
were more likely to receive kidney transplant than any other racial or ethnic group. The
percentage of NHWs deemed “medically unfit” for transplant on the CMS-2728 form was
not much higher than that of NHBs or Hispanics, which could reflect differences in the
standards by which “fitness” for transplant is judged among different racial and ethnic
groups. This is confirmed by prior studies of this issue, which have shown that failure to
inform patients of the option of transplantation (and failure of patients to acknowledge
receipt of this information) may contribute to disparities in access to transplantation.1”-18 We
also note that although many studies have cited differences in attitudes towards kidney
transplantation as a barrier,19-21 based on data from the CMS-2728 form, the proportion of
patients who declined kidney transplantation was very low and did not differ substantially
across races and ethnicities. Although some studies have shown discrepancies between prior
nephrology care and actual claims data among Medicare patients,22 the co-morbid data
reported in the USRDS and data surrounding provider provision of transplant education have
been used as the basis for numerous prior studies and have been shown to be specific (albeit
less sensitive).23 It is disappointing that despite the absence of many medical conditions that
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could have affected transplant eligibility in our “very healthy cohort,” the disparities in
receipt of kidney transplant not only failed to improve, but widened. This observation
suggests that differences in health status by race may be masking even larger disparities in
transplantation.

We did find that obesity may be an important barrier to kidney transplantation among NHB
patients, as it was much more prevalent among NHBs at the time of dialysis initiation. Many
transplant centers have adopted policies that restrict kidney transplantation among recipients
with BMI above varying thresholds.24-26 Using a conservative threshold of 35 kg/m? as the
cutoff for potential transplant eligibility, more NHB patients would not have qualified for
kidney transplantation at the time of dialysis initiation than NHW or Hispanic individuals
based on body size. Although there are concerns surrounding the higher rates of surgical
complications in the setting of morbid obesity for kidney transplant candidates that are
beyond the scope of this study,2>27 our data suggest that BMI thresholds for transplant
eligibility may contribute to disparities in kidney transplant, although we acknowledge that
BMI is modifiable and that we may be overestimating the contribution of BMI to these
disparities.

Of note, when we examined receipt of living versus deceased donor transplantation
separately, we found that the disparities in receipt of living donor transplantation were more
pronounced than those seen in deceased donor transplantation for NHBs, especially in the
early years after dialysis initiation. In contrast, we did not find that access to waitlist
registration was lower among NHB or Hispanic patients (compared to NHWSs) within one to
two years of dialysis initiation. The observed early disparities in access to waitlist
registration could be due in part to lack of early referral to transplant centers prior to dialysis
initiation among NHBs and Hispanics, and the occurrence of “catch-up” in waitlist
registration thereafter.8 However, our findings also suggest that the conversion from waitlist
registration to actual receipt of transplantation may be a greater barrier to receipt of kidney
transplantation in NHBs and Hispanics (versus NHWSs).

The strengths of our study include the large size of the national cohort in which there were a
large number of transplant events and the contemporary nature of the data. Limitations
include the observational nature of the data, potential for missing data from Kidney
Transplant Registration or CMS-2728 forms, and lack of more granular data surrounding
patient and provider attitudes towards kidney transplantation as well as severity of co-
morbidities. We cannot rule out the presence of potential residual confounding, and we
recognize that different transplant centers may use different criteria for determining
eligibility. We did not have blood type on all patients, and given known differences in the
prevalence of various blood type by race, residual confounding may be present. Although
our study is focused on medical barriers to transplantation, we acknowledge that we have
limited data surrounding access of patients to transportation, patient knowledge about
transplantation, patients’ ability to meet co-pay requirements for medications, and changes
in insurance status over time which are other considerations that may be contributing to the
disparities in access to transplantation by race/ethnicity. It is also possible for some co-
morbid conditions to be misclassified, and we recognize that some co-morbidities that were
used to determine in-eligibility for kidney transplantation could be modified over time (such

Transplantation. Author manuscript; available in PMC 2021 July 01.
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as obesity, smoking or alcohol use). However, we emphasize that our study was designed to
provide a hypothetical scenario in which we evaluated whether racial disparities in access to
transplant would be attenuated if we eliminated potential differences in medical eligibility
(i.e. in our “very healthy” sub-cohort).

In conclusion, less than one-third of the patients who started dialysis between 1995-2014
appeared to be without any apparent medical contraindications to kidney transplantation.
Racial and ethnic disparities in access to kidney transplantation persist and could be of
greater magnitude than previously reported when accounting for the health of dialysis
patients who are potential transplant candidates. Differences in the perception or assessment
of eligibility by race or ethnicity may be important. Our findings deserve confirmation given
recent changes to the kidney allocation system, and further studies are needed to develop
interventions to improve parity in transplantation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

The interpretation and reporting of the data presented here are the responsibility of the authors and in no way
should be seen as an official policy or interpretation of the US government.

Funding: Dr. Ku was funded by National Institutes of Health K23 HL131023 and Dr. Johansen by K24 DK85153.
Dr. Ku and Dr. Johansen were also funded by R01 DK115629.

Abbreviations:

BMI body mass index

CAD coronary artery disease

CHF congestive heart failure

CMS Centers for Medicare and Medicaid
ESRD end-stage renal disease

KAS Kidney Allocation System
MEDEVID Medical Evidence Form

PVD peripheral vascular disease

NHB Non-Hispanic black

NHW Non-Hispanic white

USRDS United States Renal Data System
CKD chronic kidney disease

Transplantation. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ku et al.

References
1

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 11

. Amaral S, Patzer RE, Kutner N, et al. Racial disparities in access to pediatric kidney transplantation

since share 35. J Am Soc Nephrol. 2012;23(6):1069-1077. [PubMed: 22539831]

. Patzer RE, Amaral S, Wasse H, et al. Neighborhood poverty and racial disparities in kidney

transplant waitlisting. J Am Soc Nephrol. 2009;20(6):1333-1340. [PubMed: 19339381]

. Patzer RE, Sayed BA, Kutner N, et al. Racial and ethnic differences in pediatric access to

preemptive kidney transplantation in the United States. Am J Transplant. 2013;13(7):1769-1781.
[PubMed: 23731389]

. Furth SL, Garg PP, Neu AM, et al. Racial differences in access to the kidney transplant waiting list

for children and adolescents with end-stage renal disease. Pediatrics. 2000;106(4):756—-761.
[PubMed: 11015519]

. Ifudu O, Dawood M, lofel Y, et al. Delayed referral of black, Hispanic, and older patients with

chronic renal failure. Am J Kidney Dis. 1999;33(4):728-733. [PubMed: 10196016]

. Lewis RM, Sankar A, Pittman J. Disparities in access to kidney transplantation between donor

service areas in Texas. Am J Transplant. 2014;14(10):2303-2309. [PubMed: 25219981]

. Siegel JT, O'Brien EK, Alvaro EM, et al. Barriers to living donation among low-resource Hispanics.

Qual Health Res. 2014;24(10):1360-1367. [PubMed: 25147215]

. Winkelmayer WC, Glynn RJ, Levin R, et al. Determinants of delayed nephrologist referral in

patients with chronic kidney disease. Am J Kidney Dis. 2001;38(6):1178-1184. [PubMed:
11728948]

. Gadegbeku C, Freeman M, Agodoa L. Racial disparities in renal replacement therapy. J Natl Med

Assoc. 2002;94(8 Suppl):45S-54S. [PubMed: 12152912]

. Gill J, Dong J, Rose C, et al. The effect of race and income on living kidney donation in the United
States. J Am Soc Nephrol. 2013;24(11):1872-1879. [PubMed: 23990679]

Hall YN, Choi Al, Xu P, et al. Racial ethnic differences in rates and determinants of deceased
donor kidney transplantation. J Am Soc Nephrol. 2011;22(4):743-751. [PubMed: 21372209]
Chakkera HA, O’Hare AM, Johansen KL, et al. Influence of race on kidney transplant outcomes
within and outside the Department of Veterans Affairs. J Am Soc Nephrol. 2005;16(1):269-277.
[PubMed: 15563568]

Sequist TD, Narva AS, Stiles SK, et al. Access to renal transplantation among American Indians
and Hispanics. Am J Kidney Dis. 2004;44(2):344-352. [PubMed: 15264194]

University of Michigan: Institute for Social Research. Zip Code Characteristics: Mean and Median
Household Income. Available at http://www.psc.isr.umich.edu/dis/census/Features/tract2zip/
index.html. Published 2010.

Epstein AM, Ayanian JZ, Keogh JH, et al. Racial disparities in access to renal transplantation--
clinically appropriate or due to underuse or overuse? N Engl J Med. 2000;343(21):1537-1544, 2 p
preceding 1537. [PubMed: 11087884]

Bunnapradist S, Danovitch GM. Evaluation of adult kidney transplant candidates. Am J Kidney
Dis. 2007;50(5):890-898. [PubMed: 17954303]

Kucirka LM, Grams ME, Balhara KS, et al. Disparities in provision of transplant information affect
access to kidney transplantation. Am J Transplant. 2012;12(2):351-357. [PubMed: 22151011]
Salter ML, Orandi B, McAdams-DeMarco MA, et al. Patient- and provider-reported information
about transplantation and subsequent waitlisting. J Am Soc Nephrol. 2014;25(12):2871-2877.
[PubMed: 25168028]

Ayanian JZ, Cleary PD, Weissman JS, et al. The effect of patients’ preferences on racial differences
in access to renal transplantation. N Engl J Med. 1999;341(22):1661-1669. [PubMed: 10572155]
Gordon EJ, Mullee JO, Ramirez DI, et al. Hispanic/Latino concerns about living kidney donation:
a focus group study. Prog Transplant. 2014;24(2):152-162. [PubMed: 24919732]

Hanson CS, Chadban SJ, Chapman JR, et al. The expectations and attitudes of patients with
chronic kidney disease toward living kidney donor transplantation: a thematic synthesis of
qualitative studies. Transplantation. 2015;99(3):540-554. [PubMed: 25463967]

Transplantation. Author manuscript; available in PMC 2021 July 01.


http://www.psc.isr.umich.edu/dis/census/Features/tract2zip/index.html
http://www.psc.isr.umich.edu/dis/census/Features/tract2zip/index.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ku et al.

22.

23.

24.

25.

26.

27.

Page 12

Kim JP, Desai M, Chertow GM, et al. Validation of reported predialysis nephrology care of older
patients initiating dialysis. J Am Soc Nephrol. 2012;23(6):1078-1085. [PubMed: 22518002]

Kucirka LM, Grams ME, Lessler J, et al. Association of race and age with survival among patients
undergoing dialysis. JAMA. 2011;306(6):620-626. [PubMed: 21828325]

Mandelbrot DA, Pavlakis M, Danovitch GM, et al. The medical evaluation of living kidney donors:
a survey of US transplant centers. Am J Transplant. 2007;7(10):2333-2343. [PubMed: 17845567]

Segev DL, Simpkins CE, Thompson RE, et al. Obesity impacts access to kidney transplantation. J
Am Soc Nephrol. 2008;19(2):349-355. [PubMed: 18094366]

Johansen KL. Obesity and body composition for transplant wait-list candidacy--challenging or
maintaining the BMI limits? J Ren Nutr. 2013;23(3):207-209. [PubMed: 23611548]

Johansen KL, Young B, Kaysen GA, et al. Association of body size with outcomes among patients
beginning dialysis. Am J Clin Nutr. 2004;80(2):324-332. [PubMed: 15277152]

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 13

Ku et al.

. Rnaibigs yuejdsues 10a4e 1eyy sonsusiorteyd Buipnjout ‘(Ajuo sisAjeip) 18suo @yS3 111 1e siusned Jo sonsiigoeRy)

Author Manuscript

69

cL
L
LC
LT
1)
8¢
L
o174

[cr29s ‘1115€] 2very

0§

69
0t
0€
€1
ST
89
81

[ov8Ts ‘9.51€] 9886€

Sy

99
0T
S€
14
0¢
9€
LZ
LT

[829%9 ‘€€207] 69897

67 0}
. 2041 pooIg
69 salagelq
6 ajons
43 ain|ie} LeaH
0z aseasIp Alale Areuolo)
8T 1SeaylIoN
534 yinos
44 1SSMPIIN
8T 1SS\
uoibay

[eT266 '6969¢] 8evor  [HOI] 8pod diz Aq ($) swoour uelpsin

Anpnaibigs wejdsuely Bunoaye s1031oe) [RUCIIPPY

14 9 0T 8 AoueubBijen
91 €z 02 0z 2W/Bx G€ Jano NG
T € 80 T asn bnug
v 4 [4 4 asn Joyodv
e L L 9 asn 000eqo]
T T T T STEIMVAIIEIEY
12 |74 0c 12 areAlid/18ul0
0¢ JA) L [4) predipsiN
Si% 0S L9 69 3IedIP3N
[4% T 14 L SUON
, Boueinsuj
LC 9 A4 8¢ uoneniut sisAfelp ye 0/ Jano 8by
ST ¥65 ST ¥ 65 YT F L9 STFE9 (s1A) uonemui sisAfelp ye aby
Annaqibys yuejdsuesy Bunosye sioioe
. ¥9T'€82=N 618'S55=N »
9€0 LvT=N oelg SHUM 6T0986=N
ojuedsiH ojuedsiH-UON oluedSIH-UON [1e43n0 % 40 AS F UealA

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 14

Ku et al.

'sisA|eue 10} papnfoul 8soyl 40 GGy L9T=N Ul AJuo 3|ge|reny

'sdnoJB o1uy1e pue a9kl |[e SS0IoR S30UBIBYIP 0} GO'0>d
¥

4 14 14 14 av
0T 0¢ T 1 d
6¢ 14 or €e \
¥97'€82=N 6T8'GG35=N
9€0'/¥T=N A%e|g SHUM 6T0986=N
ouedsiH a1uedsiH-UoN oluedsiH-uoN MIENe) % 10 S F Uea|N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 15

Ku et al.

Author Manuscript

4
T0
[\
0

98

(%22) TT7'€5=N
T
€0
1
0
€
08

(%ST) 9€0'2¥T=N
oluedsiH

17
T0
4]
¥'0

L8

(%5€) 668'28=N
T
20
4
L0
4
08

(%62) ¥9T'c82=N
»oe|g otuedsiH-UoN

01
4
4]
70

L8

(%€v) 8€6'20T=N
7
70
L
7’0
L
7]

(%93) 618'555=N
8HYM dluedsiH-UoN

passasse 184 Jou Jualied

pauljoap uaiied

abe 0] anp ajgeunsun

14un AjeaibojoyoAsd

wun Ajjeatpaiy

3 Aj[eo1paiu/patulojul Juatied
uondo juawiealy se Juejdsue.y Jo pawojul 194 1ou Jualred uoseay
8oeJ Ag 110y09-gns 40 (%) N Moyoa-gns ,Ayieay Aiap,,

passasse 194 Jou Jualied

pauljosp uaired

abe 0] anp ajgeunsun

1un Ajreaibojoyohsd

un Ajjeatpaiy

1} Aj[es1paw/pawiojul Juatied
uondo juawiyeal se Jue|dsuel Jo pawojul 194 Jou Jusired uoseay
aoel Aq uoneindod [e101 40 (94) xUoneindod jelol

(CZRUCRIER]

"G00z douls Aupiqibife uejdsued) Jo uawssasse 1s1bojoiydau pue ased ABojoiydaN

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 16

Ku et al.

‘A1101UY18/99R. AQ [[RJ9A0 3] UI 19SU0 dHYST JO awin ay) woJ) Buiuels uonelue|dsuel] Jo aW0IIN0 ay) 10) S|apow Ari9-aulH

Author Manuscript

(zeTtr) 18T
(LT'1-2L°0) 260
13y

G JesA
(Le'€-607) 59T
(68'T-9T'T) 87'T
JEX

G JeaA

(LLT-9TT) EV'T
(98'1-6€T) 67T
19y

G JesA
(ze'2-sS'T) 06'T
(99'2-56'T) 82'C
18y

G Jes

(05'T-TTT) 62°T
(S5'T-12'T) LET
13y

G JesA
(¥T'2-19T) 98°T
(6v'2-56'T) 02'C
JEN

G Jes A\

(tL1-2r1) 86T
(58'0-95°0) 69°0
19y

P IeoA
(ev'2291) 86T
(ze'1-28°0) L0'T
JEN

¥ JeaA

(se'1-€6'0) CT'T
(7€' T-10T) 60°T
19y

7 IeoA
(eLT-22T)SV'T
(88'T-€V'T) ¥9'T
JEN

¥ JeaA

(0z'1-26°0) S0'T
(60'1-88'0) 860
19y

7 IeoA
(99'T-0€'T) L¥'T
(69'T-2€T) 2S'T
JEN

{7 Jes A\

(92'1-88'0) 90'T
(T9°0-€v'0) 150
IER

€ IeaA
(921-G2T) 87T
(26'0-590) 220
GRS

€ JeaA

(€0'1-GL'0) £8°0
(96'0-52°0) 080
IER

€ JeaA
(62'1-56'0) TT'T
(ze'1-50T) 8T'T
JEN

€ JeaA

(96'0-2L'0) 98°0
(92'0-€9'0) 020
19y

€ JeaA
(62'T-S0T) 9T'T
(ST'1-96'0) SO'T
GRS

€ JeaA

(€6'0-020) 18°0
(77°0-€€°0) 8€°0
JER

2 JeaA
(LzT1-L60)TT'T
(#9'0-6%°0) 95°0
GRS

2 JeaA

(82'0-09'0) 890
(69°0-25'0) 650
JER

2 JeaA
(96'0-62'0) G8'0
(€6'0-22'0) G8°0
IEN

2 JeaA

(£2°0-v9°0) 020
(€5'0-9%°0) 050
LR

2 JeaA
(T0'1-68'0) 26°0
(8£'0-29'0) 220
IEN

2 JeaA

uoreniul siskjeip Jaie saeak Jo JaquinN

(89'0-5'0) 29°0
(¢e'0-92°0) 62°0
IER

T JesA
(16'0-GL°0) €8°0
(¥'0-9€'0) 0¥'0
GRS

T JeaA

(65'0-8v'0) €50
(05°0-2v°0) ¥7°0
JER

T JesA
(T2'0-650) 59°0
(99'0-95'0) 19°0
IEN

T JeaA

(¢9'0-v5°0) LG50
(2£'0-€€0) GE'0
GRS

T JesA
(82°0-89°0) €20
(€5°0-2%0) 050
IEN

T JesA

(05°0-€7°0) L¥'0
(T2'0-02°0) 120
JER

0 JeaA
(99'0-85°0) 290
(T€'0-22°0) 62°0
JEN

0 JesA

oluedsiH
3oe|g d1uedsiH-uoN
8MUM OluedsiH-UoN

pPasNlpY

JluedsiH
soe1g d1uedsiH-UON
aHYM DluedsIH-UON

paisnipeun

uonejue|dsue.y Jouop BUIAIT]

(Sv0-6€°0) 2v'0
(9e°0-2€0) ¥€'0
JER

0 JesA
(€5°0-9%°0) 67°0
(9v'0-T¥0) ¥7°0
IEN

[ELEIN

uolyejue
(6v°0-5v°0) Lv'0
(92'0-¥2'0) 520
IER]

0 JesA
(19'0-65'0) 850
(9€'0-€€0) ¥€'0
IEN

0 JesA

oluedsiH
3oe|g dluedsiH-uoN
8MUM OluedsiH-UoN

pPawnlpY

oluedsiH
>08]g d1uedsiH-UoN
a)UM OluedsIH-UON
paisnipeun
|dsueuy Jouop paseadsq
oluedsiH
>0e[g d1uedsiH-UoN
8MUM OluedsiH-UoN
pPawnlpY

oluedsiH
soe1g d1uedsiH-UON
AU J1uedsiH-UON

paisnipeun

uonejue|dsue.y Jouop
pasesdsp 40 HulAI]
(6T0'986=N) 12480

Ve 9|gel

Author Manuscript

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 17

Ku et al.

"uoITRRIUI JO JeaK Jepus|ed pue ‘JoMIsu gYST ‘souspuadsp Bnip pue ‘joyooje ‘029eqo} ‘uoisusliadAy
‘salagelp ‘ain|ie) 1eay ‘9seasip 1ejnasenolqalsd ‘avd ‘IING ‘SN a8y Jo uoibal ‘snyels aoueinsul ‘apod diz pooyloqybiau Ag awooul Uelpaw ‘Xas ‘(ISII4 S1 JaAaYDIYM) 18sU0 ST 1e abe Joy uﬁm:.—u/\w

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 18

Ku et al.

G leaA
(TTz-8TT) 85T
(8T'T-¥9'0) £8'0

GRS

G Jesp

(PLT-€0T) ¥E'T
(89°T-2TT) LET
JEX|

G JeaA
(82'1-8L°0) 00T
(6v'1-00'T) 22'T

LR

G Jean

(6€'T-L60)9T'T
(0v'1-20T) 02'T
LR

G JeaA
(¥2'1-26'0) LO'T
(Lr'1-erT) 82T
IEN

G JeaA

7 Ies A
(87'1-06°0) 9T'T
(28'0-6%0) €90

GRS

¥ Jean

(0£'1-€8°0) ¥0'T
(22'1-680)€0°T
JEX|

2LEIN
(26'0-€9'0) 820
(0T'1-82'0) 260

JER

7 Jeax

(60'7-08'0) €60
(86'0-G2'0) 98°0
JER

BLETN
(96'0-72'0) ¥8'0
(20'1-08'0) 06°0
IEN

2LEIN

€ IeaA
(¥0'1-69'0) 8'0
(85°0-2€0) 970

JEN

€ Iean

(86°0-29°0) 18°0
(68°0-99°0) £2°0
194

€ IeoA
(€£'0-15°0) 190
(08'0-09°0) 69°0

IER

€ Jean

(58'0-99'0) G20
(69'0-5'0) 29°0
IER

€ JeaA
(#2'0-65'0) 99°0
(0£'0-25'0) ¥9°0
IEN

€ JeaA

2 JeaA
(€2°0-€5°0) 290
(0v'0-62'0) ¥€'0

13

Z Jean

(#2°0-€5°0) £€9°0
(59°0-15°0) LS50
194

Z e
(S5°0-T70) L¥'0
(65°0-9%°0) 250

IER

Z Jean

(29'0-¥5'0) 09°0
(6v°0-07°0) ¥¥'0
IER

2 JeaA
(25'0-87'0) 250
(87°0-T¥'0) G¥'0
N

Z JeaA

T JesA
(15°0-0°0) S7'0
(82'0-22'0) 520

G|

T Jean

(55°0-€v°0) 670
(L7'0-6€°0) €70
184

T JeoA
(T70-€€°0) LEO
(€°0-9€0) 6£°0

JEX|

T Jean

(€5°0-vv°0) 87°0
(¥€'0-62'0) 2€'0
JEX|

T JesA
(¥'0-6€0) T¥°0
(€€'0-0£0) T€'0
|

T JesA

0 JeaA
(9e°0-T€°0) €€°0
(02'0-21°0) 8T°0

JEXY

0 Jean

(zv'0-v€°0) 8€0
(#£°0-0€°0) 2Z€0
19y

0 JeaA
(1€'0-92°0) 62°0
(ce'0-82°0) 62°0

BN

0 Jean

uonelue|dsueL} J0Uop Pasesdsd

(T7°0-2€°0) 6€°0
(¥2'0-22'0) €2°0
BN

0 Jesp
(7€'0-1€0) €€°0
(€2°0-T2'0) 220
JEXY

0 JesA

uolenIul sisAjelp Jaife saeak Jo JaquinN

>oe|g o1uedsiH-UoN

(39) 8y O1uBdSIH-UON

uonejuejdsueay Jouop BulAI]

>oe|g o1uedsiH-UoN

(39) 8y O1uBdSIH-UON

>oe|g o1uedsiH-UoN

(39d) MY dluedsIH-UON

>oe|g o1uedsiH-UoN

(39d) MY dluedsIH-UON

>oe|g oluedsiH-uoN

(494) 8Ny d1uedsIH-UON

(paseadap J0 BulAl]) [[e49nO

14OHOD AHLTV3IH

pPawNlpY

JluedsiH

TEIEINe)

paisnipeun

JluedsiH

TEIEINe)

Py

oluedsiH

MIENe)

paisnipeun

oluedsiH

pPawNlpy

oluedsiH

paisnipeun
(8¥2'6€2=N)

‘A101uy1a/a9e. Ag 110yoa-gns . Auyrjeay AIan,, syl Ul 19suo d¥S3 JO awin ay) woJ) uoneiuejdsue Jo awo9Ino ayl 1oy sjapow Aelo-aul4

Author Manuscript

‘d€ ||qel

Author Manuscript

Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



Page 19

Ku et al.

"uoljenIul Jo Jeak Jepuajed pue ‘lomisu gysS3 ‘eouspuadap Bnip pue ‘joyooje ‘092eqo) ‘uoisualadAy
‘sa1aqeIp ‘ain|ie) 1eay ‘asessip Jejnasenqalad ‘avd ‘1INg ‘SN 8yl Jo uoiBal pue ‘snels soueinsul ‘apod diz pooyloqyBiau Ag awooul uelpaw ‘Xas ‘(1s11) SI JaA3YDIYM) 18SU0 Q¥ST 1e abe Joy umm:.—?\m

(81211 ST
(98°0-15°0) 99°0
19y

(022-87'1) 002
(€2°'1-99'0) 06°0
JEN

(7°0-2€°0) 00
(T2°0-8T°0) 6T°0
Joy

(€9°0-6%'0) 550
(0£°0-€2°0) 92°0
LN

(06'0-69°0) 92°0
(z7°0-0€°0) 9€°0
LN

(0£'1-68'0) SO'T
(09°0-6€°0) 8%°0
LN

uomneul sIsfelp Jaye saeak Jo JaquinN

oluedsiH
>oe]g oluedsiH-UoN
(J94) 8NYM d1UedSIH-UON

(8v2'6€2=N)
(paseadap 40 BuiAll) |[essnO

14OHOD AHLTV3IH

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

Transplantation. Author manuscript; available in PMC 2021 July 01.



	Abstract
	Introduction
	Material and Methods:
	Study Population and Data Source
	Predictor and Outcome
	Covariates
	Statistical analyses

	Characteristics of patients at dialysis initiation that may influence medical eligibility for transplantation
	Provider-indicated assessment of medical eligibility for kidney transplantation
	Overall access to kidney transplantation by race and ethnicity

	Results:
	Study Cohort
	Differences in the prevalence of medical factors potentially affecting eligibility for kidney transplantation at dialysis initiation by race/ethnicity
	Provider assessment of medical eligibility for kidney transplantation
	Access to transplant by race/ethnicity
	Disparities in access to transplant among a “very healthy” sub-cohort and characteristics of this sub-cohort
	Access to waitlist registration

	Discussion
	References
	Table 1.
	Table 2.
	Table 3A.
	Table 3B.



