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Abstract
BACKGROUND & AIMS—Donor race has been proposed to predict graft failure after liver
transplantation. We evaluated the extent to which the center where the transplantation surgery was
performed and other potential confounding factors might account for the observed association
between donor race and graft failure.

METHODS—We analyzed data from the Organ Procurement and Transplantation Network
(January 2003–December 2005) for adult patients undergoing primary liver transplantation in the
United States. We examined the association between graft failure and the donor races of African
American (AA), Caucasian, Asian/Pacific Islander (API), or those classified as other.

RESULTS—Of 10,874 livers that were donated for transplantation, 7631 came from Caucasians,
1579 from AAs, 243 from APIs, and 1421 from others. After 36 months of follow-up evaluation,
2687 grafts failed. Without any adjustments, AA donors (hazard ratio [HR], 1.11; 95% confidence
interval [CI], 1.00–1.24), API donors (HR, 1.41; 95% CI, 1.12–1.77), and other donors (HR, 1.16;
95% CI, 1.04–1.29) were associated with graft failure. After stratification by center and
adjustments for age, height, and hepatitis B core antibody status of donors as well as serum
creatinine and hepatitis C status of recipients, donor race was no longer statistically significant for
AA (HR, 1.06; 95% CI, 0.95–1.20) and API (HR, 1.15; 95% CI, 0.89–1.49) donors. However,
livers donated from members of other race still had an increased risk of graft failure (HR, 1.19;
95% CI, 1.05–1.35), although the effect was not uniform across donor–recipient pairs.

CONCLUSIONS—Donor race is not a uniform predictor of graft failure and should not be
construed as an indicator of donor quality.
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Donor race has been proposed as a predictor of graft failure after liver transplantation (LTx).
1,2 For example, according to a report from the Scientific Registry of Transplant Recipients
based on data from 1998 to 2002, receipt of an African American (AA) donor organ or a non
Caucasian non-AA donor organ was associated significantly with a 19% and 13% increase
in the risk of graft failure, respectively.1 Based on these data, a scoring system known as the
Donor Risk Index (DRI) has been proposed to include donor race as an indicator of the
quality of a donor organ. If donor race is truly predictive of graft failure, it may need to be
incorporated in organ allocation decisions.3

However, the biological plausibility of donor race uniformly being a contributor to poor
outcomes is questionable. Although it is possible that immunologic differences or other
genetically determined incompatibility between the donor and the recipient of discordant
races may lead to worse survival, evidence is lacking to support such a hypothesis.4,5
Further, it is common for racial disparity in health outcome to turn out to be attributable to
other socioeconomic factors for which race is merely a surrogate indicator.6,7 The real
danger of misusing race as an indicator of poor donor quality is that minority donors will be
thought of automatically as marginal donors and may be directed preferentially to marginal
recipients, creating a self-fulfilling prophecy that may be very difficult to disprove with
future analyses.

We hypothesized that a large part of the association between donor race and graft failure is
explained by differences in transplantation centers and other unadjusted confounders. We
also looked for evidence of an interaction between donor and recipient race as an indicator
of possible biological mismatch between racially discordant donor and recipient pairs. Our
present analysis of the Organ Procurement and Transplantation Network data under the
current allocation system based on the Model for End-Stage Liver Disease (MELD) score
shows that the association between donor race and graft failure is attenuated substantially by
taking into account a small number of previously unadjusted confounders.

Materials and Methods
Database

We used data from the Organ Procurement and Transplantation Network of all adult (age,
≥18 y) LTx recipients from January 1, 2003, to December 31, 2005. In the primary analysis,
we excluded status 1 recipients (n = 1143) and recipients diagnosed with hepatocellular
carcinoma (n = 1666) to create a uniform cohort of patients undergoing transplantation for
chronic liver disease. We then conducted a sensitivity analysis adding status 1 and HCC
patients back to address the whole LTx population. The primary variable of interest was
physician-reported donor race: Caucasian, AA, Asian Pacific Islander (API), or other.

Covariates
We considered covariates that may confound the association between donor race and graft
survival, including the following: (1) donor-related factors: age, sex, height, weight, cause of
death (anoxia, cerebrovascular accident, head trauma, or other), graft size mismatch
(difference in height between recipient and donor), hepatitis B core antibody status
(transplantation into a recipient without hepatitis B virus infection),8 and donation after
cardiac death; (2) transplant-related factors: partial/split liver transplantation, cold ischemia
time, regional or national share, and ABO incompatibility; and (3) recipient-related factors:
age, sex, MELD score and serum creatinine level at transplantation, diagnosis (hepatitis C
virus [HCV] infection vs other), and type of health insurance.
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Statistical Analysis
We compared baseline donor, transplant, and recipient characteristics by donor race
(Caucasian, AA, API, or other). We conducted between-group comparisons using the
Kruskal–Wallis test for continuous variables and the chi-square test for categoric data. The
primary outcome was graft failure, which was defined as patient death or re-transplantation
within 3 years. Patients who were alive with a functioning graft at 3 years after LTx were
censored.

First, we used the Kaplan–Meier method to estimate graft survival based on donor race.
Second, we examined the association between donor race and graft failure in univariate
analysis and then multivariable analyses after adjustment for donor-, recipient-, and
transplant-related characteristics as listed earlier using the Cox proportional hazards
regression analysis. The primary confounder of interest, namely LTx center, was handled by
stratifying the analysis for each center, which enables detection of differences in patient
populations and outcomes between transplant centers.9 Stratification allows assignment of a
baseline hazard unique to each center and compares the risk of graft failure of one donor
race compared with another within a center. Third, we examined the interaction between
donor and recipient race. For this analysis, we compared graft survival in separate strata of
donor and recipient pairs, using concordant donor and recipient race pairs as reference,
while stratifying for center. If a certain donor race truly is associated with graft failure, one
would expect a uniform increase in the risk of graft failure regardless of the recipient race.
Finally, we examined the impact of donor race in the context of variables included in the
DRI. This analysis also was undertaken with stratification by center.1

Results
Donor and Recipient Characteristics at Transplantation

There were 10874 transplants that met the inclusion criteria for the study. Information about
donor race was missing in 11 recipients, and these transplants were excluded from the
analyses. A majority of the donors were Caucasian (n = 7631; 70.2%), followed by AA (n =
1579; 14.5%), and API (n = 243; 2.2%). The remainder (n = 1421; 13.1%) were categorized
as other. Of those classified as other, 92% were indicated to be of Hispanic ethnicity.

Table 1 describes donor, recipient, and transplant characteristics by donor race. The mean
(±standard deviation) age of donors was 41.9 ± 17.7 years. API donors were oldest (mean
age, 45.2 ± 17.6 y), whereas donors of other race were the youngest (mean age, 37.4 ± 16.9
y). In total, a slight majority of the donors were male (58%). The proportion of female
donors was the highest among API donors (49%) and lowest in other donors (33%). Death
from cerebrovascular accident was most common among API donors (59%), followed by
AA donors (54%). Anti– hepatitis B core (anti-HBc) positivity was by far the most common
in API donors (29%). Anti–HBc-positive organs (n = 580) were transplanted primarily into
non–hepatitis B recipients (91%). Overall, API donors were shortest in stature. Mismatch in
height between recipient and donor was the greatest with API donors (5.7 ± 13.7 cm),
followed by other (2.8 ± 13.3 cm).

Although statistical significance was achieved because of the large number of recipients,
there were few noticeable differences in recipient and transplant characteristics according to
the donor race. The mean MELD score of recipients of donors of other race (22.3 ± 9.5) was
higher as compared with those of Caucasian (20.6 ± 8.6), AA (20.2 ± 8.5), and API (20.3 ±
9.3) donors. As expected from the frequency of anti-HBc positivity, the proportion of
hepatitis B–related liver disease was higher among recipients of Asian donors (8.6%,
compared with 3.1%, 4.2%, and 3.7% for Caucasian, AA, and other donors, respectively).
Donation after cardiac death was more common among Caucasian donors (4.5%), whereas
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partial/split transplantation was most common and national share least common among other
donors.

Transplant Outcome by Donor Race and Center Effect
After transplantation, the median follow-up period was 35 months. Figure 1 shows the
Kaplan–Meier estimates for graft survival by donor race without any adjustment. There were
a total of 2687 graft failures including 2253 patient deaths after 3 years of follow-up
evaluation. The 3-year graft survival rate was 74%, 72%, 70%, and 65% for Caucasians,
AA, other, and API donors, respectively (P < .01).

Table 2 illustrates the effect of transplant center on graft survival. Without stratification on
center, AA donor race was associated with an 11% increased risk (hazard ratio [HR], 1.11;
95% confidence interval [CI], 1.00–1.24) of graft failure. Risk of failure for API and other
grafts also was higher than Caucasian counterparts with an HR of 1.41 (95% CI, 1.12–1.77)
for API and 1.16 (95% CI, 1.04–1.29) for other. Once the analysis was stratified on center,
the HR associated with AA donor decreased to 5% and was no longer significant (HR, 1.05;
95% CI, 0.94–1.17). The effect of API decreased but remained significant with an HR of
1.35 (95% CI, 1.07–1.71), whereas that of other race remained unchanged with an HR of
1.18 (95% CI, 1.05–1.33).

Consideration of Other Covariates
Table 3 reports the results of univariate analyses of donor-, recipient-, and transplant-related
factors as predictors of graft failure after stratification on center. The analysis presented in
Table 4 incorporates potentially important predictors of graft failure observed in the
univariate analyses in addition to stratification by center. These covariates include recipient
factors (age, serum creatinine level, HCV diagnosis) and donor factors other than race (age,
donor height, and transplantation of anti–HBc-positive organs into hepatitis B–negative
recipient). After adjusting for these factors, AA donor was associated with a nonsignificant
6% increased risk of graft failure (HR, 1.06; 95% CI, 0.95–1.20). The effect of API donor
decreased to a nonsignificant 15% increase of graft failure (HR, 1.15; 95% CI, 0.89–1.49).
The effect of other race remained unchanged and significant (HR, 1.19; 95% CI, 1.05–1.35).
Addition of donor weight, ABO incompatibility, difference in height between donor and
recipient, recipient MELD score at transplantation, recipient race, and type of insurance did
not alter the observed associations in multivariable analysis. We also examined graft failure
after inclusion of all status 1 recipients and recipients transplanted for hepatocellular
carcinoma. After adjusting for the factors mentioned earlier, AA donor was associated with
a nonsignificant 5% increased risk of graft failure (HR, 1.05; 95% CI, 0.95–1.17), API
donor was associated with a nonsignificant 6% increased risk of graft failure (HR, 1.06;
95% CI, 0.84–1.33), and other race was associated with a significant 17% increased risk of
graft failure (HR, 1.17; 95% CI, 1.05–1.31).

Interaction Between Donor and Recipient Race
Table 5 considers the interaction between donor and recipient race. The first row of Table 5
compares the hazard of graft failure in recipients of AA donors. In comparison with AA
donor organs transplanted into AA recipients, there was a significant decrease in the risk of
graft failure when an AA donor organ was transplanted to an other race recipient (HR, 0.62;
95% CI, 0.40–0.99), and a nonsignificant decrease when transplanted into a Caucasian
recipient (HR, 0.93; 95% CI, 0.69–1.24) or API recipient (HR, 0.85; 95% CI, 0.44–1.66).
API organs transplanted to non-API recipients were associated with a large increase in the
risk of graft failure, although the effect was statistically significant only for AA recipients.
However, only 16 API organs were transplanted into AA recipients. With regard to donors
of other race, the increased risk of graft failure in multivariable analysis (Table 4) was not
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uniform. As shown in Table 5, transplantation of an other donor organ into an AA recipient
(HR, 1.42; 95% CI, 0.94–2.14) was associated with an increased risk of graft failure whereas
no association was observed when transplanted into an API recipient (HR, 0.94; 95% CI,
0.54–1.65) or Caucasian recipient (HR, 0.92; 95% CI, 0.7–1.22).

Examination of the DRI
A second multivariable analysis was performed to include the variables in the DRI, stratified
on center (Table 6). Similar to results of the first multivariable analysis, the effect of AA
donor was small and nonsignificant (HR, 1.04; 95% CI, 0.92–1.17). The effect of API was
larger, but still not significant (HR, 1.18; 95% CI, 0.90–1.55), whereas that of other race was
the largest and remained significant (HR, 1.22; 95% CI, 1.07–1.39; P < .01). The results
were unchanged when only 3 race categories (Caucasian, AA, or other) were used. In
addition to donor race, other donor factors such as age and height, donation after cardiac
death, and cerebrovascular accident as a cause of death were confirmed to be important
predictors of graft failure. On the other hand, anoxia or other cause of death and national/
regional share had a small and nonsignificant effect. The effect of a partial/split donor was
relatively large, yet statistically insignificant. The concordance statistics of the full DRI
model (with race included) was 0.588 (95% CI, 0.576–0.600), whereas elimination of race
from the model did not change the concordance (0.586; 95% CI, 0.574–0.598).

Discussion
Over the past 2 decades, the outcome of LTx has improved steadily. More recently,
however, the shortage of available organs has necessitated increasing the use of marginal
donors. In that context, identification of donor-related factors that portend a poor outcome
after LTx and analyses to guide the use of organs according to donor characteristics has
become increasingly important. The race of the donor has been identified as a predictor of
graft failure, in other words, an indicator of donor quality. If there is a biological basis to
this characterization, it has important consequences in organ allocation policy and patient
management.

However, there are several reasons why donor race should not be construed as an indicator
of donor quality. First, it is likely that various factors confound the observed association
between donor race and graft failure. As discussed later, the results of this analysis suggest
that at least part of the association between donor race and graft survival could be explained
by considering a few simple covariates. Second, even if there is truly a biological basis, it is
unlikely that the risk of graft failure is uniform across all donor–recipient race pairs.10,11

Third, the DRI that proposes an association between non-Caucasian donor race and graft
failure has not been validated based on an independent data set. Similarly, the DRI is based
on an analysis of data before implementation of the current allocation system based on the
MELD score. To the extent that the new allocation system represented a fundamental
change in the practice of LTx, the DRI needed to be examined with a modern data set.1

Our analysis clearly showed that stratification by transplant center led to diminution of the
association between donor race and graft failure, especially AA donors. Transplantation
outcomes have been associated with center volume, provider volume, and “center
quality.”12-14 Transplant centers vary in the number of annual number of transplants,
surgeon experience, and center performance, all factors associated with graft failure.12-15

Furthermore, high-volume centers (>100 transplantations/y) tend to have shorter waiting
times, which allows transplantations for patients with a lower MELD score as compared
with medium- or low-volume centers, possibly contributing to differential outcomes.9 Given
that there is regional variability in organ procurement for LTx as well as regional variation
in population demographics, it is possible that non-Caucasian donors, specifically AA
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donors, may be overrepresented in centers/regions with poor outcomes, which could lead to
an erroneous conclusion that donor race is associated with poor outcomes.16

The risk of graft failure associated with API donors decreased from 41% to 15% after
adjusting for center and other confounders including HBc status and donor height. The
deleterious effects of donor organs too small for the recipient body size as well as
transplantation of HBc–positive organs into hepatitis B–naive recipients are well recognized.
8 The fact that these organs were used despite the knowledge of these factors may indicate
that the recipients were desperate enough to receive these organs, the details of which may
not be captured by the information available in the Organ Procurement and Transplantation
Network data. Thus, the residual effect of API organs still may not be attributable to the
donor, per se.

The effect of the other donor race was not explained easily. One still could hypothesize a
contribution of unmeasured confounders in the recipient. For example, Table 1 shows that
recipients of other donor organs were significantly more likely to have a high MELD score
and to receive a partial/split organ than other recipients, raising the possibility that there may
have been a systematic difference in that recipient group that is not apparent in the variables
represented in the database. Further, Table 5 shows that the effect of other race was not
uniform and limited to AA recipients, extending the possibility that recipient factors may
explain the observation. Another hypothesis may be put forth based on epidemiologic data
that individuals of Hispanic ethnicity in the United States have a higher prevalence of
obesity and nonalcoholic fatty liver disease. Thus, macrovesicular steatosis in the donor
organ, which has been associated with decreased graft survival, may be more common in
these donors.17,18 The Organ Procurement and Transplantation Network data are limited in
that biopsy information is available in only 30% of all donors and less than half of those
records (45.2%) have data on macrovesicular steatosis. In this highly selected group, a larger
percentage of other donors had macrovesicular steatosis (8.4% ± 13.5%) vs API (4.1% ±
8.2%), AA (6.5% ± 9.6%), and Caucasian (7.4% ± 10%) donors; however, this result was
not statistically significant (P = .65).

Although some of these important questions remain to be answered, our data largely refute
suggestions that donor race be considered as an indicator of donor quality. Although we
were unable to completely explain the association of donor race with graft failure,
substantial parts were attributable to more direct factors. As discussed earlier, some of the
residual effects may reflect nonracial donor or recipient characteristics that are not identified
in the database. Finally, the concordance statistics of the DRI model with and without donor
race leave little justification to keep the variable in the model.

We conclude, based on analyses conducted in a representative data set from a recent era, that
donor race (eg, AA and API) largely may be a surrogate of other more direct biological or
socioeconomic factors of the donor and recipient that affect the graft outcome. Some of the
effects of the donor race/ethnicity (eg, Hispanic ethnicity) could not be explained easily with
the current analysis and further focused research is indicated. In our opinion, this analysis
provides sufficient grounds to recommend against using donor race in the organ allocation
process.
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Abbreviations used in this paper

AA African American

API Asian or Pacific Islander

CI confidence interval

DRI Donor Risk Index

HR hazard ratio

LTx liver transplantation

MELD Model for End-Stage Liver Disease
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Figure 1.
Probability of graft survival by donor race (unadjusted).
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Table 2

Association of Donor Race and Graft Failure Before and After Stratification by Transplant Center Using Cox
Proportional Hazards Regression

No stratification
Stratification by
transplant center

HR 95% CI HR 95% CI

Donor race

 AA 1.11 1.00–1.24 1.05 0.94–1.17

 API 1.41 1.12–1.77 1.35 1.07–1.71

 Other 1.16 1.04–1.29 1.18 1.05–1.33

 Caucasian 1.0 Reference 1.0 Reference
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Table 3

Univariate Analyses of Predictors of Graft Survival After Stratification by Center

HR (95% CI) P

Donor

 Age, decade 1.13 (1.10–1.15) <.01

 Female 1.12 (1.04–1.22) <.01

 Height, 10 cm 0.91 (0.88–0.94) <.01

 Weight, 5 kg 0.99 (0.98–1.00) .06

Cause of death (reference, head trauma)

 Anoxia 1.18 (1.04–1.34) .01

 Cerebrovascular accident 1.39 (1.28–1.52) <.01

 Other 1.06 (0.83–1.36) .64

 Height difference (recipient–donor) 1.05 (1.02–1.08) <.01

 HBcAb (+) donor/HBV (−) recipient 1.17 (1.00–1.38) .05

Recipient

 Age, decade 1.09 (1.05–1.14) <.01

 Female 1.02 (0.93–1.10) .70

 MELD at transplantation, 5 points 1.06 (1.03–1.08) <.01

 Indication for transplantation, HCV 1.26 (1.17–1.36) <.01

 Ln creatinine 1.25 (1.16–1.34) <.01

Insurance (reference, private)

 Medicaid 1.10 (0.98–1.23) .11

 Public 1.23 (1.12–1.35) <.01

 Other 0.88 (0.56–1.39) .59

Transplant

 Donation after cardiac death 1.51 (1.27–1.80) <.01

 Partial/split liver 1.06 (0.80–1.42) .67

 Cold ischemia time 1.01 (1.00–1.02) .09

 Regional share 1.15 (1.04–1.28) <.01

 National share 1.11 (0.94–1.31) .21

 ABO incompatibility 1.44 (0.81–2.56) .22

HBcAb, hepatitis B core antibody positive; HBV, hepatitis B virus; Ln, natural log.
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Table 4

Multivariable Analysis of the Association of Donor Race and Graft Failure After Stratifying on Transplant
Center and Adjusting for Donor-, Recipient-, and Transplant-Related Characteristics

HR (95% CI) P

Donor

 Race (reference, Caucasian)

 AA 1.06 (0.95–1.20) .29

 API 1.15 (0.89–1.49) .30

 Other 1.19 (1.05–1.35) <.01

 Age, decade 1.12 (1.09–1.15) <.01

 Height, 10 cm 0.91 (0.88–0.95) <.01

 HBcAb (+) donor/HBV (−) recipient 1.06 (0.89–1.27) .51

Recipient

 Age, decade 1.08 (1.03–1.13) <.01

 Ln creatinine 1.26 (1.17–1.36) <.01

 Diagnosis, HCV 1.28 (1.18–1.39) <.01

HBcAb, hepatitis B core antibody positive; HBV, hepatitis B virus; Ln, natural log.
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Table 5

The Association Between Donor Race and Graft Failure in Separate Donor–Recipient Pairs After
Stratification by Center

Recipient race

AA API Other Caucasian

Donor race

 AA (N = 1579) N = 208 (13%) N = 50 (3%) N = 187 (12%) N = 1134 (72%)

1.0 (reference) 0.85 (0.44–1.66) 0.62 (0.40–0.99) 0.93 (0.69–1.24)

 API (N = 243) N = 16 (6%) N = 36 (15%) N = 48 (20%) N = 143 (59%)

5.14 (1.28–20.67) 1.0 (reference) 1.95 (0.64–5.98) 2.41 (0.85–6.79)

 Other (N = 1421) N = 103 (7%) N = 63 (4%) N = 300 (21%) N = 955 (67%)

1.42 (0.94–2.14) 0.94 (0.54–1.65) 1.0 (reference) 0.92 (0.70–1.22)

 Caucasian (N = 7631) N = 543 (7%) N = 237 (3%) N = 832 (11%) N = 6019 (79%)

1.21 (1.02–1.43) 0.97 (0.73–1.30) 0.87 (0.73–1.03) 1.0 (reference)

NOTE. Transplantation of an organ between the same donor and recipient race serves as the reference. The HR of graft survival and the associated
95% CI are presented.
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Table 6

Association of Donor Race and Graft Failure After Inclusion of DRI Variables and Stratifying on Transplant
Center

HR (95% CI) P

Donor race (reference, Caucasian)

 AA 1.04 (0.92–1.17) .53

 APIa 1.18 (0.90–1.55) .22

 Other 1.22 (1.07–1.39) <.01

Donor age (reference, age <40 y)

 40–50 y 1.17 (1.04–1.33) .01

 50–60 y 1.33 (1.17–1.51) <.01

 60–70 y 1.58 (1.37–1.83) <.01

 >70 y 1.82 (1.53–2.17) <.01

Cause of death (reference, head trauma)

 Anoxia 1.04 (0.90–1.21) .57

 Cerebrovascular accident 1.12 (1.00–1.26) .04

 Other 0.92 (0.70–1.22) .58

Donor height adjustedb 1.07 (1.03–1.11) <.01

Donation after cardiac death 1.73 (1.42–2.09) <.01

Partial/split liver 1.30 (0.94–1.82) .12

National share 0.96 (0.80–1.16) .68

Regional share 1.03 (0.92–1.16) .60

Cold ischemia time, h 1.01 (1.00–1.02) .09

a
In DRI, other race included API donor.

b
Adjusted height: (170 – height)/10.
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