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Background. Evidence exists for race-linked discrepan-
ies in survival after orthotopic heart transplantation
OHT). The United Network for Organ Sharing database
rovides an opportunity to examine the effect of race on
utcomes in a large cohort of adult OHT patients.
Methods. We retrospectively reviewed the United Net-
ork for Organ Sharing data for 20,185 adult patients

eceiving primary OHT (1997 through 2007). Patients were
ivided into groups of specific race and also stratified by
onor and recipient race-matching. The impact of race on
ortality was examined using multivariable Cox propor-

ional hazard regression analysis incorporating 23 variables
nd interaction terms between donor and recipient race.
ortality (30 days, 90 days, 1 year, 2 years, and 5 years) and

ejection in the first year were examined. Cumulative post-
HT survival was modeled using the Kaplan-Meier
ethod.
Results. Of 20,185 patients, 12,381 (61%) were race

atched (75% of whites, n � 11,456; 17% of African
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ardiac Surgery, The Johns Hopkins Hospital, Blalock 618, 600 N Wolfe
t, Baltimore, MD 21287; e-mail: ashah29@jhmi.edu.
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mericans, n � 514; 30% of Hispanics, n � 391; 5% of
sians, n � 19). Five thousand six hundred fourteen
atients (28%) died during the study. African American
ecipients have an 11.4% absolute decrease in 10-year
urvival compared with whites. After risk adjustment,
frican American recipients have a 46% increase in the

isk of cumulative mortality (hazard ratio, 1.46; 95%
onfidence interval, 1.24 to 1.72; p < 0.001). Decreased
urvival in African American recipients was not im-
roved with race-matched OHT, nor was there a survival
dvantage with race-matching in any racial subgroup.
ecreased survival in African American recipients per-

isted after censoring deaths in the first year.
Conclusions. Our study represents the largest modern

ohort evaluating race in adult OHT. African American
ecipients have significantly worse survival after OHT.
ace-matching did not confer improved survival.

(Ann Thorac Surg 2010;89:1956–64)

© 2010 by The Society of Thoracic Surgeons
ace is an admittedly imperfect and somewhat ill-
defined criterion used to group people, encompass-

ng social, economic, and biologic differences. Neverthe-
ess, evidence exists of race-linked differences in the
ncidence, pathophysiology, and treatment of many car-
iovascular diseases. Research has focused on race-

inked biologic differences as well as socioeconomic fac-
ors impacting access to care [1–3].

Transplantation provides a unique opportunity to
tudy biologic differences associated with race, given the
ntroduction of donor antigens into the recipient. The
ffect of donor and recipient race on outcomes has been
tudied in abdominal and thoracic solid-organ transplan-
ation [4–9]. Although results vary, many studies indicate
ecreased survival in patients with race-mismatched

ransplants or recipients of specific races.

ccepted for publication Feb 26, 2010.

resented at the Fifty-sixth Annual Meeting of the Southern Thoracic
urgical Association, Marco Island, FL, Nov 4–7, 2009.

ddress correspondence to Dr Shah, Department of Surgery, Division of
Although the impact of donor and recipient race has
een explored in pediatric orthotopic heart transplanta-

ion (OHT) [10–12], only single-center studies have ex-
mined race in adults [6–8, 13]. These studies disagree on
hether recipient race or race matching is the more

mportant factor impacting outcomes. This study evalu-
tes the impact of donor and recipient race on mortality
fter OHT using data from the multiinstitutional pro-
pectively collected United Network for Organ Sharing
UNOS) open transplantation cohort. We hypothesize
hat donor–recipient race matching does not have a
ignificant impact on outcomes and that the mechanisms
nderlying race-linked outcome differences are likely to
e complex.

aterial and Methods

ata Source
e used Standard Transplant Analysis and Research

les with follow-up data provided by UNOS. Patient
dentifiers were excluded. Our institutional review board

etermined formal review was unnecessary. The dataset

0003-4975/$36.00
doi:10.1016/j.athoracsur.2010.02.093
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omprises a prospective open cohort of US OHT patients
rom 1987 to 2007 with follow-up through May 2008.

tudy Design
e retrospectively examined adults (�17 years) receiv-

ng primary OHT from 1997 to 2007. The cohort was
ivided by recipient race and, further, by donor–recipient
ace matching. Patients were combined to form overall
ace-matched and race-unmatched groups. Specific race
roups (white, African American [AA], and Hispanic)
ere examined; Asian, Pacific Islander, American Indian,

nd multiracial were combined (“other”) owing to small
ample size.

ariables Examined and Outcome Measures
he dataset contains more than 400 preoperative, intraop-
rative, and postoperative variables. Variables examined
ncluded primary diagnosis, demographics (age, sex, race,
ducation, and insurance), pre-OHT mechanical ventilation
r intensive care unit admission, comorbidities (diabetes
ellitus, percent ideal body weight [% IBW], creatinine

evels, and hypertension), and transplant variables (isch-
mic time, human leukocyte antigen [HLA] mismatch,
ransplant year, and wait-list time). Additionally, indicators
f pre-OHT acuity (inotropic drug and intraaortic balloon
ump use) and hemodynamic measurements (mean pul-
onary arterial pressure, pulmonary vascular resistance,

nd cardiac index) were examined. Donor variables, includ-
ng age, race, sex, cytomegalovirus status, diabetes, and
igarette use, were examined.

The primary end point was all-cause cumulative mor-
ality. Rejection episodes in the first year and 30-day,
0-day, 1-year, 2-year, and 5-year mortality rates were
lso examined.

tatistical Analysis
aseline characteristics among races were examined using
ne-way analysis of variance (continuous variables) and the
2 test (categorical variables). For significant associations,
ost hoc pairwise comparisons were performed using the
ukey-Kramer method (continuous variables) or univariate

ogistic regression (categorical variables).
Cumulative survival was estimated using the Kaplan-
eier method, focused on time intervals with adequate

ollow-up. Censoring occurred for the primary end point
mortality), losses to follow-up, and those reaching the
nd of follow-up.
Multivariable analysis was performed using logistic

nd Cox proportional hazards regressions to examine
he impact of race on rejection and mortality, respec-
ively. To determine the interaction between donor
nd recipient race, specific terms testing effect modifi-
ation between each donor and recipient race pair
ere incorporated. Variables were chosen based on
iologic plausibility, postulated associations, and sig-
ificance on univariate exploratory analysis (p � 0.2).
ovariates were incorporated in a forward and back-
ard stepwise fashion using the likelihood ratio test

or significance. The final model incorporated recipient

ovariates: race, age older than 60 years, recipient– i
onor sex-mismatch, college education, insurance,
ransplant year, % IBW, creatinine, diabetes history,
ypertension, pre-OHT cardiac index, pre-OHT ino-

ropic drug use, pre-OHT intraaortic balloon pump use,
re-OHT mechanical ventilation, idiopathic cardiomyopa-

hy diagnosis, ischemic cardiomyopathy diagnosis, and
re-OHT hospitalization; donor covariates: race, age, isch-
mic time, diabetes history, cytomegalovirus mismatch, and
LA mismatch (0 or 1 antigen matches); and donor–

ecipient race interaction terms.
For all analyses, a probability value of less than 0.05

two-tailed) was significant. Means are presented with
tandard deviations; hazard ratios and odds ratios (OR)
re presented with 95% confidence intervals (CI). Statis-
ics were performed using STATA software (v9.2SE,
tataCorp LP, College Station, TX).

esults

ohort Statistics
rom 1997 to 2007, 23,996 OHT patients were followed by
NOS. After exclusion of previous transplants (n � 839),

hildren (n � 2,933), and patients with inadequate data
n � 39), the final study population was 20,185. The mean
ge of the cohort was 52 � 12 years with 23.6% women
n � 4,768).

Recipient race distribution was 76.2% white (n �
5,373), 14.6% AA (n � 2,940), 6.4% Hispanic (n � 1,289),
.0% Asian (n � 394), 0.3% American Indian or Alaskan
ative (n � 69), 0.2% Hawaiian or Pacific Islander (n �

3), and 0.4% multiracial (n � 77). Donor race distribution
as 72.0% white (n � 14,524), 12.1% AA (n � 2,441), 13.5%
ispanic (n � 2,720), 1.3% Asian (n � 265), 0.4% Ameri-

an Indian or Alaskan Native (n � 89), 0.2% Hawaiian or
acific Islander (n � 37), and 0.5% multiracial (n � 109;
ig 1). Five thousand six hundred fourteen patients died
uring the study (7.0 deaths/100 person-years). Mean

ollow-up was 47 � 38 months.

ig 1. Orthotopic heart transplantations performed by year (1997
hrough 2007), stratified by donor and recipient race (white versus
onwhite). Line shows number of race-matched orthotopic heart

ransplantation performed yearly (United Network for Organ Shar-

ng data, May 2008).
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Overall, 12,381 (61%) recipients received race-matched
earts. Stratified by recipient race, 11,456 (74.5%) whites,
14 (17.5%) AAs, 391 (30.3%) Hispanics, 19 (4.8%) Asians,

(1.4%) American Indian or Alaskan Native, and no
acific Islanders or Hawaiians received race-matched
rgans. The annual percentage of race-matched trans-
lants varied from 53% to 68%, with a downward trend
ith time. Throughout the study period, the number of

dult OHTs stayed constant, ranging from 1,671 to 2,001
HT per year (Fig 1).

aseline Characteristics
here were significant differences among recipients of
ifferent races (Table 1). Nonwhite recipients were
ounger, more likely to be female, and less likely to be
ace or sex matched to their donors when compared with
hite recipients. Whites were more likely to have private

nsurance or self-pay, whereas nonwhites had a higher
ercentage of Medicaid and “other” insurance. However,

he majority of all patients were self-paid or possessed
rivate insurance. Hispanic, AA, and other race recipi-
nts were less likely to have a college education.
Significant differences in transplant diagnosis, comor-

idities, and pre-OHT support were found among recip-
ents of different races (Table 1). Ischemic cardiomyopa-
hy was more common in white recipients, whereas
diopathic cardiomyopathy was more common in non-
hites. Hispanic recipients were more likely to have diabe-

es, whereas AAs more frequently had hypertension. Sta-
istically significant differences existed in variables such as
ardiac index, creatinine, % IBW, pulmonary arterial pres-
ure, and pulmonary vascular resistance. Whites were less
ikely to be supported by inotropic drugs and hospital-
zed, but had longer wait-list times compared with AAs
nd Hispanics. However, absolute differences in these
arkers of clinical acuity and hemodynamic variables
ere small and unlikely to be clinically significant.
Donors in the white group were slightly older and more

ikely to use cigarettes. Nonwhites had a higher proportion
f recipients who were cytomegalovirus mismatched and
LA mismatched (0 or 1 antigen matches) to their donors.
s the majority of OHT donors and recipients were white

�70%), whites were more likely to be race matched to their
onors, whereas AA, Hispanic, and other race recipients
ere more likely to be race mismatched.

urvival
xamining survival by recipient race demonstrated AA
ecipients had worse 10-year survival compared with
ther recipients (Fig 2). African American recipient 10-
ear survival was 45.8%, 11.4% lower than whites and
0.8% lower than Hispanics. When deaths in the year
fter OHT were censored, the lower survival for AA
ecipients persisted (Fig 3). There was no significant
ifference when stratifying survival by donor race (Fig 4).
Patients receiving race-matched hearts appeared to

ave 4.4% higher cumulative 10-year survival than those
eceiving unmatched hearts (Fig 5). However, when ex-
mining survival within each race, no individual race

emonstrated improvement in survival with race match- i
ng (Table 2). This suggests that the increased survival in
he race-matched groups is likely owing to the skewed
tratification of race matching, with the unmatched
roup having a significantly higher proportion of AA
ecipients. Significantly poorer survival of AA recipients
n the unmatched group leads to the spurious conclusion
hat race matching has a beneficial effect.

nivariate Analysis
ithout risk adjustment, recipient AA race appeared to

ave a significant impact on the hazard of death (Table 3).
onor race did not affect the risk of death. Other markers
f recipient acuity, socioeconomics, education, transplant
iagnoses, and donor factors that impacted the hazard of
eath were incorporated into the multivariable models.

ultivariable Analyses
fter risk adjustment, AA recipient race continued to in-

rease the risk of death (Table 3). African American recip-
ents had a 46% increase in risk-adjusted cumulative mor-
ality compared with white recipients (hazard ratio, 1.46;
5% CI, 1.24 to 1.72; p � 0.001). Donor race did not impact
ortality risk. Interaction terms examining the modification

ffect of specific combinations of donor and recipient races
id not demonstrate any reduction in the risk of death with
ace-matched transplants. Of note, the risk-adjusted model
emonstrated an increased risk of death for Hispanic recip-

ents (hazard ratio, 1.42; 95% CI, 1.13 to 1.77; p � 0.002). The
nly significant interaction term was that between Hispanic
ecipients and AA donors, which appeared to decrease the
isk of death (hazard ratio, 0.34; 95% CI, 0.12 to 0.93; p �
.04). Additional covariates significantly affecting mortality
n multivariable analysis included % IBW, age older than
0 years, Medicaid insurance, Medicare insurance (p �
.056), recipient diabetes, recipient hypertension, pre-OHT
notropic drugs, pre-OHT mechanical ventilation, pre-OHT
ospitalization, donor age, sex-mismatch, and ischemic time.
When the multivariable model was applied using lo-

istic regression for covariates impacting the odds of a
ejection episode in the year after OHT, donor race,
ecipient race, and all interaction terms were not signif-
cant. However, HLA mismatch (OR, 1.24; 95% CI, 1.10 to
.41; p � 0.001) and Medicaid (OR, 1.30; 95% CI, 1.05 to
.62; p � 0.02) or “other” insurance (OR, 1.51; 95% CI, 1.15
o 1.98; p � 0.003) increased the odds of rejection. A
ollege education (OR, 0.88; 95% CI, 0.78 to 0.997; p � 0.04)
ecreased the odds of rejection. Other covariates impact-

ng rejection were recipient age older than 60 years,
reatinine, % IBW, and transplant year.

omment

n this study, we present multiinstitutional UNOS data
rom 11 years of US OHT to examine race-related out-
omes. African American recipient race was associated
ith an absolute reduction in 10-year survival of 11.4%

ompared with whites. This difference was not explained
y deaths in the year after OHT, and became more
ronounced with time. After risk adjustment, AA recip-
ent race increased the risk of cumulative mortality by
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able 1. Baseline Characteristics Stratified by Recipient Race

ll Patients (N � 20,185) White (N � 15,373)
African American

(N � 2,940)
Hispanic

(N � 1,289) Other (N � 583)a p Valueb

ecipient demographics
Age (y) 53.4 � 11.2 46.9 � 12.7c 49.0 � 13.0c 48.3 � 13.0c �0.001
Age � 60 y 5,132/15,373 (33.4%) 479/2,940 (16.3%)c 277/1,289 (21.5%)c 114/583 (19.6%)c �0.001
Male 12,122/15,373 (78.9%) 1911/2,940 (65.0%)c 951/1,289 (73.8%)c 433/583 (74.3%)c �0.001
Sex matched 11,070/15,373 (72.0%) 1987/2,940 (67.6%)c 871/1,289 (67.6%)c 373/583 (64.0%)c �0.001
Race matched 11,456/15,373 (74.5%) 514/2,940 (17.5%)c 391/1,289 (30.3%)c — �0.001

ecipient insurance
Private insurance/self-pay 9,986/15,373 (65.0%) 1,460/2,940 (49.7%)c 571/1,289 (44.3%)c 358/583 (61.4%) �0.001
Medicare 3,533/15,373 (23.0%) 716/2,940 (24.4%) 306/1,289 (23.7%) 96/583 (16.5%)c 0.001
Medicaid 1,142/15,373 (7.4%) 604/2,940 (20.5%)c 287/1,289 (22.3%)c 78/583 (13.4%)c �0.001
Other 630/15,373 (4.1%) 145/2,940 (4.9%)c 121/1,289 (9.4%)c 48/583 (8.2%)c �0.001

ecipient education level
College or graduate 5,804/11,345 (51.2%) 901/2,221 (40.6%)c 304/912 (33.3%)c 254/397 (64.0%)c �0.001
Precollege 5,541/11,345 (48.8%) 1,320/2,221 (59.4%)c 608/912 (66.7%)c 143/397 (36.0%)c �0.001

rimary diagnosis
Ischemic cardiomyopathy 8,247/15,373 (53.7%) 683/2,940 (23.2%)c 501/1,289 (38.9%)c 229/583 (39.3%)c �0.001
Idiopathic cardiomyopathy 4,480/15,373 (29.1%) 1,637/2,940 (55.7%)c 519/1,289 (40.3%)c 227/583 (38.9%)c �0.001
Hypertrophic cardiomyopathy 267/15,373 (1.7%) 21/2,940 (0.7%)c 20/1,289 (1.6%) 14/583 (2.4%) �0.001
Congenital heart disease 395/15,373 (2.6%) 36/2,940 (1.2%)c 32/1,289 (2.5%) 15/583 (2.6%) �0.001

ecipient hemodynamics and
comorbidities

Diabetes 3,153/15,028 (21.0%) 600/2,873 (20.9%) 322/1,256 (25.6%)c 124/563 (22.0%) 0.001
Hypertension 5,364/13,919 (38.5%) 1,146/2,570 (44.6%)c 411/1,120 (36.7%) 178/508 (35.0%) �0.001
Creatinine (mg/dL) 1.4 � 1.0 1.5 � 1.1c 1.3 � 1.0 1.3 � 0.8 �0.001
% IBW 126.2 � 22 126.6 � 27 125.3 � 23 117.4 � 23c �0.001
Pre-OHT cardiac index (L/min) 2.4 � 0.8 2.2 � 0.8c 2.3 � 0.8 2.4 � 0.8 �0.001
Pre-OHT mean PAP (mm Hg) 28.6 � 10.3 31.0 � 10.2c 29.8 � 11.1c 29.2 � 10.5 �0.001
Pre-OHT PVR (dyne · s/cm5) 2.3 � 1.9 2.8 � 2.1c 2.7 � 2.2c 2.7 � 2.0c �0.001
Pre-OHT inotropic drugs 7,255/15,373 (47.2%) 1,535/2,940 (52.2%)c 654/1,289 (50.7%)c 288/583 (49.4%) �0.001
Pre-OHT IABP 820/15,373 (5.3%) 141/2,940 (4.8%) 66/1,289 (5.1%) 38/583 (6.5%) 0.3
Pre-OHT ventilation 425/15,373 (2.8%) 56/2,940 (1.9%)c 46/1,289 (3.6%) 17/583 (2.9%) 0.01
Pre-OHT ICU care 5,499/15,359 (35.8%) 1,091/2,936 (37.2%) 473/1,287 (36.8%) 225/581 (38.7%) 0.3
Pre-OHT hospitalization 8,248/15,359 (53.7%) 1,733/2,936 (59.0%)c 734/1,287 (57.0%)c 329/581 (56.6%) �0.001
Days on wait list 230 � 365 197 � 349c 182 � 332c 154 � 286c �0.001
onor variables
White donor 11,456/15,373 (74.5%) 1,985/2,940 (67.5%)c 742/1,289 (57.6%)c 341/583 (58.5%)c �0.001
African American donor 1,755/15,373 (11.4%) 514/2,940 (17.5%)c 104/1,289 (8.1%)c 68/583 (11.7%) �0.001
Hispanic donor 1,804/15,373 (11.7%) 386/2,940 (13.1%)c 391/1,289 (30.3%)c 139/583 (23.8%)c �0.001
Other race donor 358/15,373 (2.3%) 55/2,940 (1.9%) 52/1,289 (4.0%)c 35/583 (6.0%)c �0.001
Donor diabetes 310/15,294 (2.0%) 59/2,928 (2.0%) 25/1,285 (2.0%) 8/571 (1.4%) 0.8
Donor age 31.6 � 12.7 31.3 � 12.5c 30.4 � 12.3c 29.7 � 12.6 0.001
Cigarette use 4,715/15,217 (31.0%) 869/2,909 (29.9%)c 343/1,267 (27.1%)c 152/577 (26.3%) 0.003
HLA mismatch 7,057/12,826 (55.0%) 1,591/2,434 (65.4%)c 662/1,133 (58.4%)c 302/476 (63.5%)c �0.001
CMV mismatch 5,339/15,373 (34.7%) 723/2,940 (24.6%)c 332/1,289 (25.8%)c 117/583 (20.1%)c �0.001
Ischemic time (h) 3.1 � 1.0 3.1 � 1.0 3.1 � 1.1 3.2 � 1.1 0.3

“Other” race includes Asian, Pacific Islander, American Indian, and multiracial recipients. b p value based on results of either one-way analysis of
ariance (continuous variables) or �2 test (categorical variables). c Post-hoc pairwise comparison p � 0.05 (reference � white recipient) by
ukey-Kramer method (for continuous variables) or univariate logistic regression (for categorical variables).
MV � cytomegalovirus; HLA � human leukocyte antigen; IABP � intraaortic balloon pump; IBW � ideal body weight; ICU � intensive
are unit; OHT � orthotopic heart transplantation; PAP � pulmonary arterial pressure; PVR � pulmonary vascular resistance.
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6% when compared with whites. Although donor–
ecipient race matching appeared to increase survival on
nitial Kaplan-Meier survival estimates, further analysis
emonstrated this to be the result of disproportionate
umbers of AA recipients in the unmatched group.
Examination of mortality data by race also indicated

hat the initially observed race-matching effect was at-
ributable to a skewed stratification. No survival differ-
nces were observed within individual races with race
atching, nor did donor race have a significant effect on

urvival. Univariate and multivariable Cox proportional
azards analyses also indicated significantly worse out-
omes in AA recipients, but no beneficial effect of race
atching. Given the analyses performed, it is clear that

ace matching does not improve survival after OHT.
Accordingly, poor survival in AA recipients cannot be

ttributed to a race-mismatch effect. Although survival of
A recipients was lower than that of other race recipients
t 1 year and longer, there was no improvement when
As received AA hearts (Table 2).
The increased risk of death for Hispanic recipients

redicted using our multivariable model is likely not
linically significant. Unlike the survival differences in
A recipients, for Hispanic recipients there is no agree-
ent between the multivariable analysis and Kaplan-
eier survival estimates, short-term mortality data, or

nivariate analysis. Also, the sample size for Hispanic

ig 2. Kaplan-Meier (KM) survival estimates after orthotopic heart
ransplantation stratified by recipient race (United Network for Or-
an Sharing data, May 2008).

ig 3. Conditional Kaplan-Meier survival estimates after orthotopic
eart transplantation stratified by recipient race, censoring for
eaths in the first year (United Network for Organ Sharing data,
uay 2008).
ecipients is smaller than that for AA and white recipi-
nts and more likely to be a spurious finding using this
omplex statistical methodology.

The decreased survival in AA recipients is striking, and
lucidating the reasons has important implications for re-
olving this disparity. However, this endeavor is quite
omplex. Race is somewhat ill defined and confounded by
any socioeconomic factors, in addition to any underlying

iologic differences. Nevertheless, insight can be gained
rom our multivariable analyses on survival and rejection. It
hould be noted that this survival difference becomes more
ronounced with time. Consequently, variables that in-
rease the odds of rejection in the first year likely contrib-
te, but are unlikely to be the entire explanation. Compared
ith whites, both Hispanic and AA recipients share differ-

nces in baseline characteristics, such as insurance type,
ex-matching, education, transplant diagnosis, and donor
actors. Yet, Hispanics do not manifest the poorer survival
f AAs after OHT.
Two biologic factors that are more prevalent in AA

ecipients compared with other races are HLA mismatch
nd the prevalence of hypertension. Preoperative hyper-
ension persists after OHT and increases the stress on the
ransplanted heart. With hypertension more than 6%

ore prevalent in AA recipients, and notably more
ifficult to control in AAs [1], this could be a long-term
ontributor to poorer outcomes. Human leukocyte anti-
en mismatch is a putative contributor to poor survival in

ig 4. Kaplan-Meier (KM) survival estimates after orthotopic heart
ransplantation stratified by donor race (United Network for Organ
haring data, May 2008).

ig 5. Kaplan-Meier survival estimates after orthotopic heart trans-
lantation stratified by donor–recipient race matching (United Net-
ork for Organ Sharing data, May 2008). (Mt � matched; UnMt �

nmatched.)
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A recipients [7, 13]. In this study, HLA mismatch did not
ndependently impact survival after risk adjustment, al-
hough it did increase the odds of rejection, potentially
eading to decreased graft longevity. Additionally, AAs
ad an increased likelihood of donor–recipient sex-
ismatch, which was found in this and another study to

ncrease the risk of death independent of race [14].
Our analysis implicates discrepancies in socioeco-

omic factors as contributing to poorer outcomes in AAs.
edicaid and “other” type insurance were more preva-

ent in AA recipients, both of which increased the odds of
ejection (30% and 51%, respectively), although Medicaid
nsurance conveyed a 39% increase in the hazard of death
fter OHT as compared with private insurance. Addition-
lly, the lower percentage of AA recipients with a college
ducation increases the odds of rejection. Such differ-
nces in education and socioeconomic status impact
utcomes in an independent manner, contributing to
oor outcomes in AA recipients.

revious Work
he effect of race on outcomes after OHT has been most

horoughly explored in the pediatric OHT literature. A
eview of the pediatric UNOS database by Mahle and
ssociates [10] reported graft survival in AAs to be less
han 50% that of other recipients. This effect persisted
fter risk adjustment for socioeconomic factors and race
ismatch (which was noted not to affect survival) [10].
n institutional review of 169 pediatric OHTs by Kanter
nd colleagues [11] reported decreased survival in AAs,
ut concluded that race mismatch rather than AA recip-

ent race was driving this effect.
Studies addressing race in adult OHT are limited to

ingle centers; large reviews have not addressed race as a

able 2. Effect of Race-Matching on Unadjusted Kaplan-Meie

roup 30 Days 90 Da

verall (n � 20,185)
Matched (n � 12,381) 94.4% (94.0–94.8) 91.6% (91.
Unmatched (n � 7,804) 94.6% (94.1–95.1) 91.7% (91.
p valueb 0.5 0.9
hite (n � 15,373)
Matched (n � 11,456) 94.3% (93.9–94.8) 91.6% (91.
Unmatched (n � 3,917) 94.2% (93.4–94.9) 91.2% (90.
p valueb 0.7 0.4
frican American (n � 2,940)
Matched (n � 514) 94.9% (92.5–96.5) 92.6% (89.
Unmatched (n � 2,426) 95.1% (94.1–95.9) 92.1% (90.
p valueb 0.8 0.7
ispanic (n � 1,289)
Matched (n � 391) 95.0% (92.3–96.8) 91.9% (88.
Unmatched (n � 898) 94.6% (92.9–95.9) 92.1% (90.
p valueb 0.8 0.9

Values are hazard ratios with 95% confidence intervals in parentheses.
ovariate affecting mortality [15]. Park and colleagues [7, 13] t
dentified poorer outcomes in AA recipients, suggesting
LA mismatching could be contributing. Mehra and col-

eagues [6] suggested specific immunosuppressive regi-
ens could mitigate poorer AA recipient survival, hence

rguing for race-linked biologic differences contributing to
oor outcomes. Conversely, Pamboukian and colleagues [8]
eported no race-linked survival difference in 103 OHT
ecipients, attributing this to care at their comprehensive
ransplant center. Clearly, there is uncertainty regarding
he forces driving poorer survival in AA OHT recipients.

This study, which provides an overview of modern US
HT, demonstrates that AA recipients have decreased

urvival compared with other race recipients. Donor race
oes not impact survival. Donor–recipient race matching
id not improve survival for any race recipient. This study,
mong others in solid-organ transplantation, identifies
oorer outcomes in AA recipients. Given that race is a
omplex and ill-defined entity, confounded by socioeco-
omic factors, it is surprising that such a strong survival

rend was present. Our analysis suggests that socioeco-
omic and educational factors, as well as HLA matching,
ontribute to race-linked outcome discrepancies. However,
iven that recipient race remained significant after risk
djustment for these factors, it is possible that unidentified
ace-linked biologic factors also contribute.

The underlying mechanisms driving these outcomes
erit further investigation. It is likely that socioeconomic

nd educational factors impacting outcomes are surro-
ates for access to care, issues of compliance, and the
ays in which patients engage the health-care system. A
atient’s insurance status plays a crucial role in this

nteraction and was shown to impact both rejection and
urvival. This study serves to highlight the disparity in
utcomes of AA OHT recipients. Based on our analysis,

imates of Survival Overall and Stratified by Racea

Survival Time

1 Year 2 Years 5 Years

1) 87.6% (87.0–88.1) 84.0% (83.3–84.7) 75.1% (74.1–75.9)
3) 86.1% (85.3–86.9) 81.4% (80.4–82.3) 70.5% (69.3–71.7)

0.008 �0.001 �0.001

1) 87.6% (87.0–88.2) 84.2% (83.5–84.9) 75.4% (74.5–76.3)
0) 86.8% (85.7–87.9) 83.7% (82.5–84.9) 73.8% (72.1–75.3)

0.2 0.4 0.1

6) 85.1% (81.6–88.0) 80.0% (76.0–83.4) 67.7% (62.6–72.3)
1) 84.6% (83.1–86.0) 77.2% (75.4–79.0) 64.2% (61.8–66.5)

0.8 0.3 0.3

3) 89.0% (85.3–91.8) 84.7% (80.4–88.1) 75.0% (69.1–80.0)
8) 85.9% (83.4–88.1) 80.9% (78.0–83.4) 70.4% (66.7–73.9)

0.2 0.2 0.1

p value according to Mantel-Cox log rank test.
r Est

ys

1–92.
0–92.

1–92.
2–92.

9–94.
9–93.

6–94.
1–93.
he relationship between race and outcomes in OHT is
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able 3. Univariate and Multivariable Predictors of Mortality After Orthotopic Heart Transplantation

redictor

Univariate Analysis Multivariable Analysis

HR (95% CI) p Valuea HR (95% CI) p Valueb

ecipient race
White Reference Reference
African American 1.42 (1.32–1.52) �0.001 1.46 (1.24–1.72) �0.001
Hispanic 1.08 (0.96–1.21) 0.2 1.42 (1.13–1.77) 0.002
Other 1.01 (0.85–1.20) 0.9 0.86 (0.57–1.30) 0.5
onor race
White Reference Reference
African American 1.05 (0.97–1.14) 0.2 1.07 (0.90–1.27) 0.5
Hispanic 1.03 (0.95–1.12) 0.5 0.94 (0.79–1.12) 0.8
Other 1.07 (0.91–1.27) 0.4 1.06 (0.71–1.57) 0.8

ace interaction terms
White-inclusive terms Reference
Recipient race–donor race

AA–AA 1.04 (0.74–1.48) 0.8
AA–H 1.13 (0.74–1.71) 0.6
AA–O 0.53 (0.16–1.79) 0.3
H–H 0.65 (0.41–1.05) 0.08
H–AA 0.34 (0.12–0.93) 0.04
H–O 0.95 (0.35–2.56) 0.9
O–AA 1.16 (0.44–3.17) 0.8
O–H 1.67 (0.78–3.60) 0.2
O–O 2.18 (0.76–6.22) 0.1

dditional variables
Sex mismatch 1.14 (1.08–1.21) �0.001 1.14 (1.02–1.27) 0.02
% IBW 1.003 (1.001–1.004) �0.001 1.003 (1.001–1.005) 0.005
Age � 60 y 1.18 (1.12–1.25) �0.001 1.23 (1.11–1.37) �0.001
Private insurance/self-pay Reference Reference
Medicaid 1.40 (1.29–1.53) �0.001 1.39 (1.18–1.63) �0.001
Medicare 1.28 (1.21–1.37) �0.001 1.12 (1.00–1.25) 0.056
Other pay 1.23 (1.09–1.39) 0.001 1.17 (0.95–1.44) 0.1
College graduate 0.87 (0.82–0.93) �0.001 0.98 (0.89–1.07) 0.6
Recipient creatinine (mg/dL) 1.04 (1.03–1.06) �0.001 1.02 (0.998–1.04) 0.08
Recipient diabetes 1.26 (1.18–1.34) 0.002 1.28 (1.14–1.43) �0.001
Recipient HTN 1.16 (1.09–1.22) �0.001 1.13 (1.03–1.25) 0.01
Transplant year 0.99 (0.98–1.00) 0.3 0.99 (0.97–1.01) 0.4
Ischemic cardiomyopathy 1.09 (1.03–1.15) 0.001 0.93 (0.80–1.09) 0.4
Idiopathic cardiomyopathy 0.89 (0.84–0.95) �0.001 0.89 (0.76–1.04) 0.1
Hypertrophic cardiomyopathy 0.76 (0.59–0.98) 0.03
Congenital heart disease 1.35 (1.15–1.59) �0.001
Cardiac index (L/min) 0.97 (0.93–1.00) 0.08 1.04 (0.98–1.11) 0.2
Mean PAP (mm Hg) 1.005 (1.003–1.008) �0.001
PVR (dyne · s/cm5) 1.02 (1.01–1.04) 0.002
Inotropic drugs at OHT 1.07 (1.01–1.13) 0.01 0.88 (0.79–0.98) 0.025
IABP at OHT 1.30 (1.17–1.46) �0.001 1.11 (0.90–1.36) 0.3
Mechanical ventilation at OHT 2.35 (2.08–2.67) �0.001 1.92 (1.44–2.56) �0.001
ICU care at OHT 1.20 (1.14–1.26) �0.001
Hospitalized at OHT 1.23 (1.16–1.30) �0.001 1.20 (1.07–1.35) 0.002
HLA mismatch (0 or 1 antigen matched) 1.11 (1.05–1.18) �0.001 1.08 (0.98–1.18) 0.1
Age of donor (y) 1.01 (1.01–1.02) �0.001 1.01 (1.01–1.02) �0.001
Donor diabetes 1.19 (0.99–1.43) 0.06 1.18 (0.87–1.59) 0.3
Donor cigarette use 1.17 (1.11–1.24) �0.001
Continued
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omplex, with biologic and socioeconomic or educational

actors independently impacting survival.

imitations
ur study is limited by its retrospective approach. The
NOS dataset likely does not include all important

onfounders, such as detailed economic data germane to
he question at hand. Large data sets rely on accurate
oding. We cannot confirm that coding errors do not
xist, but we assume that they are generally random and
nlikely to create bias. Our study was not designed to
elineate the underlying mechanisms by which race
ffects survival. The data set does not provide compre-
ensive information from which to draw appropriate
onclusions regarding the “why” behind mortality.

onclusions
e have presented a large modern cohort of OHT

atients to study race-related differences in outcomes.
frican American recipients have significantly decreased

urvival after OHT. This effect cannot be attributed to
ace mismatch and persists when censoring for deaths in
he first postoperative year. Also, no improvement in
urvival was observed with race-matched transplants
egardless of race. Further studies are necessary to de-
ineate the underlying mechanisms accounting for de-
reased survival in AA recipients.

octor Allen is the Hugh R. Sharp Cardiac Surgery Research
ellow and Drs Arnaoutakis and Weiss are Irene Piccinini
nvestigators in Cardiac Surgery. This study was supported in
art by Health Resources and Services Administration contract
34-2005-370011C. The content is the responsibility of the au-
hors alone and does not necessarily reflect the views or policies
f the Department of Health and Human Services, nor does
ention of trade names, commercial products, or organizations

mply endorsement by the US government.
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ISCUSSION
R ROBERT S.D. HIGGINS (Chicago, IL): I would like to
ongratulate you and your colleagues for an excellent presenta-
ace matching in heart transplantation. I also want to thank you
or the opportunity to review your manuscript in advance. As
varia

CI)

.12)

.11)

lue fr

egalo
ou have pointed out, congestive heart failure affects millions of
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atients in the United States and is responsible for extraordinary
orbidity and mortality. While transplantation provides state of

he art treatment for this lethal condition, the impact of race and
n particular race matching between donors and recipients has
ot been fully explored. Your evaluation of the impact of race
atching between donors and recipients using the Organ Pro-

urement and Transplantation Network data from UNOS
United Network for Organ Sharing) between 1997 and 2007
rovides critically important information in the retrospective
eries of over 20,000 adult patients receiving orthotopic heart
ransplants.

While demonstrating that African American recipients have
n 11.4% absolute decrease in 10-year survival compared to
aucasians, your analysis confirms that survival was not affected
y matching the race of the donor with the race of the recipient
s might be expected from a theoretical or biologic perspective.
our results are consistent with those of our group and the
nalysis of the overall results of heart transplantation as a
reatment for advanced heart failure in African Americans in the
nited States. Recipient race appears to be a more powerful
eterminant of outcome (survival) than donor matching or other
arly factors influencing outcomes before 1 year.
I have two specific questions which might help us understand

our results further. In particular, I would ask how do you
nterpret the impact of sociologic variables such as college
ducation, lower socioeconomic status, or insurance on biologic
rocesses and the impact of pretransplant diagnoses such as
ypertension and idiopathic dilated cardiomyopathy on allo-
raft rejection and survival in African Americans?
What are the biologic and sociologic factors that you think

ave the greatest contribution to the overall poor outcome of
frican Americans after heart transplantation, since this is the
xis at which we can direct our efforts to address and reduce this
isparity in outcomes?
Thank you again for the opportunity to review your manu-

cript and I look forward to your answers.

R ALLEN: Thank you, Dr Higgins, for those kind words and
or your questions. Regarding your first question, I think that
ocioeconomic and educational variables impacting these bio-
ogical processes and outcomes are really a surrogate for access
o care, issues of compliance, and the ways in which patients
nteract with the health-care system. Certainly, a patient’s
nsurance plays a crucial role in their interaction with the
ealth-care system. And we have made similar observations

n lung transplantation to those that we are making now in
eart transplantation.
I believe that studies such as this one really highlight patients

ho are at greater risk for poor outcomes related to processes of m
are and compliance issues. The identification of this problem
nd its possible etiologies allows us as transplant providers to
onstruct better systems with which these high-risk patients can
e targeted to avoid poorer outcomes in the future. College
ducation’s impact on rejection in the first year is a good
xample. I think that it is intuitive that a patient with a college
ducation will more easily maneuver the complexities of immu-
osuppressive medications and identify when they should seek
ssistance from their health-care provider. A potential solution
or patients who are not college educated is a process of care
hich initiates more intensive education for these patients on
ow to manage their medications and which symptoms should
ring them to the hospital. The most important question now is
ow to overcome the propensity for poorer outcomes in certain
atients.
Secondly, what are the biologic factors? I would say certainly

onventional HLA (human leukocyte antigen) mismatch has
een studied and thought to contribute to poor outcomes.
hough it didn’t impact mortality in our study, it did increase

he rate of rejection.
Another possibility is race-linked differences in responses to

mmunosuppressive medications. This has certainly been inves-
igated in the past with interesting results. Additionally, one

ust consider the differences in the prevalence of cardiovascu-
ar disease and risk factors in African Americans as contributing
o their poorer post–heart transplant survival. For example,
ifferences in the prevalence and effective treatment of essential
ypertension could certainly contribute to poorer outcomes
fter heart transplantation. These factors are not impacted by
eplacing a patient’s heart, but affect the longevity of the graft.

R CONSTANTINE MAVROUDIS (Cleveland, OH): Did you
tudy the effect of diabetes on racial differences? When I noted
he survival curves, they appeared to be parallel, and I was
uestioning if most of the mortality occurred early because due

o diabetes rather than issues relating race.

R ALLEN: Initially, the Kaplan-Meier curves of overall race-
atched versus unmatched patients did appear to be parallel

fter the first few years. However, when we examined survival
pecifically by recipient race, the poorer survival of African
merican recipients was striking. These differences were not
ffected by censoring deaths in the first year—implying that
hese differences are actually mediated by longer term factors,
nd in fact, the difference in survival continued to increase with
ime. Moreover, diabetes was a covariate in our multivariable
nalysis which did independently predict mortality. Still, Afri-
an American recipient race continued to increase the risk of

ortality after risk adjustment.
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