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Abstract

Objective—To characterize associations between living in primary care shortage areas and graft 

failure/death for children after liver transplantation.

Study design—Observational study of all pediatric patients (<19 years) who received a liver 

transplant between 1/1/2005-12/31/2015 in the U.S., with follow up through January 2019 

(N=4964). Patients (N=195) were excluded if their home ZIP code could not be matched to 

primary care shortage area status. The primary outcome was a composite endpoint of graft failure 

or death. We used Cox proportional hazards to model the associations between health professional 

shortage area (HPSAs) and graft failure/death.

Results—Children living in HPSAs compared with those not in HPSAs had lower estimated 

graft survival rates at 10 years (76% vs. 80%, p<0.001). In univariable analysis, residence in an 

HPSA was associated with a 22% (hazard ratio [HR]: 1.22; 95% confidence interval [CI]: 1.09, 

1.36, p<0.001) increased hazard of graft failure/death. Black children from HPSAs had a 67% 

increased hazard of graft failure/death compared with those not in HPSAs (HR: 1.67; 95%CI: 
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1.29, 2.16; p=0.006). For White children, the effect of HPSA status was less pronounced (HR: 

1.11; 95%CI: 0.98, 1.27, p=0.10).

Conclusion—Children living in primary care shortage areas are at increased risk of graft failure 

and death after liver transplant, and this risk is particularly salient for Black children. Future work 

to understand how living in these regions contributes to adverse outcomes may enable teams to 

mitigate this risk for all children with chronic illness.
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Liver transplant; primary care availability; pediatric chronic disease; structural racism

Short-term outcomes have improved for children after liver transplant, yet long-term 

outcomes remain suboptimal.(1-4) After children recover from surgery, the goals of care 

shift towards chronic disease management, with a focus on maintaining graft health and 

minimizing immunosuppression-related comorbidities.(1, 5) Such care must be managed 

collaboratively between primary care providers (PCP) and hepatologists, and children/

families may be increasingly reliant on their PCP for health maintenance.(5)

The home environment is an important contributor to chronic disease outcomes.(4, 6-10) 

We previously found that children from socioeconomically deprived neighborhoods have 

increased risk of medication nonadherence, graft failure, and death post-transplant.(4, 11, 

12) Although deprivation indices contextualize the economic milieu of a neighborhood,(4, 

13) such measures do not include data on local primary care availability. access to primary 

care may affect their ability of the child to receive consistent follow-up care. Indeed, 

in adults with chronic illness, there are lower rates of preventable hospital admissions 

in patients with greater access to primary care.(14) In adults with autoimmune hepatitis, 

greater access to primary care was also associated with increased likelihood of transplant-

free survival.(15) Finally, in children with routine pediatric illness (e.g., dehydration, 

pneumonia), communication with a PCP in the preceding year was associated with lower 

rates of preventable hospital admissions.(16)

Children who have received liver transplants face many of the same challenges to sustained 

health as those with other chronic illnesses.(17) Furthermore, the United Network for Organ 

Sharing (UNOS) tracks all patients after transplantation, providing a robust dataset with 

reliable and objective health outcomes.(18)

The Health Resources and Services Administration (HRSA) seeks to increase access to 

high-quality primary care for people who are geographically, medically, or economically 

vulnerable.(19) HRSA maintains a database of primary care health professional shortage 

areas (HPSA) to prioritize national programmatic efforts to assist people in these areas.(19, 

20) In this study, we examined the association between residing in an HPSA and long-term 

graft/patient survival among pediatric liver transplant recipients in the U.S. We hypothesized 

that residence in an HPSA would be associated with increased risk of graft failure/death. 

Additionally, because of historical and ongoing segregation that affects healthcare access,

(21) we examined the effect of living in an HPSA on adverse outcomes among different 

races.
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METHODS

Data Source

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

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

recipients in the US, submitted by the members of the Organ Procurement and 

Transplantation Network (OPTN). 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.

Study Population

We identified pediatric patients (<19 years) who received a liver transplant between 

01/01/2005—12/31/2015 in the U.S. (N=5,964). Patients (N=195) were excluded if their 

home ZIP code could not be matched to HPSA status. Excluded patient characteristics are 

listed in Table I (available at www.jpeds.com).

Primary Exposures

Our primary exposure was residence in a primary care HPSA. A geographic area is defined 

as an HPSA if the population to provider ratio is >3,500:1 (or >3,000:1 in areas with 

“unusually high needs” [not further defined by HRSA]).(22) HPSA data are available at the 

census tract-level.(23) Because the SRTR database only includes patient home ZIP codes, 

we used the census tract at the centroid of each ZIP code to determine HPSA status. We 

used home ZIP code at the time of transplant as listed in SRTR. HPSA designations were 

analyzed as a dichotomous measure (HPSA or non-HPSA).

Primary Outcomes

Our primary outcome was a composite endpoint of graft failure and death (henceforth 

referred to as graft failure). This measure was defined as time from liver transplant to 

graft failure or death from any cause, whichever occurred first.(12, 24) For patients without 

documented graft failure, graft survival was censored at the last date of follow-up. We 

applied administrative censoring at 10 years posttransplant for patients followed longer than 

10 years.

Covariables

We used a causal inference approach and created a directed acyclic graph to identify the 

set of covariables necessary to quantify the direct effect of HPSA on graft failure (Figure 

1). We conceptualize race as a social construct (i.e., effects resulting from structural racism, 

segregation), rather than a biological construct.(25-27) Therefore, we included race in our 

multivariable models as a proxy for these social effects. We classified race as “White,” 

“Black,” or “other.” To adjust for area-level economic conditions that may confound the 

relationship between HPSA and graft failure, we measured fraction of the population 

below the federal poverty level (%<FPL) at the ZIP code level using data from the U.S. 

Census Bureau’s 2015 American Community Survey and modeled this as a continuous 

variable.(12, 13, 28) We included insurance status in our models as an indicator of access 
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to healthcare services. We used the Rural-Urban Commuting Area (RUCA) codes from 

the U.S. Department of Agriculture to classify patients as rural/urban to better understand 

the interaction between rurality and HPSA status. Laboratory Model for End Stage Liver 

Disease (MELD)/Pediatric End Stage Liver Disease (PELD) and allocation MELD/PELD 

were used as measures of disease severity.

Statistical Analyses

Descriptive statistics were reported for patient demographic, allocation, and transplant 

characteristics. Patient characteristics were compared between those residing in an HPSA 

and non-HPSA using Wilcoxon rank-sum tests for continuous variables and chi-square 

tests categorical variables. We followed patients from time of transplant until 10 years 

post-transplant. We chose 10 years because we hypothesized that PCP access would be 

more relevant to long-term post-transplant outcomes. The associations between HPSA 

status and graft survival were visualized using Kaplan-Meier curves and evaluated using 

Coxs proportional hazards models. Given that morbidity and mortality in the first year 

post-transplant are primarily due to technical complications, rather than social factors, 

we conducted a landmark analysis(29) and excluded patients who had graft failure in 

the first year. To better understand the consequences of ongoing structural racism and 

segregation, we assessed for an interaction between race and HPSA on graft survival and 

performed subgroup analyses for Black and White children. To assess whether children in 

urban areas were less susceptible to the effects of HPSAs, we assessed for an interaction 

between rurality and HPSA on graft survival. Statistical significance was defined as p<0.05. 

Statistical analyses were performed in R (Version 4.1.0, The R Project for Statistical 

Computing).

This study was deemed exempt from review by the UCSF Institutional Review Boards.

RESULTS

Study Population

A total of 5,769 children were included in our analyses. Baseline characteristics are shown 

in Table II. Almost half (47.3%) of our cohort resided in an HPSA. Children from HPSAs 

were more likely to have public insurance, be of Black race, and live in a rural and 

high-poverty area. They were less likely to receive a living donor transplant.

Death-Free Graft Survival

The overall 1-, 5-, and 10-year graft survival in our cohort was 87%, 81%, and 78%, 

respectively. Patients from HPSAs compared with those in non-HPSAs had lower estimated 

graft survival rates at 1 year (86% vs. 88%, p=0.01), 5 years (79% vs. 82%, p<0.001), 

and 10 years (76% vs. 80%, p<0.001). In univariable analysis, residence in an HPSA 

was associated with a 22% (hazard ratio [HR]: 1.22; 95% confidence interval [CI]: 1.09, 

1.36; p<0.001) increased hazard of graft failure (Table III; available at www.jpeds.com). 

Black children had a 29% increased hazard of graft failure (HR: 1.29; 95%CI: 1.13, 1.48; 

p<0.001) compared with White children, and for every 10% increase in %<FPL there was 

a 13% (HR: 1.13; 95%CI: 1.07, 1.19; p<0.001) increased hazard of graft failure. Public 
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insurance was associated with a 38% (HR: 1.38; 95%CI: 1.24, 1.55; p<0.001) increased 

hazard of graft failure compared with private insurance. In multivariable analysis adjusting 

for race, children in HPSAs had a 19% (HR: 1.19; 95%CI: 1.07, 1.33; p=0.002) increased 

hazard of graft failure compared with non-HPSAs (Table II). When adjusting for race and 

insurance status, children in HPSAs had a 13% (HR: 1.13; 95%CI: 1.01, 1.26, p=0.03) 

increased hazard of graft failure. When adjusting for race, insurance, and %<FPL, the effect 

size of HPSA status decreased (HR: 1.11; 95%CI: 0.98, 1.25; p=0.10). Rurality was not 

significantly associated with graft failure (HR: 1.12; 95%CI: 0.97, 1.30; p=0.12), and the 

effect of HPSA status on graft failure did not vary across rural and urban areas (interaction 

term p=0.33).

Subgroup Analyses by Race and Ethnicity

Figure 2 displays Kaplan-Meier curves of 10-year graft survival by HPSA status in Black 

and White children. The 10-year graft survival rate for White children in HPSAs was 75.8% 

versus 77.3% in non-HPSAs (p=0.11). The 10-year graft survival rate for Black children in 

HPSAs was 61.8% compared with 77.5% in non-HPSAs (p<0.001). The effect of HPSA 

status on graft failure varied by race (interaction term p<0.001). Black children in HPSAs 

compared with Black children in non-HPSAs had a 67% increased hazard of graft failure 

(HR: 1.67; 95%CI: 1.29, 2.16; p=0.006). For White children in HPSAs vs. those not, the 

association was less pronounced (HR: 1.11; 95%CI: 0.98, 1.27, p=0.10). Black children 

in HPSAs compared with White children in HPSAs had a 48% increased hazard of graft 

failure (HR 1.48; 95%CI: 1.24, 1.75; p<0.001), and a 64% increased hazard of graft failure 

(HR: 1.64; 95%CI: 1.39, 1.95; p<0.001) compared with White children in non-HPSAs. 

In Hispanic children of all races, there were no differences in outcomes by HPSA status 

(p=0.2), but there was a trend for children living in HPSAs to have worse outcomes (data not 

depicted).

Landmark Analysis at 1-Year Post-Transplant

A total of 788 children experienced graft failure/death or were lost to follow-up within 

the first-year post-transplant. In a landmark analysis excluding these patients, children 

from HPSAs had a 23% increased hazard of graft failure (HR: 1.23; 95%CI: 1.03, 1.46; 

p=0.02) compared with children from non-HPSAs (Table V; available at www.jpeds.com). 

In multivariable analysis adjusting for race, the effect size of HPSA decreased (HR: 1.16; 

95%CI: 0.98, 1.38; p=0.09), but the effect size of race increased (HR: 1.93; 95%CI: 1.59, 

2.34; p<0.001) compared with the above analyses including all patients. In multivariable 

analysis adjusting for HPSA, race, insurance, and %<FPL, HPSA status did not have a 

significant effect on graft survival (HR: 1.05; 95%CI: 0.87, 1.27; p=0.59), but Black children 

still had a 76% increased hazard of graft failure (HR: 1.75; 95%CI: 1.44, 2.16; p<0.001) 

compared with White children.

DISCUSSION

In this study, we sought to determine how living in an HPSA affects outcomes for children 

after liver transplantation. We found that children in HPSAs have an increased hazard 

of graft failure and death after transplant compared with children in non-HPSAs. This 
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finding persisted when we controlled for race and insurance but became less substantial 

when adjusting for %<FPL. Most children living in HPSAs are in high-poverty ZIP codes. 

This overlap, despite HPSA status and %<FPL measuring distinct constructs, suggests 

that economic deprivation may extend to medical deprivation. our study demonstrates that 

disparities in outcomes between HPSAs and non-HPSAs are primarily experienced by Black 

children, with Black children in HPSAs experiencing much worse outcomes than Black 

children in non-HPSAs and all White children in our cohort.For every 10 Black children 

living in an HPSA, almost 4 will experience an episode of graft failure within 10-years 

of transplantation—suggesting that HPSAs might be an important contributor to racial 

disparities after pediatric liver transplantation.(4, 30)

Primary care shortages pose a substantial challenge for many areas in the U.S., with over 

80 million people living in areas designated as HPSAs.(31) One important marker of 

geographic vulnerability is rurality. Not surprisingly, children in HPSAs were more likely 

to live in rural areas than children in non-HPSAs. Despite this, the effect of living in an 

HPSA did not vary by rurality, suggesting that adverse effects of primary care shortages 

are prevalent across both urban and rural landscapes. In our sample, over 70% of children 

in HPSAs were also in areas with high poverty rates (%<FPL above sample median). 

This finding mirrors that of a previous study finding that the distribution of HPSAs has 

substantial overlap with other markers of medical, economic, and geographic vulnerability 

(e.g., low income, persistent poverty, lower education levels).(10) We conceptualized 

HPSA status and %<FPL as related but ultimately separate measures – that is, HPSA 

status specifically measures an aspect of health infrastructure (e.g., number of PCPs per 

capita) and %<FPL measures the proportion of the neighborhood living in poverty and 

characterizes underlying economic conditions of the area. Although the overlap between 

medical shortages and poverty is not surprising, it suggests that poverty may directly affect 

access to primary care by limiting the type, frequency, and quality of care these children 

receive. However, it remains unclear whether HPSA status fully captures factors such as 

primary care access, utilization, and quality, which may depend on other factors such as 

transportation, healthcare costs, discrimination, and poor working conditions leading to 

physician burnout.(21, 32-34) Children in HPSAs were also less likely to receive a living 

donor liver transplant; future studies should seek to understand the barriers to living donor 

transplantation in areas with primary care shortages.

As children live longer after transplantation, chronic disease management – including strong 

partnerships between transplant centers and primary care – will be essential to achieving 

optimal outcomes. Lifelong immunosuppression increases the risk of complications like 

posttransplant lymphoproliferative disorder (PTLD), chronic kidney disease, diabetes, and 

hypertension.(3, 35) Furthermore, medication adherence and allograft monitoring are 

necessary to ensure long-term graft health.(1, 3, 35) Although these complications are 

specific to liver transplantation, medication/symptom management and disease monitoring 

are part of the care for all children with chronic illnesses.(36, 37) Living in an HPSA may 

make it more difficult for patients to manage their care. This study lays the groundwork for 

future studies to uncover the underlying risk factors that lead to suboptimal outcomes for 

children living in HPSAs.
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we found that race modifies the effect of HPSA status on graft/patient survival. It is 

well documented that Black and minority-race children have higher rates of graft failure 

and death after transplant,(4, 30) . Our subgroup analyses revealed that Black children in 

HPSAs are at the highest risk for such adverse outcomes. The hazard of graft failure for 

Black children (in both HPSAs and non-HPSAs) increased even further when excluding 

patients who experienced an adverse event within the first year post-transplant. Considering 

that episodes of death/graft failure in the first year are more likely driven by technical 

complications, excluding these patients may provide a more accurate depiction of the role 

social factors (e.g., physician shortages, racism, economic deprivation) play in disease 

outcomes for Black children. In our landmark analyses, other social factors became less 

significant and Black children had an almost 80% increased hazard of graft failure after 

adjusting for HPSA status, insurance, and %<FPL.

Here, we view race as a social construct that captures a range of social determinants not 

captured by other measures and include interpersonal and structural racism, segregation, 

bias, and cumulative exposure to adversity.(26, 27, 38) Structural racism encompasses 

the ways in which systems (e.g., housing, education, employment, healthcare, criminal 

justice, media) promote discrimination on the basis of race, and in turn reinforce 

discriminatory beliefs and resource distribution.(21, 39) Historical and continued residential 

segregation puts Black Americans at increased risk of poor birth outcomes, chronic disease, 

and decreased lifespan, and importantly, shapes the landscape of healthcare access and 

utilization.(21) In Black adolescents, race-related stress has been shown to be a significant 

predictor of chronic disease.(40, 41) Additionally, medical mistrust among Black patients, 

as a result of historical and ongoing mistreatment by the U.S. healthcare system,(25) might 

make it harder for families to seek care in neighboring communities.(42, 43) What is more, 

Black children were more likely than White children to live in HPSAs, compounding 

their risk for poor outcomes and creating another pathway for structural racism. The 

increased hazard of adverse outcomes, even when considering other important social factors, 

underscores the association between structural racism and poor health outcomes for Black 

children.

This study demonstrates the relationship between living in an HPSA and pediatric chronic 

disease outcomes. Future studies are needed to better uncover the reasons for these 

disparities before efforts to narrow these disparities can be developed. One potential area 

of exploration that has emerged in the COVID-19 era is the use of telehealth technology to 

enable the healthcare system to mitigate the effect of HPSAs. Telehealth has the potential 

to increase access to providers in HPSAs and may better accommodate parents’ schedules.

(44) However, the implementation of telehealth may, itself, increase health disparities for 

vulnerable populations (i.e., those at risk for limited digital literacy/access).(45) Therefore, 

care should be taken to mitigate structural and individual barriers to telehealth(45) while 

exploring ways we might leverage telehealth for children with chronic disease in HPSAs. 

care.

We acknowledge the following limitations. First, although population-level data is helpful 

to characterize one’s home environment, we recognize the risk of ecologic fallacy (i.e., 

extrapolating findings to individuals based on group-level findings).(46) Second, HPSA 
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status was matched at the ZIP code level. Even though ZIP codes are convenient to 

collect, they are created to increase mail delivery efficiency, and can encompass diverse 

neighborhood contexts. However, ZIP code level data were readily available in SRTR, and 

ZIP codes represent relatively granular geospatial units. Third, HPSAs can be designated, 

proposed for withdrawal, and withdrawn based on the percent of need for PCPs met. We 

included all areas that have ever been designated as an HPSA during or after the study 

period. Therefore, it is plausible that some ZIP codes were classified as an HPSA when 

indeed they were not. Such misclassification would bias our findings towards the null—

that we still see a difference indicates that HPSA status is important for post-transplant 

outcomes. Fourth, we were unable to account for residential mobility, as these data are not 

available in SRTR. Reassuringly, there are data assessing how residential mobility impacts 

exposures such as deprivation indices and air pollution that demonstrate that, although a 

significant proportion of families move, these moves tend toward high exposure to low 

exposure (i.e., families are more likely to move from highly deprived neighborhoods to less 

deprived neighborhoods). Therefore, we would expect this to bias our findings towards the 

null.(47) Again, that we found an association between residence in HPSAs and transplant 

outcomes even with potential exposure misclassification, suggests that HPSA status is an 

important predictor of post-transplant outcomes. Fifth, we were unable to analyze the effects 

of HPSAs in the Indigenous community. Although important, there were only 45 patients 

(0.8%) who identified as Indigenous Americans in our dataset. Finally, there are limitations 

common to registry studies – such as data completeness and quality. However, the SRTR 

database is the most robust data source for transplant recipients and offers one of the most 

objective and well-maintained datasets for studying children with chronic illness in general.

Future work to understand how living in these regions contributes to adverse outcomes 

might enable medical teams to mitigate this risk and inform policies that further reduce the 

presence of HPSAs.
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ABBREVIATIONS:

CI confidence interval

HPSA health professional shortage area

HR hazard ratio

HRSA Health Resources and Services Administration

MELD Model for End Stage Liver Disease

OPTN Organ Procurement and Transplantation Network

PCP primary care provider

PELD Pediatric End Stage Liver Disease

RUCA Rural-Urban Commuting Area

SRTR Scientific Registry of Transplant Recipients

UNOS United Network for Organ Sharing

%<FPL fraction of the population below the federal poverty level
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Figure 1. Directed acyclic graph of hypothesized causal pathway.
The solid boxes indicate measurable variables while the dotted boxes indicate unmeasurable 

variables within the Scientific Registry for Transplant Recipient data system. This diagram 

is the theoretical model of the hypothesized causal pathway for the impact of residence in an 

area with a primary care shortage on outcomes for children following liver transplantation.
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Figure 2. Subgroup analyses for race stratified by HPSA status.
Graft survival by HPSA status in (A) White children, (B) Black children. Abbreviations: 

HPSA, health professional shortage area

Shifman et al. Page 13

J Pediatr. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shifman et al. Page 14

Table 1.
Demographic characteristics of included and excluded patients.

Values are represented as N (%) or median (IQR). Empty cells in p-value column represent comparison across 

all categories of a variable.

Abbreviations: IQR, interquartile range; MELD, Model for End-Stage Liver Disease; PELD, pediatric end-

stage liver disease.

Included Excluded p-value

N = 5769 N = 195

Age at Transplant (yrs.) 2.3 (0.8, 9.8) 3.2 (1.0, 10.2) 0.29

Female 2895 (50.2) 101 (51.8) 0.71

Hispanic 1338 (23.2) 36 (18.5) 0.15

Race

 White 4290 (74.4) 152 (77.9) 0.52

 Black 984 (17.1) 29 (14.9)

 Other 495 (8.6) 14 (7.2)

Primary Insurance

 Public 2594 (45.0) 43 (22.1) <0.001

 Private 3056 (53.0) 58 (29.7)

 Other 119 (2.1) 94 (48.2)

Recipient Diagnosis

 Biliary Atresia 1768 (30.6) 35 (17.9) <0.001

 Other cholestatic 1146 (19.9) 58 (29.7)

 Acute Liver Failure 640 (11.1) 17 (8.7)

 Metabolic 545 (9.4) 36 (18.5)

 Tumor 467 (8.1) 14 (7.2)

 Autoimmune Hepatitis 250 (4.3) 9 (4.6)

 Other 945 (16.4) 26 (13.3)

Laboratory MELD/PELD at Transplant 16 (5, 25) 17 (4, 26) 0.97

Actual MELD/PELD at Transplant 25 (16, 32) 28 (18.5, 34.5) 0.11

Status 1a/1b 1600 (27.7) 47 (24.1) 0.34

Donor Age at Transplant 11 (2, 21) 6 (1, 20) 0.06

Transplant type

 Living Donor Transplant 600 (10.4) 18 (9.2) 0.68

 Deceased Donor Transplant 5169 (89.6) 177 (90.8)

Cold Ischemia Time 6.7 (5.0, 8.4) 6.5 (5.0, 8.1) 0.61
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Table 2.
Baseline characteristics by HPSA status.

Values are represented as median (IQR) or number (%). Empty cells in p-value column are because p-value 

represents comparison across all categories of a variable. An HPSA was classified as an area with >3,500 

individuals to 1 primary care provider or 3000:1 in areas with unusually high needs.

Abbreviations: HPSA, health professional shortage area; IQR, interquartile range; %<FPL, fraction of the 

population below the federal poverty line; MELD, Model for End-Stage Liver Disease; PELD, pediatric 

end-stage liver disease.

Characteristic Overall HPSA Non-HPSA p-value

N 5769 2726 3043

Age at transplant, yrs. 2.3 (0.8, 9.8) 2.3 (0.8, 9.3) 2.5 (0.9, 10.3) 0.11

Sex

  Female 2895 (50.2) 1385 (50.8) 1510 (49.6) 0.38

Ethnicity

  Hispanic 1338 (23.2) 705 (25.9) 633 (20.8) <0.001

Race

  White 4290 (74.4) 1969 (72.2) 2321 (76.3) <0.001

  Black 984 (17.1) 573 (21.0) 411 (13.5)

  Other 495 (8.6) 184 (6.7) 311 (10.2)

Primary Insurance

  Private 2594 (45.0) 922 (33.8) 1672 (54.9) <0.001

  Public 3056 (53.0) 1756 (64.4) 1300 (42.7)

  Other 119 (2.1) 48 (1.8) 71 (2.3)

%<FPL 0.15 (0.09, 0.22) 0.19 (0.14, 0.27) 0.11 (0.07, 0.16) <0.001

Rurality

  Urban 4750 (82.3) 1974 (72.4) 2776 (91.2) <0.001

  Rural 912 (15.8) 700 (25.7) 212 (7.0)

Recipient Diagnosis

  Biliary Atresia 1768 (30.6) 861 (31.6) 907 (29.8) <0.001

  Other Cholestatic 1146 (19.9) 538 (19.7) 608 (20.0)

  Acute Liver Failure 640 (11.1) 327 (12.0) 313 (10.3)

  Metabolic 545 (9.4) 211 (7.7) 334 (11.0)

  Tumor 467 (8.1) 206 (7.6) 261 (8.6)

  Autoimmune Hepatitis 250 (4.3) 114 (4.2) 136 (4.5)

  Other 945 (16.4) 464 (17.0) 481 (15.8)

Laboratory MELD/PELD at transplant 16 (5, 25) 16 (6, 26) 15 (4, 25) 0.02

Allocation MELD/PELD at transplant 25 (16, 32) 25 (16, 32) 26 (17, 32.3) 0.07

Status 1a/1b 1600 (27.7) 737 (27.0) 863 (28.4) 0.28

Donor Age at Transplant, yrs. 11 (2, 21) 10 (2, 20) 12 (2, 22) <0.001

Living Donor Transplant 600 (10.4) 240 (8.8) 360 (11.8) <0.001
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Characteristic Overall HPSA Non-HPSA p-value

Cold Ischemia Time, hrs. 6.7 (5.0, 8.4) 7 (5.0, 8.6) 6.5 (4.9, 8.1) <0.001
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Table 3.
Univariable Cox proportional hazard models on composite outcome of graft failure/death 
(whichever occurred first) at 10 years posttransplant.

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; HPSA, health professional shortage area; 

%<FPL, fraction of the population below the federal poverty line; MELD, Model for End-Stage Liver Disease; 

PELD, pediatric end-stage liver disease.

*The fraction of the population below the federal poverty line was scaled so that the HR represents a 10% 

increase in %<FPL.

Graft Failure or Death

Characteristic HR 95% CI p-value

HPSA 1.22 1.09, 1.36 <0.001

Age at transplant, yrs. 1.00 1.00, 1.00 0.33

Sex

  Male 1.00 0.90, 1.12 1

Ethnicity

  Hispanic 0.99 0.87, 1.13 0.9

Race

  White REF REF

  Black 1.29 1.13, 1.48 <0.001

  Indigenous American 1.17 0.64, 2.12 0.61

  Other 0.92 0.75, 1.13 0.43

Primary Insurance

  Private REF REF

  Public 1.38 1.24, 1.55 <0.001

  Other 0.90 0.58, 1.41 0.64

%<FPL* 1.13 1.07, 1.19 <0.001

Rurality

  Urban REF REF

  Rural 1.12 0.97, 1.30 0.12

Recipient Diagnosis

  Biliary Atresia REF REF

  Other Cholestatic 1.74 1.47, 2.05 <0.001

  Acute Liver Failure 1.75 1.44, 2.12 <0.001

  Metabolic 1.23 0.97, 1.54 0.08

  Tumor 1.84 1.49, 2.28 <0.001

  Autoimmune Hepatitis 1.96 1.51, 2.54 <0.001

  Other 1.85 1.56, 2.20 <0.001

Laboratory MELD/PELD at transplant 1.01 1.01, 1.02 <0.001

Allocation MELD/PELD at transplant 1.00 1.00, 1.01 0.03

Status 1a/1b 1.35 1.20, 1.52 0.01
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Graft Failure or Death

Characteristic HR 95% CI p-value

Donor Age at Transplant, yrs. 1.00 1.00, 1.01 0.23

Living Donor Transplant 0.64 0.51, 0.79 <0.001

Cold Ischemia Time, hrs. 1.02 1.00, 1.03 0.03
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Table 4.
Multivariable Cox proportional hazard models on composite outcome of graft failure/
death (whichever occurred first) at 10-years posttransplant.

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; HPSA, health professional shortage area; 

%<FPL, fraction of the population below the federal poverty line.

*The fraction of the population below the federal poverty line was scaled so that the HR represents a 10% 

increase in %<FPL.

HPSA + Race HPSA + Race + Insurance HPSA + Race + Insurance +
%<FPL

Variable HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

HPSA 1.19 1.07, 1.33 0.002 1.13 1.01, 1.26 0.03 1.11 0.98, 1.25 0.10

Race

  White REF REF REF REF REF REF REF REF REF

  Black 1.27 1.11, 1.45 <0.001 1.20 1.05, 1.38 0.009 1.17 1.02, 1.35 0.03

  Other 0.93 0.76, 1.15 0.51 0.93 0.76, 1.15 0.52 0.94 0.76, 1.15 0.53

Insurance

  Private REF REF REF REF REF REF

  Public 1.31 1.17, 1.48 <0.001 1.29 1.14, 1.46 <0.001

  Other 0.89 0.57, 1.40 0.63 0.99 0.63, 1.55 0.95

%<FPL* 1.04 0.97, 1.11 0.25
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Table 5.
Landmark analysis of multivariable Cox proportional hazard models excluding patients 
(N=788) with graft failure/death/loss to follow-up in the first year posttransplant (N=4981)

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; HPSA, health professional shortage area; 

%<FPL, fraction of the population below the federal poverty line.

*The fraction of the population below the federal poverty line was scaled so that the HR represents a 10% 

increase in %<FPL.

HPSA + Race HPSA + Race + Insurance HPSA + Race + Insurance +
%<FPL

Variable HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

HPSA 1.16 0.98, 1.38 0.09 1.13 0.95, 1.35 0.18 1.05 0.87, 1.27 0.59

Race

  White REF REF REF REF REF REF REF REF REF

  Black 1.93 1.59, 2.34 <0.001 1.88 1.54, 2.28 <0.001 1.76 1.44, 2.16 <0.001

  Other 1.02 0.73, 1.41 0.92 1.02 0.73, 1.42 0.91 1.01 0.73, 1.41 0.93

Insurance

  Private REF REF REF REF REF REF

  Public 1.16 0.96, 1.39 <0.12 1.09 0.90, 1.32 0.37

  Other 1.06 0.56, 1.99 0.87 1.1 0.58, 2.09 0.76

%<FPL* 1.12 1.01, 1.23 0.03
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