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Abstract

The demographics of patients undergoing heart transplantation in the United States have shifted
over the last ten years, with an increasing number of racial and ethnic minorities undergoing heart
transplant. Multiple studies have shown that survival of African American patients after heart
transplantation is lower when compared to other ethnic groups. Here we review the data
supporting the presence of this outcome disparity and examine the multiple mechanisms that
contribute. With an increasingly diverse population in the United States, knowledge of these
disparities, their mechanisms, and ways to improve outcomes is essential.
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Introduction

Heart transplantation (HT) remains the therapy of choice for patients with end-stage heart
failure (HF), offering the best quality of life and long-term survival. However, the benefit of
HT is not uniform, with outcomes data demonstrating that certain racial/ethnic minorities
have inferior post-transplant survival when compared to Caucasians.13 The disparity in
outcomes in minority patients is not unique to HT, as minority patients undergoing kidney
and liver transplantation also have inferior survival at 3 years post-transplant.* The exact
mechanisms for these disparities remain unclear; however, suggested explanations include
socioeconomic, immunologic, and pharmacogenetic factors. Understanding the risk factors
associated with worse survival for racial/ethnic minorities after transplantation is imperative
to improve outcomes and eliminate disparities.
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The use of race as a proxy for disease risk

The concept of categorizing persons on the basis of race is relatively recent in human
history, originating from European exploration during the 16! century.> Recent application
of modern molecular genetic techniques has shown that there is more genetic variation
within persons of the same self-reported ethnic group than between persons of different
ethnic groups.®8 Thus, the concept of race as a general classifier for genetic differences has
been invalidated, and represents a social construct, not a biological concept.” 8 However,
persons of similar ethnogeographic origin do share specific genetic markers, including
microsatellites and single nucleotide polymorphisms (SNP), all of which interact with the
environment to contribute to susceptibility to certain diseases.? 19 Consequently, race/
ethnicity is widely used as a marker for examining differences in the prevalence of medical
conditions, including cardiometabolic diseases that contribute to the development of end-
stage HF. For example, African Americans have an increased risk of HF in the setting of
hypertension, but have a markedly decreased risk of developing aortic stenosis.11: 12

The United States (US) Office of Management and Budget recognizes five racial categories:
Caucasian, Black or African American, American Indian or Alaska Native, Asian, and
Native Hawaiian or Other Pacific Islander. Hispanic/Latino background is considered to be
an ethnicity. Within the US, there is marked regional variation in the prevalence of minority
racial/ethnic groups (Figure 1). Furthermore, important demographic changes continue to
impact the US, with Hispanic-Latinos becoming the most populous racial/ethnic minority
group between the 2000 and 2010 US census.13 The increasing diversity in the US
population mandates that research efforts reflect this diversity, and address methods to
improve outcomes for all racial/ethnic groups after HT. Here we comprehensively review the
evidence for racial/ethnic disparities in outcomes after HT, we examine the multiple
mechanisms that contribute to these disparities, and discuss potential targets for new
interventions and research priorities.

Racial differences in HT waiting list characteristics and mortality

Differential access to health care and differential care within the health system are
significant, as minority groups are less likely to receive counseling regarding transplant
options and to be referred for transplant evaluation.* Despite these disadvantages, the 2012
United Network for Organ Sharing (UNOS) annual data report confirms that the number of
racial/ethnic minorities awaiting HT continues to increase, with the proportion of non-
Caucasians increasing from 22.9% to 31.6% over the past decade.1* African Americans
accounted for 21.7% of patients on the waiting list for HT in 2012, while Hispanic-Latinos
and Asians accounted for 7.1% and 2.1%, respectively. Prior studies have identified
important clinical characteristics that differ between Caucasian and non-Caucasian patients
listed for HT. Non-Caucasian recipients tend to be younger, are more frequently women, are
more likely to have non-ischemic HF etiology, and have higher rates of comorbid conditions
including diabetes and renal failure.15: 16 African American and Hispanic-Latino patients are
also more likely to be sicker at listing, with higher urgency status (UNOS status 1A/1B) and
are more likely to be supported on intravenous inotropes at listing. In an analysis of 10,377
patients awaiting primary HT, wait-list mortality was 50% higher for Hispanic-Latino and
13% higher for African American patients compared to Caucasian patients, even after
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adjusting for factors such as cardiac diagnosis, hemodynamic support, and end-organ
function.18 Notably, the higher risk was present despite a shorter waiting time for receiving a
HT in Hispanic-Latino patients.

Left ventricular assist devices (LVAD) are required in 20% to 40% of patients awaiting HT
in the US.17 Despite their higher urgency status at listing, Hispanic-Latino patients are less
likely to be supported on a LVAD or other mechanical support at listing than other ethnic
groups.18 Potential explanations for this disparity include a higher proportion of Hispanic-
Latino patients with Medicaid insurance, and that Hispanic-Latino patients are more likely
to be listed at low-volume transplant centers compared to Caucasian patients.2® In a single
center analysis in which bridge to transplantation was the indication for LVAD implant in 21
African Americans (65.6%) and 39 Caucasians (69.6%), Tsiouris et al. determined there
were no differences in survival between African Americans and Caucasians at 6 months or 1
year.18

Racial/ethnic differences in outcomes after transplantation

Previous analyses have identified clear disparities in outcomes after HT based on race and
ethnicity. Liu et al. retrospectively evaluated post-transplant mortality in 39,075 adult
primary HT recipients from 1987 to 2009.1° During a median follow-up of 1815 days
(interquartile range, 478 to 3304 days), the unadjusted 1- and 5-year mortality rates were
13.2% and 26.5% in Caucasian recipients, 13.6% and 29.4% in Hispanic-Latino recipients,
15.8% and 36.7% in African American recipients, and 12.4% and 26.2% in other recipients.
After adjusting for recipient, transplant, and socioeconomic variables, only African
American recipients had an increased risk of death (hazard ratio [HR] 1.34, 95% confidence
interval [CI] 1.21 — 1.47; P<0.001). African Americans were more likely to die of graft
failure or a cardiovascular cause (57.9%) than were Caucasians (37.8%) or other non-
Caucasians (44.1%; P<0.001), but were also less likely to die of infection or malignancy.

Although overall survival after HT has progressively improved in recent eras!®, Singh et al.
examined post-transplant outcomes in 36,748 HT recipients to determine whether these
improvements have been equal across racial/ethnic groups.? Early (6-month) post-transplant
survival improved with time in all racial/ethnic groups from 86.3% in the earliest era (1987-
1992) to 90.8% in the most recent era (2005-2008). However, the risk of death or
retransplant within the first 6 months was higher in African American recipients than in
Caucasian recipients (HR 1.15, 95% CI 1.05-1.26; P=0.004), even after adjusting for patient
factors and era of transplant. Furthermore, longer-term survival (after 6 months) improved
across eras in Caucasian recipients but not in African American or Hispanic-Latino
recipients, suggesting that racial/ethnic disparities in long-term survival after HT have
actually worsened with time (Figure 2).

Factors contributing to racial/ethnic disparities in post-transplant outcomes

The exact etiologies underlying inferior transplant outcomes in African Americans and
Hispanic-Latinos are unclear. Previous studies have confirmed the impact of socioeconomic
status as a major contributor to poor outcomes after HT, particularly in minority populations.
However, additional data suggest immunologic mechanisms contribute to a higher risk of
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acute and chronic rejection, and ultimately allograft loss in minority HT recipients. In the
following section, we review potential causes for disparate outcomes after HT.

Socioeconomic status.—Due to the significant expense of transplant care,
socioeconomic status (SES) and access to care are major factors that influence post-
transplant outcomes. . For example, the cost of the standard immunosuppressive (IS)
regimens averages $13,400 per year, and additional costs are incurred for travel and lodging
whenever the patient must return for follow-up evaluations at the transplant center.20
Multiple studies have shown that African American and Hispanic-Latino HT recipients are
more likely to have Medicare or Medicaid as their primary payer as opposed to Caucasian
and Asian recipients who are more likely to have private insurance. 3 Morris et al. found
that 35% of Caucasian, 48% of African American, 51% of Hispanic-Latino, and 27% of
Asian HT recipients had Medicare or Medicaid as their primary payer.3 Singh et al.
examined the impact of both SES and race/ethnicity on post-transplant outcomes in 520
pediatric and adult HT recipients and found that both non-Caucasian race and low SES were
risk factors for a higher incidence of rejection, after controlling for gender, ventricular assist
device placement, and era of HT.2

There is little data that specifically addresses how racial differences in access to care impact
HT outcomes. However, Chakkera et al. hypothesized that racial disparities in kidney
transplant would be less pronounced among patients inside the US Department of Veterans
Affairs (VA) compared to patients outside of the VA system, since the VA provides
comprehensive medical care and prescription coverage to eligible veterans.22 Among 79,361
patients (77,715 non-VA users and 1646 VA users), African-American race was associated
with a 30% higher risk for graft failure and 10% higher risk for death, even after adjustment
for a wide range of recipient and donor characteristics. Furthermore, the relative risk of graft
failure by race was remarkably similar among VA users and non-VA users, and among VA
users who received a transplant within and outside the VVA. Thus, racial disparities in
transplant outcomes persist even in a universal access-to-care system such as the VA.

Donor and cardiac allograft related factors.—Multiple donor-, surgery, and
transplant center-specific parameters impact long-term survival after HT.23: 24 Prior data
have suggested there may be an interaction between donor race/ethnicity and outcome after
HT. Weiss et al. found that mismatch between the recipient and donor for race/ethnicity was
a risk factor for 1-year mortality after HT (adjusted OR 1.13, 95% CI 1.02—-1.24; P=0.02).
25 In contrast, Allen et. al demonstrated that donor race/ethnicity did not affect survival and
furthermore, that matching the recipient and donor for race/ethnicity had no impact on
survival.l

Allograft quality is a potentially novel source of transplant disparity that has recently been
shown to impact outcomes in liver transplantation. Mathur et al. assessed the donor risk
index in over 19,000 liver transplant recipients.2® They found that both Hispanic-Latino and
female recipients were more likely to receive a low-quality allograft (adjusted HR 1.21 and
1.24, respectively) after adjusting for comorbidities, age, diagnosis, MELD score at
transplant, and donation service area. The presence of disparities in allograft quality by
recipient race/ethnicity or gender is unexplored in HT.
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Transplant center performance is another measure that impacts post-transplant outcomes.
Kilic et al. examined 18,710 HT recipients, and found that African-Americans were more
likely to be transplanted at centers with higher-than-expected mortality, even after adjusting
for insurance and education level.2” Moreover, African-Americans were at increased risk of
1-year mortality as compared with whites in poor performing centers (OR 1.37, 95% ClI
1.12-1.69; P=0.002) as well as at excellent performing centers (OR 1.42, 95% Cl, 0.99—
2.02; P=0.06).

Immunologic mechanisms:

Rejection.: Multiple prior analyses have documented a higher rate of acute rejection in
African American HT recipients.2 3. 28.29 Kijlic et al. derived a simple score to assess the
risk of rejection, and found that recipient African American race independently increased the
risk for rejection during the first post-transplant year (OR 1.21, 95% CI 1.10-1.33;
P<0.001), while both Hispanic-Latinos (OR 0.87, 95% CI 0.76-1.01; P=0.06) and Asians
(OR 0.56, 95% Cl 0.42 — 0.74; P<0.001) had decreased risk as compared to Caucasians.2?
Morris et al. found that African American recipients (31%) were more commonly treated for
rejection within 1 year of HT than non-sensitized Caucasian (27%), Hispanic-Latino (27%),
or Asian (22%) recipients.3 African American race has also been demonstrated to predict the
severity of acute rejection. Girnita et al. assessed the frequency of rejection with
hemodynamic compromise in 532 pediatric HT recipients.30 Five years after transplant,
African American recipients had a higher rate of hemodynamically significant rejection
compared with non-African American recipients (36.1% vs. 22.2%; P=0.08), and African
American recipients were also more likely to require inotropic support (20% vs 7.7%;
P=0.007).

Differences in human leukocyte antigen (HLA) matching may account for some of the
increased frequency and severity of rejection in minorities after HT, as higher degrees of
HLA mismatch have consistently been associated with an increased risk of rejection.28: 29. 31
However, the class | and class 11 genes of the major histocompatibility complex are highly
polymorphic and HLA matching is not performed as precisely in HT as in kidney
transplantation due to limitations related to donor supply and ischemic time. As a result,
HLA mismatch between HT donor and recipient is common, with a median of five
mismatched serological antigens regardless of the donor or recipient racial/ethnic group.3 To
add to the complexity of achieving adequate matching, HLA haplotypes are strongly
associated with ethnicity. On average, HLA polymorphism is greatest among African
American and lowest among Native Americans, with Asian, Caucasian and Hispanic-Latino
populations falling at intermediate frequencies (Figure 3).32: 33 Thus, minority HT recipients
are more likely to have a higher degree of HLA mismatch regardless of whether the donor is
of the same or a different race or ethnicity.34-36

Differences in immune responsiveness may also contribute to inferior post-transplant
outcomes in racial-ethnic minorities. Kerman et al. demonstrated that African American
kidney transplant recipients have stronger responses in immune function assays (i.e. active T
cells, helper T cell:suppressor T-cell ratio, mixed lymphocyte culture alloantigen response)
compared to white kidney transplant recipients3’: 38, correlating with inferior 1-year
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allograft survival in African Americans (67% vs. 80%, P<0.01).3” Moreover, Hutchings et
al. confirmed increased expression of the CD80 and CD86 costimulatory molecules, and
increased T cell costimulation during mitogen activation, by antigen-presenting cells from
African American subjects.3? The costimualtion process is critical to T cell activation and is
in fact the target of the novel immunosuppressant belatacept has been approved by the US
Food and Drug Administration for use in kidney transplantation (REF: Kinnear et al,
Transplantation 2013)

Immunologic mechanisms:

Graft Failure.: Pre-transplant screening for panel reactive antibody (PRA) is used during
transplant evaluation to determine the presence of circulating antibodies to HLA antigens in
order to assess the likelihood of finding a suitable donor, and to mitigate the risk of post-
transplant hyperacute and antibody mediated rejection. The higher the PRA value, the
greater the likelihood of a positive cross-match with a random donor, such that patients with
higher PRA values tend to have extended waiting times while listed for solid organ
transplant, lower rates of transplantation, higher rates of rejection, and worse allograft
survival. 4% 41 Morris et al. confirmed that African American HT recipients had higher peak
PRA than Caucasian, Hispanic-Latino and Asian recipients.® Over 1207 median days of
follow-up, sensitized (PRA =10%) African American recipients had the lowest rate of graft
survival, while non-sensitized Asians had the highest rate of graft survival (Figure 4). After
adjustment for covariates, African American race (adjusted HR 1.3, 95% CI 1.2 — 1.4;
P<0.001), Hispanic-Latino ethnicity (adjusted HR 1.2, 95% CI 1.0 — 1.4; P=0.035), and
sensitization (adjusted HR 1.2, 95% CI 1.04 — 1.3; P=0.004) remained significant predictors
of higher risk of graft failure.

Cardiac allograft vasculopathy.—The development of cardiac allograft vasculopathy
(CAV) accounts for major morbidity and mortality after HT, accounting for 10-12% of
deaths after the first year of HT.#2 The development of CAV is partly immune-mediated, as
endothelial cells express both HLA and non-HLA antigens that appear to be primary targets
of cell-mediated and humoral immune responses.*3 African American HT recipients are at
increased risk for the development of CAV, and appear to have a shorter time to diagnosis of
CAV compared to Hispanic-Latino and Caucasian recipients.2 44 Kobayashi et al. similarly
found that African American race was associated with a 55% lower CAV-free survival after
adjustment for other variables in 5,211 pediatric HT recipients.® The higher risk of CAV in
African Americans is likely related to the increased burden of acute cellular rejection, which
is a known risk factor for the earlier development of CAV.46

Inflammatory gene SNPs associated with the risk of rejection.—Previous
analyses have investigated the role of genetic polymorphisms in the risk of rejection after
HT. Girnita et al. found an association between SNPs in the inferleukin 10 (1L-10), Fas cell
surface death receptor (Fas), and angiotensin I converting enzyme (ACE) genes and the risk
of rejection with hemodynamic compromise in a population of pediatric HT recipients.3°
They found that the high expressing “GG” genotype of 1L-10 and the low expressing “I11”
genotype of ACE protected recipients against the development of rejection with
hemodynamic compromise, whereas the high expressing “AA” genotype of Fas led to a
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higher risk of rejection. The effect of the IL-10 and Fas SNPs was similar for non-African
American and African American recipients; however, the protective effect of ACE appeared
to be limited to non-African American recipients.

Gene expression profiling associated with the risk of rejection.—Noninvasive
gene expression profiling (GEP) of peripheral blood has been used in lieu of
endomyocardial biopsy (EMB) as surveillance testing for HT recipients who have a low
probability of rejection.#” In the Invasive Monitoring Attenuation through Gene Expression
(IMAGE) study, HT recipients at least 6 months post-transplant were randomized to either
surveillance with routine EMB or GEP testing.*8 The cohort (N=602) was predominantly
Caucasian (77.7%), but did include African American (11.7%), Hispanic-Latino (6.5%), and
Asian (2.2%) patients. The rate of the primary outcome (first occurrence of rejection with
hemodynamic compromise, graft dysfunction due to other causes, death, or
retransplantation) was higher among African American and non-Caucasian patients
compared to Caucasian patients (18.3% and 22.2% vs. 8.5% respectively). However,
monitoring for rejection with GEP was noninferior to EMB with respect to prevention of the
primary outcome in all groups irrespective of race/ethnicity. Follow-up studies have
demonstrated that the variability of GEP scores within individuals predicts future risk of
allograft dysfunction or death.® Interestingly, African American recipients taking
cyclosporine had higher GEP scores than Caucasians on cyclosporine, despite similar trough
levels.>0

Future directions and strategies to improve post-transplant outcomes in racial/ethnic

minorities

Given the increasing diversity of the US population, and recent data showing that race/ethnic
disparities in HT outcomes may be worsening, future efforts must be focused on eliminating
these disparities. Although improving social inequities and access to care are often targets
for equalizing outcomes, focusing on the unique immunologic contributors to race/ethnic
disparities may also provide an avenue to further improve transplant outcomes. In fact,
recent data suggest that immunologic factors confer the greatest risk for incident GF for all
race/ethnic groups, with a slightly higher risk in African American HT recipients.®! Future
research examining strategies for both induction and maintenance immunosuppressive
regimens may be particularly beneficial in high risk minority HT recipients. With improved
IS regimens in recent eras, the incidence of any rejection has decreased from 32% in 2004 to
25% in 2010 in the first year after HT.>2 Both induction and maintenance IS regimens are
used to induce immune quiescence, and individualization of the IS strategy has been
established as a priority for improving post-HT outcomes.>3

Induction immunosuppression.—Higgins et al. assessed the impact of induction
therapy in 5,897 patients transplanted from 1990 to 2001.54 Induction with anti-thymocyte
preparations conferred a survival benefit in high risk recipients, particularly in African
American recipients <25 years of age with >4 HLA mismatches, and recipients on VAD
support with =4 HLA mismatches (non-African American recipients <30 years of age,
African American recipients <35 years of age). More recently, Coleman et al. found that
younger African American recipients (age 21 to 39) had improved survival after treatment
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with anti-thymocyte globulin (HR 0.67, 95% CI 0.68- 1.04; P=0.03), whereas patients age
40 to 59 did not have a significant benefit; patients = 60 years of age may have had
decreased survival (HR 1.35, 95% CI 0.89-2.04; P=0.1).%5 Given that induction IS with anti-
thymocyte globulin has also been shown to delay the development of CAV®®, induction IS
with anti-thymocyte globulin may be considered in African American patients who do not
have a contraindication.

Maintenance immunosuppression.—Maintenance IS regimens have also improved
over time, with most patients currently receiving tacrolimus and mycophenolate mofetil.42
The literature supports tacrolimus as the preferred calcineurin-inhibitor (CNI) for African
American patients. Mehra et al. compared outcomes at 1-year for 21 Caucasian and 20
African American patients treated with tacrolimus, and 22 African American control
patients treated with cyclosporine.>” Tacrolimus-based 1S was associated with better 1-year
survival in African Americans compared to cyclosporine (95% vs. 73%; P=0.04);
tacrolimus-treated Caucasian HT recipients achieved a similar end point (95% 1-year
survival). Usage of tacrolimus has increased in all patients over time irrespective of race/
ethnicity, with associated decrease in the incidence of rejection in the first post-transplant
year.?

Racial/ethnic diversity also influences important differences in the pharmacogenetic profile
of tacrolimus. Mehra et al. noted that African American patients require significantly higher
doses of tacrolimus than Caucasians, to achieve similar trough levels.>’ Similarly elevated
dose requirements have also been noted in African American renal transplant patients.>8
African Americans are more likely to be expressers of the CYP3A5*1 genotype, which has
been associated with higher clearance and lower bioavailability of tacrolimus. In fact, the
CYP3A5*1 polymorphism is present in 65% of African American kidney transplant
recipients compared with 8% of non-African American recipients.>8 Despite these
observations, few clinical studies have incorporated this information in a prospective
fashion, nor have guidelines been issued that might guide transplant centers how to
systematically utilize pharmacogenetic information in their clinical practice.

Corticosteroids are used universally within the early post-HT period, although many centers
currently wean corticosteroids within the first year after HT. The 2012 report of the
International Society for Heart and Lung Transplantation confirms that ~50% of patients are
steroid-free at 5 years after HT.1 In a cohort of 72 patients treated with azathioprine and
cyclosporine, Felkel et al. found that African American patients were less likely to be
successfully weaned from corticosteroids.>® However, a more recent study of patients treated
with tacrolimus and mycophenolate mofetil did not find a difference in the number of
African American patients that could be weaned from steroids.50

Significant clinical interest exists regarding the use of the novel proliferation-signal
inhibitors sirolimus or everolimus, given their beneficial effects on progression of CAV and
post-transplant renal insufficiency. In a randomized clinical trial of 116 HT patients with
chronic kidney disease, conversion from CNI to sirolimus improved renal function at 1 year
versus continuing CNI.61: 62 However, multivariate analysis confirmed that non-white race
(OR 15.3,95% CI 1.35 -172.7; P = 0.06) was independently associated with acute cellular
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rejection in patients converted to sirolimus. In patients who have developed CAV, both
sirolimus when used as the primary IS agent, and everolimus when used in conjunction with
mycophenolate mofetil, have been shown to reduce the progression of CAV.63. 64 Therefore
use of these agents may be beneficial in African American HT recipients who are prone to
earlier development of CAV, but extreme caution and careful monitoring are required when
converting African American patients from a CNI to sirolimus to avoid development of
acute cellular rejection.

Gene expression profiling and other tools.—The IMAGE study enrolled patients
who were at a lower risk for rejection because the relative safety of GEP had not yet been
confirmed, and the investigators did not want to expose the study participants to an undue
risk of adverse events.#8 In fact, only 20% of potentially eligible patients were enrolled in
the study and patients who had received a HT less than 3 years previously were recruited
preferentially. Despite these limitations of the original study, GEP may be a novel tool that
can be used to monitor high-risk populations such as race/ethnic minorities for future risk of
rejection. Future studies will need to be performed in higher risk HT recipients in
conjunction with EMB, to determine if GEP provides additional information that can be
used to surveil high-risk HT recipients for future risk of allograft rejection or death.

Conclusions

Outcomes in patients listed for and undergoing HT are not uniform, with Hispanic-Latino
patients experiencing an increased risk of death on the waiting list, and African American
HT recipients experiencing an increased risk of rejection and death post-transplant. In
contrast, Asian recipients experience a significantly lower risk of rejection and death post-
transplant. These disparities in outcomes appear to be worsening in the current era despite
the overall improvements for survival after HT. With the increasing diversity of the US
population as a whole, and the increasing diversity of patients wait-listed for HT, addressing
inequities in pre- and post-transplant care for minority patients must become a priority
among transplant professionals. Potential areas for future research include greater focus on
immunologic factors, including use of GEP and clinical algorithms for rational use of
pharmacogenetic data to tailor IS regimens. Ultimately, as our knowledge of how to
incorporate data from genetic sequencing into transplantation medicine improves, we may
be able to eliminate race/ethnicity disparities. Public policy efforts should also continue to
address timely referral for transplantation for minorities, as well as optimizing insurance
coverage for IS regimens after transplantation since inability to pay for healthcare services
remains a barrier to equal access and delivery of transplant care. Continued vigilance and
further prospective studies will be required to fully understand the mechanisms underlying
the impact of modifiable risk factors in HT outcomes in diverse populations.
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Figure 1. Stateswith greater than average racial/ethnic minority population.
In this map of the US, states are colored if their population of Hispanic/Latino, African

American, or Asian persons is greater than the national mean for that group (mean for
Hispanic/Latino 16.3%, African American 13.6%, and Asian 5.6%). States with
intermediate colors contain two groups at greater than the national average.
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Figure 2. Disparitiesin outcome for African American and Hispanic/L atino patients have
increased over time.

Racial disparities for the risk of death or retransplantation, conditional on surviving the first
6 months after heart transplant, are widening over progressive eras. The reference group is
white heart transplant recipients. The hazard ratios and 95% confidence intervals are
adjusted for baseline risk factors. Source, Singh et al.2
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Figure 3. African American and Hispanic/L atino per sons have a higher HL A haplotypic
diversity ascompared to Caucasian and Asian persons.

The first 25 ranked haplotypes in each racial/ethnic group are graphed against the frequency
of that haplotype on a logarithmic scale. The frequency of each HLA haplotype is higher for
Caucasians and Asians, indicating that the HLA haplotypes of African Americans and
Hispanic/Latinos are overall less frequent and therefore more diverse. Source: Maiers et al.33
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Figure 4. Graft survival in heart transplant recipients by recipient ethnicity and PRA level.

Kaplan-Meier curve showing graft survival in heart transplant recipients stratified by

recipient ethnicity and PRA level (<10% or 210%). African American recipients with PRA

>10% had the lowest graft survival, whereas Asian recipients with PRA <10% had the

highest graft survival. Source Morris et al.3
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