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Abstract 
The Model for End-Stage Liver Disease score may have eliminated racial disparities on the 

waitlist for liver transplantation (LT), but disparities prior to waitlist placement have not been 

adequately quantified. We aimed to analyze differences in patients who are listed for LT, 

undergo transplantation, and die from end-stage liver disease (ESLD), stratified by state and 

race/ethnicity. We analyzed two databases retrospectively – the Center for Disease Control 

Wide-ranging OnLine Data for Epidemiologic Research (CDC WONDER) and the United 

Network for Organ Sharing (UNOS) databases from 2014-2018. We included patients aged 

25-64 years who had a primary cause of death of ESLD and listed for transplant in the CDC 

WONDER and UNOS databases, respectively. Our primary outcome was the ratio of listing 

for LT to death from ESLD – listing to death ratio (LDR). Our secondary outcome was the 

transplant to listing and transplant to death ratios. Chi-squared and multivariable linear 

regression evaluated for differences between race/ethnicity. 135,367 patients died of ESLD, 

54,734 patients were listed for transplant, and 26,571 underwent transplant. Patients were 

mostly male and White. The national LDR was 0.40, significantly lowest in Black patients 

(0.30), p<0.001. The national transplant to listing ratio was 0.48, highest in Black patients 

(0.53), p<0.01. The national transplant to death ratio was 0.20, lowest in Black patients 

(0.16), p<0.001. States that had an above-mean LDR had a lower transplant to listing ratio, 

but higher transplant to death ratio. Multivariable analysis confirmed Black race is 

significantly associated with a lower LDR and transplant to death ratio. Conclusion: Black 

patients face a disparity in access to LT due to low listing rates for transplant relative to 

deaths from ESLD. 

Introduction
Liver disease is increasingly common in the United States and is associated with 

significant costs, morbidity, and mortality(1,2). Once complications develop from end-stage 

liver disease (ESLD), liver transplantation (LT) is the only curative therapy(3). Although, the 

annual number of LTs are increasing, peaking in 2019 at 8,896(4), access to LT remains 

limited, unequal (5–7), and does not meet the current demand given dramatic rises in death 

due to cirrhosis and hepatocellular carcinoma (HCC)(8). A
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Unfortunately, vulnerable populations face significant disparities in listing and 

transplant(9). Black patients have long had poor access to LT compared to White 

patients(10–13), but the implementation of the objective laboratory-based Model for End-

Stage Liver Disease (MELD) as the basis for organ allocation neutralized racial disparities 

for patients already on the waitlist(14). 

While most transplant-related disparities research has focused on outcomes involving 

patients already on the waitlist, it is likely that substantial obstacles are faced prior to waitlist 

placement. Studies have demonstrated that Black patients were less likely to be referred for 

LT evaluation(15,16) and even when referred were less likely to pursue care at an LT 

center(17). While racial disparities on the waitlist for LT have improved(14), those prior to 

waitlist placement have likely a profound but unmeasured impact. Therefore, this study 

aimed to quantify racial, ethnic, and state-specific differences in patients who are listed for 

liver transplant, undergo transplantation, and die from ESLD.

Methods
Databases and Study Samples

This study utilized two databases – the Center for Disease Control Wide-ranging 

OnLine Data for Epidemiologic Research (CDC WONDER) and the United Network for 

Organ Sharing Standard Transplant Analysis and Research (UNOS STAR) file. The CDC 

WONDER database is a publicly available database that provides data on mortality as well 

as causes of death. It is maintained by National Center for Health Statistics and updated 

annually, with the most recent data being from 2018. Data are based on death certificates 

that must contain at least one cause of death. Additionally, demographic information 

(including age, gender, ethnicity, and race) as well as location and year of death are 

available. 

The CDC WONDER database was queried for adults (age 25-64 years) who died as 

a result of ESLD between 2014-2018. The decision to include ages 25-64 was to ensure we 

identified adults within the typical LT age range within the confines of the given CDC 

WONDER age ranges. The age range below (15-24) included children and the range above A
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(65-74) included too many older patients that may not be considered for LT at an advanced 

age. We defined death due to ESLD as any diagnosis of cirrhosis (K74.4, K74.5, K74.6, 

K70.3, K71.7) or hepatic failure (K72*, K70.4). In contrast to a previous study using any liver 

disease as a primary or secondary diagnosis(18) as well as a study by Tapper et al.(8), 

which included diagnosis codes for cirrhosis only, we included additional ICD-10 diagnosis 

codes for patients who died of hepatic failure, because of the high associated short-term 

liver-related mortality as well as the fact that two of these diagnoses (K72.90 and K72.91) 

were noted to be highly specific for hepatic encephalopathy(19). We also included K71.7, 

which includes toxic liver disease with fibrosis and cirrhosis of the liver and is very specific 

for cirrhosis(20). A group of patients with hepatocellular carcinoma (HCC) (C22.0) was also 

analyzed irrespective of their status of having end-stage liver disease. We included only 

states that had active LT centers for the duration of the study(21).

We also analyzed the UNOS STAR file from 2014-2018. We included all patients who 

were waitlisted for LT during the period who were between the ages of 25-64 at the time of 

listing in a state with a transplant center (17,949 patients were excluded). We excluded 

patients who were waitlisted in territories and not US states, except Washington, D.C due to 

low LT volume and because they were not specified in the CDC WONDER database. 

Outcomes and Analytic plan

In order to quantify disparities, we developed three new ratios to compare access to 

need. The primary outcome was listing to death ratio (LDR), which was calculated by the 

number of patients listed for LT divided by the number of patients who died of ESLD. This 

novel ratio was designed to evaluate how effectively states were listing patients for LT 

compared to the number of patients dying of ESLD. As an example, an LDR of closer to 0 

represents a state that is not listing enough patients for transplant. LDR was calculated for 

each state and overall. The secondary outcomes included the transplant to listing ratio and 

the transplant to death ratio. The transplant to listing ratio was calculated by the number of 

patients who underwent LT divided by the number of patients listed for LT. This ratio was 

designed to evaluate how efficiently centers within a given state transplanted their waitlist. A A
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transplant to listing ratio of 1 means all patients who are listed are transplanted. The 

transplant to death ratio was calculated by the number of patients who undergo LT divided 

by the number of patients who died of ESLD in a given state. This ratio is the product of the 

LDR and rate of transplantation from the waitlist. 

All outcomes were stratified by both state and race. State was chosen as the unit of 

measurement because it is the smallest available unit in both datasets and has unique racial 

and ethnic makeups that may be underappreciated if UNOS regions were used instead. 

Given definitions by the databases, race and ethnicity were combined and hereafter referred 

to as race/ethnicity. The four race/ethnicities that were analyzed were non-Hispanic White 

(hereafter referred to as White), non-Hispanic Black (hereafter referred to as Black), 

Hispanic, and Asian. American Indian, included as a separate race in both databases, was 

specifically excluded as too many states had suppressed values and very low numbers of 

patients listed. 

We performed chi-squared or Fisher’s exact test for differences between races when 

comparing ratios. Since we were using multiple comparisons, we considered a p-value < 

0.017 (0.05 divided by the three comparator groups) as significant. White patients were the 

reference group given they were the largest race/ethnicity and frequently the reference 

group in disparity literature. In some states, the number of deaths for a given race/ethnicity 

was too low and therefore suppressed in the CDC WONDER database to prevent possible 

identification of a deceased patient. For these states, their listing to death ratio and 

transplant to death ratio were incalculable, and no ratios were reported. Heat maps were 

created to visualized differences between states.

Finally, we performed multivariable linear regression for each of the outcomes of 

interest. For the LDR, we controlled for state Community Health Score (CHS), divided into 

quartiles, as discussed in a prior study(22). For the transplant to listing ratio and the 

transplant to death ratio, we controlled for the mean donor risk index (DRI) by centers in a 

given state and CHS quartile. DRI was chosen as it is an objective measurement that can 

assess aggressiveness of centers in a given state.
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Results
Sample Characteristics

In the CDC WONDER database, there were 135,367 patients who died of ESLD over 

the study period. Most patients were between 45-64 years old (120,078, 89%) and male 

(93,712, 69%). White was the most common race/ethnicity (91,991, 68%), followed by 

Hispanic (21,207, 16%), Black (15,765, 12%), and Asian (3,105, 2%). There were 23,022 

(17%) patients who died with HCC. Raw numbers overall and for each race/ethnicity are 

listed in Supplemental tables 1-5.

In the UNOS database, there were 54,734 patients listed for LT over the study period. 

Patients who were listed were a mean 53 years old and mostly male (35,057, 64%). White 

was the most common race/ethnicity (37,913, 69%), followed by Hispanic (8,779, 16%), 

Black (4,785, 9%), and Asian (2,430, 4%) (Figure 1). The most common etiology of liver 

disease was alcohol-related liver disease (15,677, 29%), which was more common in White 

and Hispanic patients. Viral hepatitis was more common in Black and Asian patients. There 

were 12,984 (24%) patients with HCC. Patients who were transplanted were significantly 

more likely to be male (66% vs. 62%), White (70% vs. 68%), Black (9% vs. 8%), and have 

HCC (28% vs. 19%), all p<0.001. There were no major differences in etiology by race in 

regard to patients who were and were not transplanted.

Listing to Death Ratio (LDR)

The overall LDR was 0.40 (54,734 listed to 135,367 died of ESLD). There was wide 

variability between states with an interquartile range of 0.30-0.46 and a range of 0.20-

1.07(Oregon and Maryland, respectively). The highest LDRs clustered in the Northeast and 

lowest in the Southeast and Northwest (Figure 2A). 

The LDR for Black patients was 0.30 and was significantly lower than White (0.41), 

Hispanic (0.41), and Asian (0.79) patients, p<0.001. Table 1 demonstrates differences in 

states between race/ethnicities with White patients as the reference. 

In multivariable linear regression, when controlling for CHS quartile, Black patients 

were associated with a lower LDR (regression coefficient -0.16, 95% CI -0.28-[-]0.05, A
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p=0.007) (Table 2). In this model, worse CHS quartile was also associated with stepwise 

decrease in LDR.

Transplant to Listing Ratio

The overall transplant to listing ratio was 0.48 (26,571 transplanted and 54,734 

waitlisted), interquartile range 0.45-0.60, and range of 0.33-0.73 (Colorado and Mississippi, 

respectively). The highest transplant to listing ratios tended to cluster in the Southeast with 

lower ratios in the Northeast (Figure 2B). 

States that had an above mean transplant to listing ratio (>0.49) had a lower mean 

listing to death ratio (LDR) compared to those at or below the mean transplant to listing ratio 

(0.22 vs. 0.31, p<0.001). Similarly, states that had at or below mean LDR (<0.24) had a 

higher transplant to listing ratio (0.58 vs. 0.46, p<0.001). Of the 21 states that transplanted 

more than half their waitlist (>0.50), only Georgia, Nebraska, Washington DC, and Illinois 

had an LDR above the national mean. 

Black patients had the highest transplant to listing ratio 0.53, compared to White 

(0.49), Asian (0.46), and Hispanic (0.46) patients, all p<0.01 (Table 3). Despite large 

absolute differences in ratios between race/ethnicities in states, there were no significant 

differences in transplant to listing ratio between race/ethnicities within any of the individual 

states.

In multivariable linear regression, when controlling for CHS quartile and DRI, there 

were no significant differences in race/ethnicity and transplant to listing ratio (Table 2). 

Worse CHS quartile was also associated with an increased transplant to listing ratio.

Transplant to Death Ratio 

The overall transplant to death ratio was 0.20 (26,571 transplanted and 135,367 died 

of ESLD). There was substantially less variability than in the LDR and transplant to listing 

ratio with an interquartile range of 0.17-0.24 with a range of 0.11-0.48 (Oregon and 

Maryland, respectively). A heat map of transplant to death ratio is shown in Figure 2C. 
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States that had an above average transplant to death ratio (> 0.20) had a significantly higher 

LDR (0.54 vs. 0.32, p<0.001) but not transplant to listing ratio (0.53 vs. 0.52, p>0.05). 

Asians had the highest transplant to death ratio (0.37) followed by White (0.20), 

Hispanic (0.18), and Black (0.16) patients, each p<0.001 when compared to other 

race/ethnicities. Table 4 demonstrates state-specific differences in transplant to death ratios.

In multivariable linear regression, when controlling for CHS quartile and DRI, Black 

patients were associated with a lower transplant to death ratio (regression coefficient -0.08, 

95% CI -0.14-[-]0.03, p=0.003) (Table 2). There were no differences noted with CHS 

quartile, while increased DRI was associated with increased transplant to death ratio 

(regression coefficient 0.44, 95% CI 0.24-0.64, p<0.001).

Discussion
Racial and ethnic disparities have plagued the liver transplantation process since its 

inception, particularly for Black patients(10,11). The adoption of the MELD score appeared 

to ameliorate these disparities due to its objective nature of using laboratory values, but this 

benefit was only assessed for patients already on the waitlist(14). Therefore, we 

hypothesized that because Black patients are referred less often for LT(15–17), among other 

potential disadvantages, there would be observed disparities in the ratio of patients listed for 

LT compared to those who died from ESLD (LDR). 

Our analysis demonstrates that Black patients continue to face a disparity in access 

to LT as a result of low listing rates relative to deaths from ESLD. Moylan et al noted that 

waitlist outcomes in races and ethnicities had resolved because of the MELD score(14), but 

this study only measured the outcomes in patients who were already listed for transplant, or 

in other words, the transplant to listing ratio. This is an important metric as most patients with 

ESLD who do not get transplanted will ultimately die on the waitlist. We did find that Black 

patients had a transplant to listing ratio above other races suggesting MELD does address 

outcomes once listed. However, our study expands upon this important work by increasing 

the denominator to include not only waitlisted patients but all patients with ESLD. By A
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accounting for all deaths from ESLD, the disadvantage faced by Black patients becomes 

clear as they are placed on the waitlist at a lower rate compared to other race/ethnicities in 

terms of need as measured by ESLD deaths. Even when controlling for CHS, this significant 

disparity persists. While having a numerically higher transplant to listing ratio, multivariable 

analysis demonstrates that Black patients do not have a significant advantage in 

transplantation rate. The transplant to death ratio is the key and final measurement – it 

assesses the rate of patients saved from ESLD with the only curative therapy, 

transplantation. The inability of Black patients to overcome a low listing rate (LDR) is also 

experienced generally by several states (such as Florida, Tennessee, Alabama, South 

Carolina, Indiana) who have low listing rates, compensatory high transplant rates of patients 

on the waitlist, but still and most importantly, low transplant to death ratios. 

There are many steps in the process of being placed on the waitlist for LT, and 

therefore, many potential roadblocks to listing vulnerable patients. ESLD first needs to be 

identified and patients need to be referred to a transplant center. Black patients are referred 

at lower rates(15,16) and were much less likely to understand the LT process(17). Beyond 

the referral itself, appropriate timing is critical, especially in patients with HCC, which 

presents as more advanced in Black patients(23). Insurance is another key factor in access 

to LT; Black patients are more likely to be uninsured(24) or have public insurance(25), which 

is associated with poor access to listing and LT(26). One disadvantage that has been 

recently overcome is the previously poor outcomes for Black patients with hepatitis C(7) that 

now is treated equally successfully with direct-acting antivirals in all races/ethnicities. All of 

these factors, with the exception of hepatitis C, limit transplant candidacy prior to waitlist 

placement and may be missed in an analysis solely focused on waitlist outcomes. 

However, it is unclear why Black patients have higher rates of transplantation while 

on the waitlist. A possible explanation includes a higher prevalence of hepatitis C and HCC, 

which was more common in patients who were transplanted because of MELD exception 

points. However, prior studies show that Black patients with HCC were nearly 50% less 

likely to be transplanted than White patients(27,28). Additionally, our multivariable analysis 

demonstrates that the transplant to listing ratio is not significantly different for any A
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race/ethnicity. In contrast, Hispanic patients, who were more frequently listed than White 

patients, had the lowest likelihood of being transplanted while on the waitlist, again, while 

acknowledging that this was not borne out in multivariable analysis. Still, tracking outcomes 

in Hispanic patients will be crucial as they suffer from similar social determinants of health as 

Black patients(29), have the highest age-adjusted rates of HCC(30), and a high burden from 

nonalcoholic fatty liver disease(31). The excellent outcomes in Asian patients are likely 

explained by the high rates of and improved survival with HCC(32).

The efficiency of transplanting patients on the waitlist, the transplant to listing ratio, is 

reliant on center-specific factors within states such as organ availability, acceptance of 

organs, and median MELD at transplant, which varies widely(33). For this reason, we 

included DRI in our multivariable regression and found that it was not associated with an 

increased transplant to listing ratio. Certainly, in states that have more aggressive transplant 

centers, increasing transplant efficiency will be extremely challenging, while states that are 

less aggressive have a potential path forward to increase their transplantation rates. This is 

further bolstered by the finding that increased DRI was significantly associated with a higher 

transplant to death ratio. Additionally, because a high transplant to listing ratio was not 

shown to be associated with a higher transplant to death ratio, we hypothesize that the 

impact of the new acuity circles policy on transplant to death ratio, the most important metric, 

will not be significant. However, future research on its this topic is needed to prove this 

hypothesis correct.

Our analysis is limited in that it cannot differentiate why patients were not listed for 

LT, why patients were not transplanted, and what organ offers were turned down. States that 

listed smaller proportions of their populations who died of ESLD tended to transplant their 

waitlist more efficiently, but this did not overcome the initial lower LDR as measured by the 

transplant to death ratio. The most desirable outcome is a high transplant to death ratio – 

which was present in states like Maryland (very high LDR but low transplant to listing ratio) 

as well as Georgia, Nebraska, and Wisconsin (all with both a high LDR and high transplant 

to listing ratio). Clearly, the LDR needs to be high to have a high transplant to death ratio.
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Furthermore, the finding of an inverse relationship of rates of listing for transplant to 

transplant efficiency of patients already on the waitlist carry major implications for how 

disparity research can be performed in the field of LT. There is reliance on the UNOS 

database(7,14,26), which is excellent at characterizing disparities once patients are placed 

on the waitlist, but this type of analysis will miss disparities occurring prior to listing. Black 

patients are only one of likely several groups that suffer from having a low LDR. Other 

potentially vulnerable groups include patients with Medicaid insurance, who are sicker at 

time of listing(26), those from rural areas, who live farther from LT centers, and women who 

already face unequal access to LT while on the waitlist(5,34–36). Patients who live in rural 

areas and far from LT centers likely have poor access to subspecialty care, reducing the 

likelihood of initial referral for LT. These vulnerable groups warrant more attention in terms of 

frequency and timeliness of referral for LT.

The major limitations of this study include a lack of granularity with patient data and 

geographic data. Due to database limitations, we were unable to obtain reasons for why 

patients were not listed for LT and were unable to confirm which patients identified in the 

UNOS database and died were present in the CDC WONDER database. There were likely 

some patients on the waitlist who may have died for other reasons (such as an accident, 

myocardial infarction, or non-liver malignancy) and were coded as dying of ESLD. In 

addition, administrative error in coding for causes of death could be present.  But these 

differences are likely to be non-directional and equal between states and races/ethnicities. 

Our geographic limitations were notable for the heterogeneous nature of the states 

themselves. Patients may also live in areas where it is geographically closer to an LT center 

in a different state, which can alter any of the three ratios. Additionally, because a state has 

an LT center does not mean it is geographically convenient for patient to receive care, and 

distance from an LT center plays an important role in outcomes(34). Measuring state 

statistics alone may under or overestimate the impact of distance to an LT center. Finally, it 

is worthwhile noting that our analysis excluded patients at both low and high ages (< 25 

years old and > 64 years old) and therefore the numbers seen in this study may not align 
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with previously published numbers that include the entire transplant or death due to ESLD 

population.

In conclusion, there is significant variability between the ratios of listing for LT, 

receiving LT, and dying from ESLD in the United States. Importantly, the states that had the 

most successful outcomes (high transplant to death ratios) had very high rates of listing 

(LDR). This analysis exposed a significant disparity for Black patients, who had the lowest 

LDR and poor access to listing for LT, which was previously underappreciated. Identification 

of this disparity is crucial as it highlights where disadvantage lies – for Black patients, this is 

prior to transplant listing. Therefore, further efforts including education, outreach, and 

disease recognition are required in order to improve Black patients’ LDR and equalize 

outcomes for all race/ethnicities. 
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Table 1 – Listing to Death Ratio, Stratified by State and Race/Ethnicity

* Denotes p<0.017

Blank rows include death totals that are suppressed 
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Table 2 – Multivariable linear regression analysis

* < 0.05; ** < 0.01; *** < 0.001

CHS – community health score 
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Table 3 – Transplant to Listing Ratio, Stratified by State and Race/Ethnicity

* Denotes p<0.017
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Table 4 – Transplant to Death Ratio, Stratified by State and Race/Ethnicity

* Denotes p<0.017

Blank rows include death totals that are suppressed
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Figure 1 – Breakdown of Race/Ethnicity for Patients Who Died from Advanced Liver 

Disease and Patients Who Were Listed for Liver Transplant
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Figure 2 – Heat Maps for LDR, TLR, and TDR stratified by States

Figure 2A depicts the listing to death ratio across states. Figure 2B depicts the transplant to 

listing ratio. Figure 2C depicts the transplant to death ratio. In all figures, the darker the state 

the higher the ratio

LDR – listing to death ratio; TLR – transplant to listing ratio; TDR – transplant to death ratio
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Table 1 – Listing to Death Ratio, Stratified by State and Race/Ethnicity 

State Overall White Hispanic Black Asian 

Total 0.26 0.41 0.41 0.30* 0.79* 

Alabama 0.31 0.28 0.36 0.18 

 Arizona 0.34 0.37 0.32 0.45 0.50 

Arkansas 0.45 0.35 0.35 0.23 

 California 0.43 0.44 0.43 0.29* 0.79* 

Colorado 0.43 0.50 0.30* 0.27* 0.80 

Connecticut  0.67 0.42 0.41 0.45 1.05* 

District of 

Columbia 0.26 2.21 0.60* 0.42* 

 Florida 0.41 0.24 0.43* 0.21 0.36 

Georgia  0.35 0.44 0.28* 0.30* 0.82* 

Hawaii 0.46 0.32 0.20 

 

0.26 

Illinois 0.26 0.47 0.56* 0.31* 0.84* 

Indiana 0.38 0.26 0.25 0.19 0.78* 

Iowa 0.41 0.40 0.24 0.20* 0.40 

Kansas 0.35 0.43 0.47 0.28* 

 Kentucky  0.37 0.36 0.41 0.16* 0.29 

Louisiana 1.07 0.41 0.32 0.27* 1.04 

Maryland 0.64 1.26 1.01 0.76* 1.05 

Massachusetts 0.36 0.63 0.71 0.55 1.16* 

Michigan 0.49 0.39 0.33 0.22* 0.63 

Minnesota 0.32 0.52 0.26* 0.46 0.88* 

Mississippi 0.34 0.37 0.42 0.21 0.00 

Missouri 0.58 0.35 0.31 0.25 0.59 

Nebraska 0.53 0.61 0.37 0.33 

 New Jersey 0.63 0.52 0.54 0.41* 1.09* 

New York 0.23 0.58 0.76* 0.53 1.35* 

North Carolina  0.37 0.24 0.23 0.16* 0.66* A
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Ohio  0.28 0.38 0.43 0.21* 1.03* 

Oklahoma  0.20 0.32 0.23 0.15* 0.68 

Oregon  0.60 0.19 0.19 0.14 0.45* 

Pennsylvania  0.21 0.61 0.76 0.47* 0.79 

South Carolina  0.28 0.23 0.16 0.12* 0.27 

Tennessee 0.42 0.27 0.42 0.30 0.62* 

Texas  0.49 0.50 0.33* 0.34* 0.83* 

Utah 0.38 0.49 0.55 

 

0.38 

Virginia  0.30 0.40 0.50 0.20* 0.94* 

Washington 0.59 0.30 0.31 0.22 0.48* 

Wisconsin 0.40 0.60 0.60 0.40* 0.92 

* Denotes p<0.017 

Blank rows include death totals that are suppressed  
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Table 2 – Multivariable linear regression analysis 

Variable Listing to death 

ratio 

Transplant to listing 

ratio 

Transplant to death 

ratio 

 Regression coefficient (95% confidence interval) 

Race/Ethnicity    

White REF REF REF 

Black -0.16  

(-0.28-[-]0.05)** 

0.02  

(-0.04-0.08) 

-0.08  

(-0.14-[-]0.03)** 

Hispanic -0.06  

(-0.18-0.05) 

0.00  

(-0.06-0.06) 

-0.03  

(-0.08-0.02) 

Asian 0.24  

(0.12-0.35)*** 

-0.03  

(-0.09-0.03) 

0.12  

(0.07-0.18)*** 

CHS quartile    

1 (Top) REF REF REF 

2 -0.09  

(-0.21-0.03) 

0.06  

(0.005-0.12)* 

-0.03  

(-0.08-0.03) 

3 -0.17  

(-0.28-[-]0.06)** 

0.09  

(0.03-0.15)** 

-0.04  

(-0.09-0.02) 

4 (Bottom) -0.23  

(-0.35-[-]0.11)*** 

0.10  

(0.04-0.16)** 

-0.03  

(-0.09-0.03) 

Donor risk 

index 

 -0.06  

(-0.27-0.15) 

0.44 

(0.24-0.64)*** 

* < 0.05; ** < 0.01; *** < 0.001 

CHS – community health score; ECD – extended criteria donor percent 
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Table 3 – Transplant to Listing Ratio, Stratified by State and Race/Ethnicity 

State Overall White Hispanic Black Asian 

Total 0.48 0.49 0.43 0.53 0.46 

Alabama 0.66 0.66 0.40 0.64 0.69 

Arizona 0.60 0.60 0.58 0.58 0.62 

Arkansas 0.59 0.59 0.85 0.65 0.38 

California 0.41 0.40 0.42 0.43 0.45 

Colorado 0.33 0.34 0.30 0.30 0.54 

Connecticut  0.40 0.39 0.37 0.39 0.48 

District of 

Columbia 

0.51 0.51 0.50 0.52 0.33 

Florida 0.61 0.62 0.57 0.61 0.68 

Georgia  0.62 0.61 0.53 0.67 0.66 

Hawaii 0.55 0.48 0.63 0.00 0.00 

Illinois 0.50 0.52 0.44 0.54 0.47 

Indiana 0.70 0.71 0.65 0.62 0.57 

Iowa 0.51 0.51 0.58 0.78 0.50 

Kansas 0.57 0.56 0.64 0.52 0.71 

Kentucky  0.46 0.45 0.71 0.56 0.25 

Louisiana 0.65 0.66 0.75 0.61 0.69 

Maryland 0.45 0.43 0.39 0.51* 0.37 

Massachusetts 0.40 0.40 0.39 0.37 0.42 

Michigan 0.50 0.49 0.53 0.53 0.59 

Minnesota 0.49 0.49 0.65 0.42 0.50 

Mississippi 0.73 0.76 0.13 0.69  

Missouri 0.57 0.57 0.67 0.61 0.50 

Nebraska 0.54 0.53 0.50 0.64 0.63 

New Jersey 0.42 0.42 0.36 0.52 0.39 

New York 0.39 0.39 0.36 0.44 0.40 

North Carolina  0.56 0.55 0.50 0.65 0.48 A
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Ohio  0.57 0.57 0.61 0.51 0.51 

Oklahoma  0.41 0.40 0.41 0.42 0.54 

Oregon  0.55 0.58 0.50 0.60 0.40 

Pennsylvania  0.45 0.45 0.39 0.47 0.41 

South Carolina  0.69 0.69 0.78 0.67 0.67 

Tennessee 0.68 0.67 0.72 0.73 0.75 

Texas  0.40 0.39 0.40 0.44 0.43 

Utah 0.55 0.55 0.56 0.67 0.63 

Virginia  0.52 0.51 0.53 0.58 0.50 

Washington 0.50 0.50 0.55 0.54 0.49 

Wisconsin 0.47 0.47 0.55 0.33 0.50 

* Denotes p<0.017 
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Table 4 – Transplant to Death Ratio, Stratified by State and Race/Ethnicity 

State Overall White Hispanic Black Asian 

Total 0.20 0.20 0.18* 0.16* 0.37* 

Alabama 0.17 0.18 0.14 0.11*  

Arizona 0.19 0.22 0.18 0.26 0.31 

Arkansas 0.20 0.20 0.30 0.15  

California 0.18 0.18 0.18 0.12* 0.35* 

Colorado 0.14 0.17 0.09* 0.08 0.43* 

Connecticut  0.17 0.17 0.15 0.17 0.50* 

District of 

Columbia 

0.34 1.12 0.30* 0.22*  

Florida 0.16 0.15 0.25* 0.13 0.25 

Georgia  0.26 0.27 0.15* 0.20* 0.54* 

Hawaii 0.19 0.15 0.12  0.16 

Illinois 0.23 0.24 0.24 0.17* 0.40* 

Indiana 0.18 0.19 0.16 0.12* 0.44 

Iowa 0.20 0.20 0.14 0.16 0.20 

Kansas 0.23 0.24 0.30 0.14  

Kentucky  0.16 0.16 0.29 0.09 0.07* 

Louisiana 0.24 0.27 0.24 0.17* 0.72* 

Maryland 0.48 0.55 0.39 0.39 0.39 

Massachusetts 0.26 0.25 0.28 0.21 0.49* 

Michigan 0.18 0.19 0.18 0.12* 0.37 

Minnesota 0.24 0.25 0.17 0.19 0.44 

Mississippi 0.24 0.28 0.05 0.15* 0.00 

Missouri 0.20 0.20 0.20 0.15 0.29 

Nebraska 0.31 0.32 0.18 0.21  

New Jersey 0.22 0.22 0.19 0.21 0.43* 

New York 0.25 0.23 0.27 0.23* 0.54* 

North Carolina  0.13 0.13 0.12 0.10 0.31* A
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Ohio  0.21 0.22 0.26 0.11* 0.53* 

Oklahoma  0.11 0.13 0.10 0.06 0.37* 

Oregon  0.11 0.11 0.10 0.08 0.18 

Pennsylvania  0.27 0.27 0.30 0.22 0.32 

South Carolina  0.14 0.16 0.12 0.08* 0.18 

Tennessee 0.19 0.18 0.31 0.22 0.46* 

Texas  0.17 0.20 0.13* 0.15* 0.35* 

Utah 0.27 0.27 0.31  0.24 

Virginia  0.20 0.21 0.26 0.12* 0.47* 

Washington 0.15 0.15 0.17 0.12 0.23* 

Wisconsin 0.27 0.28 0.33 0.13* 0.46 

* Denotes p<0.017 

Blank rows include death totals that are suppressed 
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