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Abstract
Background—African Americans are at greater risk to reach end stage renal disease and this
risk may carry over in a kidney transplant recipient after kidney transplantation.

Methods—Linking the 5-year patient data of a large dialysis organization to the Scientific
Registry of Transplant Recipients, we identified 13,692 hemodialysis patients who underwent first
kidney transplantation. Mortality or graft failure and delayed graft function (DGF) risks were
estimated by Cox regression (hazard ratio [HR] and 95% CI) and logistic regression, respectively.

Results—Patients were 48±14 years old and included 39% women and 26% diabetics. After
adjusting for several relevant clinical and transplant-related variables, African American donor
race was associated with higher all-cause mortality, with hazard ratios of 1.39 (1.09–1.78) for all-
cause mortality, 1.80 (1.17–2.76) for cardiovascular mortality, 1.30 (1.03–1.64) for death-
censored graft loss and 1.31 (1.10–1.57) for combined outcome over the 6-year observation
period. In the non-African American recipient sub-cohort, but not in the African American
recipient sub-cohort, African American donor race was associated with higher risk of death-
censored graft loss (2.24(1.44–3.49)) in our fully adjusted model.

Conclusions—African American donor race was associated with increased all-cause and
cardiovascular mortality and graft loss.
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Introduction
The United States Renal Data System data indicates that 32% of Americans with end stage
renal disease (ESRD) are African American, even though black individuals represent only
13% of the US population.1,2 In addition to many sociocultural and environmental
influences, over the last few years genetic factors were identified that could explain this
disproportionality. Polymorphisms in the nonmuscle myosin heavy chain 9 (MYH9) gene
exhibit strong association with non-diabetic chronic kidney disease (CKD) in African
Americans.3 Recently Genovese et al. observed that genetic variation in the APOL1 gene,
located immediately centromeric of MYH9, is also strongly associated with non-diabetic
CKD, and they presented evidence that the statistical association is stronger than that of
MYH9. They suggested that these coding variants are in fact causally related to kidney
disease and provided an explanation for selection of APOL1 kidney disease risk
polymorphisms as protective from an infectious disease common in Africa.4–6 MYH9 and
APOL1 have been suggested to account for a large proportion of the excess risk of ESRD
observed in African Americans.

These contributions to ESRD risk could be expressed in transplant recipients who originally
don’t carry these risks when they undergo kidney transplantation, especially genetic risks.
Accordingly, one would expect that a kidney transplanted from an African American donor
displayed more graft loss and worse residual renal function, which could also result in
higher mortality. However, data examining the association of donor race/ethnicity with
outcomes are controversial. A recent study of 72,945 patients from OPTN/UNOS reported
that African American donor kidneys had lower graft survival when transplanted into white
Americans or African Americans and were also associated with lower patient survival when
transplanted into white American recipients.7 Increased risk of hypertension and diabetes
was reported in African American donors.8 Along the same lines, Swanson et al. found that
kidneys from African American deceased donors had a 1.64-fold higher risk of graft loss
compared to those from white donors.9 Contradicting these studies, Locke et al. reported
that among African American recipients of kidneys obtained after cardiac death those who
received kidneys from African American donors had better long-term graft and patient
survival than those who received kidneys from white American donors. In addition,
compared with standard-criteria kidneys from white American donors after brain death,
kidneys from African American donors after cardiac death conferred a 70% reduction in the
risk of graft loss and a 59% reduction in risk of death among African American recipients.10

These findings suggest that kidneys obtained from African American donors after cardiac
death may afford the best long-term survival for African American recipients.10

As an initial step toward exploring this issue, we examined associations of donor race/
ethnicity with post-transplant short term and long term outcomes in a large national cohort
of kidney transplant recipients. We hypothesized that African American donor race is
associated with worse post-transplant patient and graft survival in a large prospective cohort
of incident kidney transplant recipients from the United States.
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Patients and Methods
Patients

We linked data on all kidney transplant recipients listed in the Scientific Registry of
Transplant Recipients (SRTR) up to June 2007 to a list of individuals with CKD who
underwent maintenance hemodialysis treatment from July 2001 to June 2006 in one of the
outpatient dialysis facilities of a US-based large dialysis organization (DaVita Inc, prior to
its acquisition of former Gambro dialysis facilities) using patients’ social security numbers.
The study was approved by the Institutional Review Boards of both Los Angeles Biomedical
Research Institute at Harbor-UCLA and DaVita Clinical Research.

Clinical and Demographic Measures
The creation of the national DaVita hemodialysis patient cohort has been described
previously.11–16 Demographic data and details of medical history were collected, with
information on age, gender, race/ethnicity, type of insurance, marital status, presence of
diabetes, height, post-hemodialysis dry weight (to calculate averaged body mass index
[BMI]) and dialysis vintage. Dialysis vintage was defined as the duration of time between
the first day of dialysis treatment and the day of kidney transplantation.

Race/ethnicity
The DaVita national database, similar to the USRDS database, includes race/ethnicityfor
over 98% of all patients as “self-identified” data. Race/ethnicity determinations were based
on “self-identification” data, in that dialysis patients chose the race/ethnicitywith which they
most closely identified according to the definitions set forth by the United States Census
Bureau and the Federal Office of Management and Budget. In this study mutually exclusive
ethnic categories were created according to the donorracedata from the SRTR.

Laboratory Measures
Blood samples were drawn using uniform techniques in all of the DaVita dialysis clinics and
were transported to the DaVita Laboratory in Deland, Florida, typically within 24 hours. All
laboratory values were measured by automated and standardized methods in the DaVita
Laboratory. Most laboratory values were measured monthly, including serum urea,
creatinine, albumin, calcium, phosphorus, bicarbonate, and total iron binding capacity
(TIBC). Serum ferritin was measured at least quarterly. Hemoglobin was measured at least
monthly in essentially all patients and weekly to biweekly in most patients. Most blood
samples were collected pre-dialysis with the exception of post-dialysis serum urea nitrogen
to calculate urea kinetics. Kt/V (single pool) was calculated using urea kinetic modeling
equations as described elsewhere.13

Statistical Methods
Data were summarized using proportions, means (±standard deviation [SD]) or medians
(interquartile range [IQR]) as appropriate. Categorical variables were compared using chi-
square tests, and continuous variables were compared using t tests or Mann-Whitney U tests,
Kruskal- Wallis H tests, or analyses of variance, as appropriate. For all-cause and
cardiovascular mortality and graft failure, defined as re-initiation of dialysis treatment or re-
transplantation, time to event was used in all survival analyses. For delayed graft function
(DGF), defined as the need for any dialysis therapy in the first week after transplantation,17

time to event was not accounted for. The association between donor race and outcomes was
assessed using Cox regression analysis and Kaplan-Meier plots with log-rank test. Survival
analyses to calculate hazard ratios (HR) and 95% confidence interval (95%CI) of death or
graft failure employed Cox proportional hazards regression. In the mortality analyses the
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patients were followed until event (death) or censoring (graft failure or end of follow-up
period) whichever happened first. In the graft failure analyses the patients were followed
until event (graft failure) or censoring (death or end of follow-up period) whichever
happened first. In the combined outcome analyses patients were followed until event (death
or graft failure) or censoring (end of follow-up period) whichever happened first. Logistic
regression models were employed to estimate the odds ratio (OR) and 95%CI of post-
transplant DGF.

For each regression analysis, four level of multivariate adjustment were examined: (I) A
minimally adjusted (referred to as “unadjusted”) model that included donor race as the
predictor and entry calendar quarter (q1 through q20) as the covariate; (II) Case-mix
adjusted models that included the above plus age, gender, recipient race (African Americans
and other self-categorized Blacks, Non-Hispanic Whites, Asians, Hispanics and others),
diabetes mellitus, dialysis vintage (<6 mo, 6 mo to 2 yrs, 2–<5 yrs and ≥5 yrs), primary
insurance (Medicare, Medicaid, private and others), marital status (married, single, divorced,
widowed and other or unknown), standardized mortality ratio of the dialysis clinic during
entry quarter, dialysis dose as indicated by Kt/V (single pool), presence or absence of a
dialysis catheter, and residual renal function during the entry quarter and 8 co-morbidities
(atherosclerotic heart disease, congestive heart failure, cancer, chronic obstructive
pulmonary disease, cerebrovascular disease, hypertension, peripheral vascular disease,
tobacco use); (III) The malnutrition-inflammation-complex syndrome (MICS) adjusted
models which included all of the covariates plus 11 surrogates of nutritional status and
inflammation measured during the last calendar quarter before transplantation including
body mass index (BMI) and 9 laboratory variables, i.e. nPCR as an indicator of daily protein
intake, also known as the normalized protein nitrogen appearance (nPNA)18, and serum or
blood concentrations of TIBC, ferritin, phosphorus, calcium, bicarbonate, peripheral white
blood cell count (WBC), lymphocyte percentage, albumin and hemoglobin; and (IV) Case-
mix, MICS and transplant data adjusted models included all of the above plus 6 transplant-
related variables: (1) donor type (deceased or living), (2) donor age, (3) donor gender, (4)
panel reactive antibody (PRA) titer (last value prior to transplant), (5) number of HLA
mismatches and (6) cold ischemia time. All analyses were carried out with SAS version 9.1,
SAS Institute Inc., Cary, North Carolina and STATA version 11.1 (STATA Corporation,
College Station, TX).

Results
The original 5-year (7/2001–6/2006) national database of all DaVita patients included
164,789 adult subjects. Out of 65,386 DaVita patients who were identified in the SRTR
database, 17,629 had undergone one or more kidney transplantation during their life time,
but only 14,508 dialysis patients had undergone kidney transplantation for the first time.
After excluding those without electronically recorded donor race/ethnicity (n=816), there
were 13,692 hemodialysis patients who underwent a first kidney transplantation during the
observation period and who were followed until death, graft failure, loss of follow up, or
survival until June 30th 2007 (Figure S1). There were 986 deaths (7.2%) and 1,351 graft
failures (9.9%) irrespective of subsequent deaths. The median follow-up time was 730 days
(interquartile range was: 365–1219 days). The basic characteristics of waitlisted, but non-
transplanted, patients have been described elsewhere.19 Table 1 shows the clinical,
demographic and laboratory data of the 13,692 transplanted hemodialysis patients.
Recipients who received a kidney from an African American donor were more likely to be
African American, to have received a kidney from a living, younger donor with shorter cold
ischemic time and had higher crude DGF rates. Table 2 shows the clinical, demographic and
laboratory data of the 13,187 transplanted hemodialysis patients across different donor and
recipient races. The crude mortality and cardiovascular death rate was the highest in non-
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African American recipients who received a kidney from an African American donor and
the crude graft loss and delayed graft function rate was the highest in African American
recipients who received a kidney from a non-African American donor.

We also noticed changes over time in racial proportions of donors and recipients according
to time on dialysis or vintage (Figure 1). The proportion of non-African American recipients
received kidney from non-African American donors showed a decreasing trend (p<0.001),
whereas the proportion of African American recipients received kidney from non-African
American donors increased over time of dialysis treatment (p<0.001) according to longer
time on dialysis (Figure 1).

Figure 2–4 and Table 3 shows the association of African American donor race with various
outcomes in the entire cohort and separately among non-African American recipients and
African American recipients. In the entire cohort African American donor race was
associated with higher cardiovascular mortality (Figure 2B), death-censored transplant loss
(Figure 2C), and combined outcome (Figure 2D). The all-cause mortality curves were
parallel during the first 3 years, but separated thereafter representing worse survival in
African American donor group (Figure 2A). Table 3A shows the calculated HR and OR of
all-cause and cardiovascular death, graft failure and delayed graft function comparing
African American versus non-African American donor races in the entire cohort. African
American donor race was associated with 39%, 80%, 30% and 31% higher all-cause
mortality (HR and 95%CI: 1.39 (1.09–1.78)), cardiovascular mortality (HR and 95%CI:
1.80 (1.17–2.76)), death-censored graft loss (HR and 95%CI: 1.30 (1.03–1.64)) and
combined outcome (HR and 95%CI: 1.31 (1.10–1.57)), respectively over the 6-year
observation period after adjusting for several relevant clinical and transplant-related
variables. The risk of delayed graft function did not show association with African
American donor race.

Among non-African American recipients, African American donor race was associated with
higher death-censored graft loss (Figure 3C), and combined outcome (Figure 3D). The all-
cause mortality curves were parallel during the first year, but separated thereafter
representing worse survival in the African American donor race group (Figure 3A). A
similar trend was observed for cardiovascular mortality (Figure 3B). Moreover, in this sub-
cohort African American donor race was associated with more than two times and 49%
higher death-censored graft loss (HR and 95%CI: 2.24 (1.44–3.49)) and combined outcome
(HR and 95%CI: 1.49 (1.05–2.13)) after adjusting for several relevant clinical and
transplant-related variables (Table 3B).

Among African American recipients, all survival curves were parallel (Figure 4A–D). In this
sub-cohort African American donor race was associated with higher all-cause mortality (HR
and 95%CI: 1.50 (1.01–2.23)) only after adjusting for several relevant clinical and
transplant-related variables (Table 3C).

Figure 5 shows fully adjusted hazard ratios of all-cause mortality (A), cardiovascular
mortality (B), death-censored graft loss (C) and combined outcome (D) associated with
African American donor race in selected patient subgroups. The hazard ratios were above
unity in almost all examined subgroups in different outcome measures, indicating a higher
risk of poor outcomes in kidney transplantation using African American donor.

Figure S3–S5 and Table S1 shows the association the non-African American donor and
outcomes in the entire cohort and among non-African American recipients and African
American recipients. In all plots the survival curves were running parallel during the follow-
up time, representing similar risk of outcomes as clearly shown using Kaplan-Meier plot
(Figure S3). Table S1A shows the non-African American donor race was associated with
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24%, 32%, 17% and 18% lower all-cause mortality (HR and 95%CI: 0.76 (0.63–0.92)),
cardiovascular mortality (HR and 95%CI: 0.68 (0.47–0.98)), death-censored graft loss (HR
and 95%CI: 0.83 (0.69–1.00)) and combined outcome (HR and 95%CI: 0.82 (0.71–95)),
respectively over the 6-year observation period after adjusting for several relevant clinical
and transplant-related variables. The risk of delayed graft function did not show association
with non-African American donor race.

Table 4 shows the calculated HR and OR of post-transplant outcomes across different
donor-recipient races. Comparing to non-African American recipients and donors sub-group,
the African American recipients and donors sub-group reported 49%, more than two times
and 38% higher risk of all-cause (HR and 95%CI: 1.49 (1.10–2.03)), cardiovascular death
(HR and 95%CI: 2.30 (1.37–3.87)) and delayed graft function (OR and 95%CI: 1.38 (1.10–
1.74)), respectively (Table 4A–B and Table 4E). Comparing to non-African American
recipients and donors sub-group, all other sub-groups reported higher risk of death-censored
graft loss and combined outcome (Table 4C–D).

Similar results were found when we repeat our survival analyses in model adjusting for
case-mix and MICS and transplant data plus donor age, donor hypertension, donor cause of
death, donor BMI, donor diabetes, and donor after cardiac death in our sensitivity analyses
(not shown).

Discussion
In 13,692 kidney transplant recipients with comprehensive pre-transplant data during
hemodialysis treatment who were followed for up to 6 years post-transplantation, African
American donor race was associated with increased all-cause and cardiovascular mortality
and graft loss. African American donor race was not associated with higher risk of delayed
graft function.

A plausible explanation for the observed associations is an unfavorable genetic background
of African American donors. MYH9 and APOL1 account for a large proportion of the
excess risk of ESRD observed in African Americans compared to non-African
Americans.3–6 These genetic traits may result in specific types of kidney injury; upon
transplantation such injured kidneys would then carry over the risk imparted by the donor’s
genetic trait into the non-African American recipients who were unaffected by such risk
before kidney transplantation. A recent study by Reeves-Daniel et al. showed that kidneys
from African Americans deceased donors harboring two APOL1 risk variants failed more
rapidly after renal transplantation than those with zero or one risk variants.20 In non-African
American recipients the African American donor race was associated with increased graft
loss, but not with overall increased all-cause or cardiovascular mortality. The survival
curves did, however diverge after the first few years of follow-up (Figure 2A–B), which
could have been a downstream effect of the lower kidney function in those who received a
graft from an African-American donor. Unfortunately, we did not have information about
kidney function after transplantation to test this hypothesis.

Besides the higher risks associated with African American donor race in non-African
American recipients we did not detect a similar pattern in African American recipients, in
whom African American donor race was not associated with increased risk of graft failure.
The fact that organs received from non-African American donors (and hence devoid of the
deleterious effects of the MYH9 and APOL1 mutations) did not impart a favorable outcome
in African American recipients indicate that risk factors that are inherent of African
American race but unrelated to genetic mutations also play a significant role in determining
outcomes in this group. African American recipients suffer from more severe comorbidities
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and have worse insurance profile.21 Additionally, worse adherence was reported in African
American recipients compared to their non-African American counterparts.22 The sickle cell
trait is more common in African American patients resulting in more ischemic events and
worse outcomes.23 Furthermore, there may be a positive association between transforming
growth factor-β1 and several risk factors for CKD progression in African Americans but not
in white Americans. 24

Our results confirm and extend the results of previous studies. A recent study of 72,945
patients from OPTN/UNOS indicated that African American donor kidneys are associated
with lower graft survival when transplanted into white Americans or African Americans and
are only associated with lower patient survival when these kidneys are transplanted into
white American recipients.7 Our study does not agree with all these results. We did not find
increased graft loss in African American recipients and increased mortality risk in non-
African American recipients of kidneys from African American donors. Similarly to
Swanson et al. we found that kidneys from African American donors have higher risk of
graft loss compared with those from non-African American donors.9 Contradicting our
results, Locke et al. reported that among African American recipients of kidneys obtained
after cardiac death those who received kidneys from African American donors had better
long-term graft and patient survival than those who received kidneys from white American
donors. A potential explanation for the different results of our study is that unlike the
previous studies we included patient characteristics obtained during the pre-transplant
(dialysis) period. The working model for the new kidney allocation policy in the US utilizes
the Kidney Donor Profile Index (KDPI), which combines a variety of donor factors to create
a numerical risk factor of graft failure after kidney transplant. KDPI includes donor race/
ethnicity as a variable; hence our additional validation of donor race/ethnicity as a risk factor
is important as it may impact kidney allocation.

The proportion of usage of non-African American donor kidney was different between
dialysis vintage categories, while the proportion of usage of African American donor kidney
was balanced. More than 80% of recipients with short dialysis vintage (<6 months) who
received kidney from non-African American donor were non-African American. However,
only 54% of recipients with dialysis vintage more than 5 years who received kidney from
non-African American donor were non-African American and 29% of these recipients were
African American (Figure 1). One of the potential explanations is that African American
dialysis patients live longer than non-African American counterparts.25–27 Another potential
explanation is that the healthier non-African American dialysis patients more likely undergo
a kidney transplantation in short time than African American counterparts.28,29 In contrast to
this we did not find this disproportionality in recipients who received kidney from African
American donor. If our findings are verified in additional studies, further explanations are
needed.

Our study should be qualified for several potential limitations. We postulated that the
observed associations are related to genetic influences such as MYH9 and APOL1
mutations, but we did not have information on these mutations to prove our hypothesis. Nor
were we able to test for nontraditional antigentic incompatibilities, sociocultural factors or
environmental exposures. Like all observational studies, ours too cannot prove causality.
Laboratory variables and immunosuppressive and other medical regimens were not available
in the SRTR database, but in the full model we did adjust for a number of transplant-related
variables. The median of our follow-up time was 2 years, which to show the poorer graft
survival rate in transplantation from African American donor. Generalizability may be
limited, given the lower proportion of diabetics patients in our cohort compared to the US
CKD population. It is also important to mention that re-transplanted patients were not
included to our analyses. In addition, we defined the race according to the definitions set
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forth by the United States Census Bureau and the Federal Office of Management and
Budget, however this definition might be not adequate according to the findings of the
Human Genome project.30,31 Our results are not absolutely novel, but supportive of existing
data with more robust analyses. To our knowledge this was the first study which included
patient data from the pre-transplant period, which have a significant impact on post-
transplant outcomes.16,32 Strengths of this study include the high number of patients and
multi-level adjustment which include several important pre-transplant measures.

Conclusions
In our large and contemporary national database of 13,692 kidney transplant recipients,
African American donor race was associated with increased all-cause and cardiovascular
mortality and graft loss. African American donor race was not associated with higher risk of
delayed graft function. African American donor race was associated with increased graft
loss in non-African American recipients and associated with all-cause mortality in African
American recipients. Future studies will have to test specific interventions aimed at
abnormalities that are characteristic of allografts harvested from African American donors in
order to improve outcomes in recipients of these organs.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The association between donors’ and recipients’ mismatches and time on dialysis
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Figure 2.
The crude association between African-American donor race and all-cause mortality (A),
cardiovascular mortality (B), death-censored graft loss (C) and combined outcome (D)
according to Kaplan-Meier analysis among 13,692 kidney transplanted patients
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Figure 3.
The crude association between African-American donor race and all-cause mortality (A),
cardiovascular mortality (B), death-censored graft loss (C) and combined outcome (D)
according to Kaplan-Meier analysis among 6,056 White kidney transplanted recipients
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Figure 4.
The crude association between African-American donor race and all-cause mortality (A),
cardiovascular mortality (B), death-censored graft loss (C) and combined outcome (D)
according to Kaplan-Meier analysis among 3,052 African-American kidney transplanted
recipients
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Figure 5.
Multivariate analysis of fully adjusted (for case-mix, MICS and transplant covariates) Cox
regression models showing the African American donor and HR (and 95% CI as error bars)
of all-cause mortality (A) cardiovascular mortality (B), death-censored graft loss (C) and
combined outcome (D) in different sub-group of patients
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