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Abstract

Background: Black heart transplant (HT) recipients have higher risk of mortality than White 

recipients. Better understanding of this disparity, including subgroups most affected and timing of 

highest risk, is necessary to improve care of Black recipients. We hypothesize that this disparity 

may be strongest among young recipients, as barriers to care like socioeconomic factors may be 

particularly salient in a younger population and lead to higher early risk of mortality.

Methods: We studied 22,997 adult HT recipients using SRTR data from 1/2005–1/2017 using 

Cox regression models adjusted for recipient, donor, and transplant characteristics.

Results: Among recipients aged 18–30, Black recipients had 2.05-fold (95% CI 1.67–2.51) 

higher risk of mortality compared to non-Black recipients (p<0.001, interaction p<0.001); 

however, the risk was significant only in the first year post-transplant (first year, aHR= 2.30, 95% 

CI 1.60–3.31, p<0.001; after first year, aHR= 0.84, 95% CI 0.54–1.29, p=0.4). This association 

was attenuated among recipients aged 31–40 and 41–60, in whom Black recipients had 1.53-fold 

(95% CI 1.25–1.89, p<0.001) and 1.20-fold (95% CI 1.09–1.33, p<0.001) higher risk of mortality. 

Among recipients aged 61–80, no significant association was seen with Black race (aHR= 1.12, 

95% CI 0.97–1.29, p= 0.1).

Conclusions: Young Black recipients have a high risk of mortality in the first year after heart 

transplant, which has been masked in decades of research looking at disparities in aggregate. In 

order to reduce overall racial disparities, clinical research moving forward should focus on 

targeted interventions for young Black recipients during this period.
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1. INTRODUCTION

Black heart transplant recipients have higher risk of mortality compared to White recipients.
1–9 Although overall post-heart transplant survival has improved over time, there has not 

been improvement in long-term survival among Black recipients.9 Even after adjusting for 

recipient, transplant, and socioeconomic factors, Black recipients had 1.34-fold (95% CI: 

1.21–1.47, p<0.001) higher risk of post-transplant mortality compared to Caucasians in a 

national registry analysis.6 Studies of racial disparities have focused on overall differences 

between Black and White recipients. In order to reduce racial disparities, however, it is 

important to understand subgroups among Black recipients who are most at risk.

Black patients have a higher prevalence of cardiovascular diseases including hypertension, 

diabetes, and heart failure, and they are also affected at disproportionately younger ages with 

higher morbidity and mortality compared to non-Black recipients.10–15 Earlier onset of 

cardiovascular diseases among Black patients can progress to end-stage heart diseases at 

younger ages, resulting in both a different clinical presentation leading up to heart 

transplantation and a different set of risk factors influencing post-transplant outcomes 

compared to similarly aged non-Black recipients. Furthermore, most heart recipients in the 

US are aged 50 to 64; the risk framework, and the way Black race impacts this risk 

framework, is likely different for the average middle-aged recipient versus a younger 

recipient.16

In addition, race-associated barriers to treatments such as socioeconomic factors may be 

particularly salient in a younger population, who have more limited access to resources and 

healthcare compared to older adults.17–19 While Medicare coverage is available for older 

adults, insurance coverage likely varies more among younger adults.18,20 Given these 

factors, previous analyses of the race and post-transplant mortality association likely 

overestimate race-associated risk in some age categories but underestimate race-associated 

risk in others. It is possible that these different sets of risk factors based on age and race 

influence mortality at different times in the post-transplant period. Young Black recipients 

perhaps have higher risk in the early period when risk of graft rejection is high and close 

follow-up is required for immunosuppression management and optimization.4,9,21 Thus, 

identifying timing of highest mortality can inform more impactful surveillance and treatment 

of high-risk groups in order to make the greatest improvements in outcomes.

The goals of this study were (1) to determine whether the association between recipient race 

and post-transplant mortality varied by recipient age, (2) to assess the role of potential 

factors such as socioeconomic status, HLA-mismatch, PRA, and immunosuppression in 

explaining the disparities found, and (3) to determine whether the risk of post-transplant 

mortality varied over time.
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2. METHODS

The data that support the findings of this study were obtained from the Scientific Registry of 

Transplant Recipients (SRTR) and requests for the dataset should be sent to SRTR directly. 

The authors declare that all analytic methods and supporting materials have been described 

within the article and its online supplementary files.

2.1 Data source

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The 

SRTR data system includes data on all donors, wait-listed candidates, and transplant 

recipients in the United States, submitted by the members of the Organ Procurement and 

Transplantation Network (OPTN), and has been described elsewhere.22 The Health 

Resources and Services Administration (HRSA), U.S. Department of Health and Human 

Services provides oversight to the activities of the OPTN and SRTR contractors.

2.2 Study population

The study population included 22,997 first-time adult (≥ 18 years) heart-only transplant 

recipients between January 1, 2005 and January 31, 2017. Recipients with missing waitlist 

status (n=1) were excluded. Race was ascertained based on reporting to the OPTN and was 

categorized into Black and non-Black. Black included “Black or African American.” Non-

Black included Caucasian, Hispanic/Latino, Asian, American Indian or Alaska Native, 

Native Hawaiian, or other/unspecified. Age was categorized as 18–30, 31–40, 41–60, and 

61–80 based on categories used in the literature, Martingale residuals to examine functional 

form, and examination to ensure sufficient observations in each category.17,23 We described 

clinical, demographic, and transplant characteristics of Black and non-Black recipients and 

their donors.

2.3 Post-transplant mortality

To determine whether post-transplant mortality varied by recipient race and age, we 

followed the 22,997 heart transplant recipients from date of transplant until date of death or 

administrative censoring on 1/31/2017. Death dates were augmented via linkage to the 

Social Security Master Death file. Kaplan-Meier survival estimates were used to visually 

compare mortality between Black and non-Black recipients in each age category at 1 year 

and 5 years post-transplant. We also examined mortality at 5 years post-transplant 

conditional on survival to 1 year post-transplant. Log-rank tests were performed to 

determine whether there were differences in crude survival based on race in each age 

category.

To assess the cumulative risk of mortality associated with Black race among all recipients, 

we used a Cox regression model and adjusted for recipient, donor, and transplant factors 

reported in the 2015 SRTR risk adjustment models. We also adjusted for additional 

covariates that have been identified by previous studies of the association between race and 

mortality.1,4,5 The model included recipient variables: age, race, sex, body mass index, heart 

diagnosis, waiting list status, pulmonary arterial pressure, creatinine, bilirubin, diabetes, 

hypertension, ventilation, VAD/TAH, ECMO, and dialysis; donor variables: age, race, sex, 
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cancer history, INR; transplant variables: ischemic time, high center level volume (≥ 9 heart 

transplants/year),4 donor-recipient sex mismatch, era of transplant (2012–2017 vs. 2005–

2011), and year of transplantation. Recipients with missing BMI (0.5%), pulmonary arterial 

pressure (7%), creatinine (0.3%), bilirubin (1.4%), diabetes (0.3%), VAD/TAH (2.1%), 

donor cancer history (0.4%), donor INR (1.8%) and ischemic time (1.5%) were excluded 

from the final overall model. We found the data was missing at random by both race and 

age. Donor variables excluded because they were not significant include race mismatch, 

CMV mismatch, weight mismatch (donor-recipient ratio <0.8), donor diabetes, donor 

hypertension, donor heparin, and donor infection.

To test whether the association between race and mortality varied by age, we added an 

interaction term between race and age categories in the above multivariable Cox regression 

model (Model 1). Because there was an interaction that was statistically significant, we 

analyzed the adjusted hazard ratios for Black race within each age category by performing a 

linear combination of regression parameters.

2.4 Further adjustment for recipient characteristics

To determine whether socioeconomic variables and HLA mismatch might be driving the 

association between race and post-transplant mortality, we ran Model 1 with additional 

adjustment for college education and insurance (Model 2) and, separately, Model 1 with 

additional adjustment for HLA mismatch and PRA (Model 3). Insurance type was defined as 

Medicaid, Medicare, private, or other. HLA mismatch was defined as ≥ 5 antigen 

mismatches. We used continuous PRA (%) in the model.

To determine whether immunosuppression influenced racial disparities in post-transplant 

mortality, we ran Model 1 with adjustment for immunosuppression induction category (one 

variable with categories of no induction, thymoglobulin, IL-2, or other/multiple agents), and 

initial immunosuppression maintenance (three binary variables for use of steroid, tacrolimus, 

and/or mycophenolate mofetil, MMF) at discharge (Model 4).

2.5 Time varying hazard associated with Black race

Based on the Kaplan Meier curves showing potential non-proportional hazards at 1-year 

post-transplant among recipients aged 18–30, we calculated time-varying hazard ratios 

associated with Black race in the first year and after the first year post-transplant, with a 

single Cox regression model per age group. In other words, we created a person-period 

dataset such that any individual with >1 year of follow-up had two records, and separately 

modeled the association of race with mortality during the first year post-transplant and >1 

year post-transplant.24 These time bins were determined based on observation of the crude 

mortality and non-proportional hazards at 1-year post-transplant among recipients aged 18–

30. Though the true effect is not uniform over time and does not change suddenly, we chose 

to present it as a 1-year analysis instead of a continuous time-varying covariate for more 

interpretable findings. Models were adjusted for the same variables included in the overall 

adjusted model described in Section 2.3.
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2.6 Sensitivity analysis

We performed a sensitivity analysis comparing our model to analysis restricted to transplants 

performed between 2012–2017 to examine whether the disparities we found persisted in the 

latest era.

To examine whether the differences in mortality existed between Black recipients and the 

sub-groups of race within the non-Black category, we performed a sensitivity analysis for an 

interaction between race and age after splitting the non-Black race group into Caucasian, 

Hispanic/Latino, Asian, and other.

We also performed a shared-frailty analysis by transplant center to consider the impact of 

variation in center-level management.

2.7 Cause of Death

We analyzed cause of death across race and age categories. Due to sample size and missing 

or unknown cause of death, we did not analyze graft failure cause (38% of values were 

missing).

2.8 Statistical analysis

All analyses were performed using Stata version 14.1 for Mac (Stata-Corp, College Station, 

Texas). All hypothesis tests were two-sided, with statistical significance defined as having a 

p-value <0.05. Adjusted hazard ratios (aHR) are presented with 95% confidence intervals. 

This study was reviewed by the institutional review board at Johns Hopkins University 

School of Medicine and determined to qualify for an exemption under 45 CFR 46.101(b) as 

study participants cannot be identified directly or through linked identifiers.

3. RESULTS

3.1 Study population

Among 22,997 first-time adult heart-only recipients transplanted between January 1, 2005 

and January 31, 2017, 20% were Black (n=4,594). Non-Black (n=18,403) included 

Caucasian (84.8% of non-Black), Hispanic/Latino (9.9%), Asian (4.0%), American Indian 

or Alaska Native (0.4%), Native Hawaiian (0.4%), or other/unspecified (0.5%). Of the age 

categories 18–30 (n=1,788), 31–40 (n=2,087), 41–60 (n=11,665), and 61–80 (n=7,457), 

Black recipients made up 29%, 28%, 22%, and 12%, respectively. On average, Black 

recipients were younger than non-Black recipients (51 vs. 57 years; Table 1). A higher 

proportion of Black recipients were female (33.6% vs. 23.0%), had Medicaid for insurance 

(20.2% vs. 10.1%), and used dialysis (2.3% vs. 1.7%; Table 1). A lower percentage of Black 

recipients had college education (44.0% vs. 50.2%). A higher proportion of Black recipients 

had non-ischemic cardiomyopathy (72.0% vs. 44.6%) and a lower proportion had congenital 

heart disease (1.0% vs. 3.3%) and coronary heart disease (1.9% vs. 4.3%). Black recipients 

had a higher prevalence of hypertension (44.1% vs. 38.5%) and HLA mismatch (66.6% vs. 

57.4%).
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The most pronounced differences in insurance type, cardiomyopathy diagnosis, status 1A, 

and diabetes prevalence between Black and non-Black recipients were among those aged 

18–30 (Table 2). Within recipients aged 18–30, a higher proportion of Black recipients had 

Medicaid insurance (50.0% vs. 26.8%), cardiomyopathy (93.2% vs. 78.7%), diabetes (7.6% 

vs. 2.8%), and hypertension (27.0% vs. 19.4%), compared to non-Black recipients (Table 2). 

Donor age increased with recipient age for both Black and non-Black recipients (Table 3).

3.2 Model of post-transplant mortality

Post-transplant mortality associated with Black race varied by recipient age (p-interaction 

<0.001). There was a significant difference in risk of crude mortality between Black and 

non-Black recipients in each age category (Figure 1). Among recipients aged 18–30, 

mortality for Black vs. non-Black recipients was 14.7% vs. 7.2% one year post-transplant 

and 39.0% vs. 22.8% five years post-transplant (Figure 1a, log-rank p<0.001). Among 

recipients aged 31–40, mortality for Black vs. non-Black recipients was 11.3% vs. 7.8% one 

year post-transplant and 27.8% vs. 17.9% five years post-transplant (Figure 1b, log-rank 

p<0.001). Among recipients aged 41–60, mortality for Black vs. non-Black recipients was 

9.1% vs. 9.2% one year post-transplant and 24.0% vs. 19.4% five years post-transplant 

(Figure 1c, log-rank p<0.001). Among recipients aged 61–80, mortality for Black vs. non-

Black recipients was 14.1% vs. 11.7% one year post-transplant and 26.2% vs. 22.7% five 

years post-transplant (Figure 1d, log-rank p<0.05).

Next, we examined crude five-year post-transplant survival conditional on survival to the 

first year post-transplant. Among recipients who survived to one year post-transplant, crude 

five-year mortality for Black vs. non-Black recipients was 28.4% vs. 16.8% for ages 18–30 

(log-rank p<0.001), 18.6% vs. 11.0% for ages 31–40 (log-rank p<0.001), 16.3% vs. 11.3% 

for ages 41–60 (log-rank p<0.001), and 14.1% vs. 12.5% for ages 61–80 (log-rank p=0.2).

After adjustment for donor, recipient, and transplant characteristics, Black recipients had 

29% higher cumulative risk of mortality compared to non-Black recipients overall (aHR = 

1.29, 95% CI 1.20–1.38, p<0.001). When a race-age interaction term was added in the 

overall adjusted Cox regression model that included all covariates, the interaction term for 

Black recipients aged 18–30 was statistically significant (p<0.001). Black recipients had 

higher cumulative risk of mortality compared to non-Black recipients in the three youngest 

age categories (Table 4, Model 1). The highest disparity was among recipients aged 18–30, 

with Black recipients having over two times the risk of mortality compared to non-Black 

recipients in this age category (aHR = 2.05, 95% CI 1.67–2.51, p<0.001). Among recipients 

aged 31–40 and 41–60, Black recipients had 1.53 (95% CI 1.25–1.89, p<0.001) and 1.20 

(95% CI 1.09–1.33, p<0.001) times higher risk of mortality compared to non-Black 

recipients, respectively (Table 4). Among recipients aged 61–80, there was no significant 

difference in risk of mortality between Black and non-Black recipients (aHR = 1.12, 95% CI 

0.97–1.29, p=0.1). The aHRs for other variables in the model are reported in Supplemental 

Table 1.
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3.3 Further adjustment for recipient characteristics

After further adjustment for recipient college and insurance type, the cumulative aHR of 

mortality among Black recipients aged 18–30 was 1.94 (95% CI 1.58–2.37, p<0.001; Table 

4, Model 2 = Model 1 + college and insurance). For recipients aged 31–40, 41–60, and 61–

80, the cumulative aHR of mortality associated with Black race was 1.45 (95% CI 1.18–

1.79, p<0.001), 1.16 (95% CI 1.05–1.28, p<0.01), and 1.10 (95% CI 0.95–1.27, p=0.2), 

respectively (Table 4, Model 2). After adjustment of the overall model for HLA and PRA, 

the aHR of mortality among Black recipients aged 18–30 was 2.13 (95% CI 1.72–2.64, 

p<0.001), while the aHR of mortality for recipients aged 31–40, 41–60, and 61–80 was 1.55 

(95% CI 1.24–1.93, p<0.001), 1.18 (95% CI 1.06–1.32, p<0.05), and 1.11 (95% CI 0.95–

1.30, p=0.2), respectively (Table 4, Model 3 = Model 1 + HLA and PRA).

When immunosuppression variables were added to the original overall model, the aHR did 

not change significantly for recipients aged 18–30 (aHR = 2.08, 95% CI 1.69–2.55, 

p<0.001), 31–40 (aHR = 1.59, 95% CI 1.28–1.98, p<0.001), nor 41–60 (aHR = 1.23, 95% 

CI 1.11–1.36, p<0.001), but the aHR among Black recipients aged 61–80 increased to 1.19 

(95% CI 1.03–1.38) and became statistically significant (p<0.05; Table 4, Model 4 = Model 

1 + immunosuppression at discharge).

3.4 Time varying hazard associated with Black race in each age category

The aHR of mortality associated with Black race among recipients aged 18–30 was time-

varying (p-interaction race/time post-transplant <0.01). Young Black recipients aged 18–30 

had 2.30 (95% CI 1.60–3.31, p<0.001) times higher risk of mortality in the first year post-

transplant, but the difference was not statistically significant after the first year (aHR= 0.84, 

95% CI 0.54–1.29, p=0.4; Table 4). There were no significant interactions between race and 

time after transplant for ages 31–40 (p=0.5), 41–60 (p=0.07), and 61–80 (p=0.4) consistent 

with Kaplan Meier curves; thus time-varying hazard ratios were not calculated for these age 

categories.

3.5 Sensitivity analysis

When the overall model was restricted to transplants performed in 2012–2017, the 

interaction between age and race among recipients aged 18–30 remained significant 

(p<0.01). The aHR of mortality for Black race among recipients aged 18–30, 31–40, 41–60, 

and 61–80 were 1.89 (95% CI 1.23–2.88, p<0.01), 0.91 (95% CI 0.59–1.41, p=0.7), 1.09 

(95% CI 0.90–1.31, p=0.4), and 0.92 (95% CI 0.71–1.18, p=0.5).

For the sensitivity analysis based on further categorization of the non-Black race groups, 

there continued to be an interaction between race and age among Black recipients aged 18–

30, but no interaction between age and race for any of the other subgroups.

For a sensitivity analysis of center-level variation in management, a shared-frailty analysis 

resulted in the interaction term remaining significant (p<0.001) for Black race and age 

category 18–30. The aHR for recipients aged 18–30, 31–40, 41–60, and 61–80 was 1.96 

(95% CI 1.59–2.41, p<0.001), 1.44 (95% CI 1.17–1.78, p<0.001), 1.14 (95% CI 1.03–1.26, 

p<0.05), and 1.07 (95% CI 0.97–1.24, p=0.3).
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3.6 Cause of Death

Among recipients aged 18–30, the most common known causes of death were 

cardiovascular and graft failure for both Black (29.5% and 24.6%, respectively) and non-

Black recipients (28.3% and 22.8%, respectively, Table 5). In contrast, among Black 

recipients aged 61–80, though 21.0% of causes of death were unknown, cardiovascular and 

graft failure made up only 14.5% and 12.5% of causes of death, respectively. Overall, 15.4% 

of deaths of recipients had a missing or unknown cause.

4. DISCUSSION

In this national registry study of adult heart transplant recipients, we found that the risk of 

mortality associated with Black race in aggregate, indiscriminate of age, was 1.29 (95% CI 

1.20–1.38), which is consistent with the population-based data reported in the literature.
1,2,5,6,9 However, focusing on aggregate data, as has been done in the literature, masks the 

highest-risk subgroup of young Black recipients, aged 18–30 years, who we found had over 

two times the risk of mortality relative to comparable young non-Black recipients after 

adjustment for recipient, donor, and transplant characteristics. Adjusting for socioeconomic 

variables college and education, HLA and PRA, and immunosuppression variables did not 

account for the racial disparity.

Among the older three age categories, there was no interaction between race and age. There 

were racial differences in the 31–40 and 41–60 age categories with Black recipients having 

higher risk of mortality, but no difference between Black and non-Black recipients in the 61–

80 age category after adjustment. Of note, racial differences in survival in the 31–40 and 41–

60 age categories was no longer found to be significant in the recent era (2012–2017), but 

the difference persisted among recipients aged 18–30. Improvements over time in 

transplantation, technique and/or management, may have benefited mostly older recipients.

Clinical decision-making can be flawed when assumptions regarding outcomes are 

generalized from population-based studies instead of tailoring to subgroups who may have 

fundamentally different risk factors, including severity of disease and response to 

immunosuppression, as well as access to resources. Overall, Black recipients are not only at 

higher risk of advancing to end-stage heart disease, requiring transplant at earlier ages, but 

disparities in cardiovascular health may also be contributing to higher risk of post-transplant 

mortality at younger ages than previously recognized.10–15,25 In our study, young Black 

recipients aged 18–30 had a clinical picture very distinct from young non-Black recipients, 

with the former having higher prevalence of non-ischemic dilated cardiomyopathy as 

indication for transplant and higher prevalence of hypertension and diabetes. While 

adjustment for co-morbidities and indication for transplant did not explain the elevated risk 

of mortality among young Black recipients, severity of disease may not be fully captured in 

these variables.

Liu et al. analyzed cause of death data using UNOS and found that Black recipients were 

more likely to die from graft failure or cardiovascular causes and less likely to die from 

infection or malignancy compared to white recipients.6 However, the analysis was not 

performed by age categories. By analyzing based on age of recipients, we were able to find a 
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stark contrast in the cause of death between young and older Black recipients with a higher 

proportion of young recipients dying due to cardiovascular and graft failure causes. 

Unfortunately, the level of missing/unknown cause of death warrants cautious interpretation. 

Given graft failure made up a higher proportion of causes of death in young compared to 

older Black recipients, a key area for further research to improve graft survival is optimizing 

immunosuppression management and regimens especially in the first year post-transplant for 

young Black recipients.

We not only identified a high-risk subgroup, but we also illuminated a “window of 

opportunity” in the first year post-transplant, when the disparity was most prominent for 

recipients aged 18–30 and when better surveillance and further research have the potential 

for significant improvement in outcomes. The first year post-transplant furthermore has been 

found to be a period when the main causes of death for transplant recipients have been 

characterized as primary graft failure, infections, and rejections; graft failure and rejections 

have also been found to be more common causes of death among younger recipients in the 

literature.17 A smaller study of 7,013 heart recipients by Tallaj et al. (2015) briefly touched 

upon both race and age when assessing heart transplant outcomes, finding that the 

interaction of age and ethnicity was significant in the “late phase,” defined by the study as 

“relatively low, gradually increasing risk” five years after transplant, while in our study, the 

risk was significantly higher for young Black vs. non-Black recipients aged 18–30 in the 

first year post-transplant. Our study expands on the prior work as we were able to quantify 

these effects in finer detail due to our use of national registry data.26 Specifically, we were 

able to analyze the interaction of age and race for cumulative mortality as well as time-

varying mortality, and we did so in a more recent era of transplantation, 2005–2017 (with 

sensitivity analysis of 2012–2017) vs. 1990–2008. Our analysis provides more generalizable 

findings for the existing nature of the disparity and the timeline of risk among young Black 

recipients in order to design more targeted interventions and research.

Possible mechanisms driving the overall increased risk we observed among young Black 

recipients might also explain the time-varying risk we observed within this subgroup 

compared to the moderate but consistent risk in the 31–40 and 41–60 age groups. More 

severe illness and co-morbidities prior to transplant may result in a higher early risk of 

mortality from surgical complications for Black recipients aged 18–30. More financial 

limitations in the youngest age category may also influence ability to remain adherent to 

follow-up visits and medications in the post-transplant period where risk of immune 

response is otherwise high.7,17 This registry-based study does not allow for granular 

consideration of potential mechanisms, but we hope this work will spur further research to 

investigate the mechanisms underlying this disparity.

We utilized the United Network of Organ Sharing (UNOS) data collection form 

classification for race and grouped our study recipients into Black and non-Black recipients. 

We recognize that race is a social, not biological, construct. We have attempted to identify 

subgroups within racial categories at higher risk of post-transplant mortality to highlight the 

need for targeted interventions and improved care within these populations. We are not 

ascribing high risk to Black race, but forced to use registry-defined race as a proxy for the 
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systemic racism and oppression that is associated with healthcare disparities we observed in 

the current study.6

Strengths of our study include a large national database and twelve years of data, which 

allowed us to reliably detect an interaction between race and age for post-transplant 

mortality among young recipients. Unfortunately, we were limited in not having 

immunosuppression levels nor immunosuppression changes after discharge, as well as 

having missing data for cause of death and rate of graft loss. However, we were able to link 

the data to the Social Security Death Master File for our primary outcome of cumulative 

mortality, and this is considered a reliable outcome from this registry. In addition, we had 

access to data for analyzing co-morbidities, indication for transplant, and transplant 

characteristics that allowed us to examine clinical differences by race, to adjust for these 

characteristics in order to get a better estimate of the racial disparities by age, and to analyze 

potential mediators.

In conclusion, this study identified young Black recipients as a high-risk subgroup in the 

first year after transplant, which has been masked in decades of research looking at the 

disparities between Black and non-Black recipients in aggregate. Clinical decision-making 

and clinical trials should be better individualized based on the unique set of risk factors 

mediating higher risk of mortality among young Black recipients in order to reduce long-

standing disparities in heart transplant outcomes.
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HT Heart Transplant

IS Immunosuppression
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PRA Panel reactive antibody

SRTR Scientific Registry of Transplant Recipients
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Figure 1. Racial Disparities in Post-heart Transplant Survival within Age Categories.
Among recipients aged 18–30, mortality for Black vs. non-Black recipients was 14.7% vs. 

7.2% one year post-transplant and 39.0% vs. 22.8% five years post-transplant (a). Among 

recipients aged 31–40, mortality for Black vs. non-Black recipients was 11.3% vs. 7.8% one 

year post-transplant and 27.8% vs. 17.9% five years post-transplant (b). Among recipients 

aged 41–60, mortality for Black vs. non-Black recipients was 9.1% vs. 9.2% one year post-

transplant and 24.0% vs. 19.4% five years post-transplant (c). Among recipients aged 61–80, 

mortality for Black vs. non-Black recipients was 14.1% vs. 11.7% one year post-transplant 

and 26.2% vs. 22.7% five years post-transplant (d).
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Table 1.

Heart Transplant Recipient Characteristics, by Race.

Variable Black* (n= 4,594) non-Black
†
 (n= 18,403) p-value

Age, median (IQR) 51 (18–59) 57 (48–63) <0.001

Female (%) 33.6 23.0 <0.001

Insurance <0.001

 Medicaid (%) 20.2 10.1

 Medicare (%) 36.3 32.5

 Private (%) 38.9 53.8

 Other (%) 4.6 3.7

Dialysis (%) 2.3 1.7 <0.05

College education (%) 44.0 50.2 <0.001

Diagnosis <0.001

 Cardiomyopathy (%) 95.0 90.0

  Ischemic dilated (%)
‡ 19.1 39.6

  Non-ischemic dilated (%)
‡ 72.0 44.6

  Restrictive (%)
‡ 2.9 2.8

  Hypertrophic (%)
‡ 1.0 2.7

 Congenital heart disease (%) 1.0 3.3

 Coronary heart disease (%) 1.9 4.3

 Other 2.1 2.8

Hypertension 44.1 38.5 <0.001

Diabetes mellitus 25.3 25.2 0.8

HLA mismatch
§ 66.6 57.4 <0.001

Immunosuppression induction <0.001

 None 46.7 49.5

 Thymoglobulin 14.9 14.9

 IL-2 31.0 27.7

Other, multiple agents 7.4 7.9

Immunosuppression maintenance

 Tacrolimus 86.6 80.6 <0.001

 Mycophenolate mofetil 94.0 93.3 <0.05

 Steroids 91.6 92.0 0.3

Era of transplant: 2012–2017 50.0 45.9 <0.001

*
Black=Black or African American.

†
non-Black included Caucasian (84.8%), Hispanic/Latino (9.9%), Asian (4.0%), American Indian or Alaska Native (0.4%), Native Hawaiian 

(0.4%), or other/unspecified (0.5%).

‡
Percentage of all listed diagnoses. HLA = human leukocyte antigen;

§
HLA mismatch defined as ≥ 5 antigen mismatches.
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