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Abstract

Neighborhood socioeconomic deprivation is associated with adverse outcomes after pediatric 

liver transplant. We sought to determine if this relationship varies by transplant center. Using 

SRTR, we included patients<18 years transplanted 2008–2013 (N=2804). We matched patient 

ZIP codes to a deprivation index (range [0,1]; higher values indicate increased socioeconomic 

deprivation). A center-level patient-mix deprivation index was defined by the distribution of 

patient-level deprivation. Centers (n=66) were classified as high or low deprivation if their patient

mix deprivation index was above or below the median across centers. Center quality was classified 

as low or high graft failure if graft survival rates were better or worse than the overall 10-year 

graft survival rate. Primary outcome was patient-level graft survival. We used random-effect 

Cox models to evaluate center-level covariates on graft failure. We modeled center quality using 

stratified Cox models. In multivariate analysis, each 0.1 increase in the patient-mix deprivation 

index was associated with increased hazard of graft failure (HR 1.32; 95%CI: 1.05, 1.66). When 

stratified by center quality, patient-mix deprivation was no longer significant (HR 1.07, 95%CI: 

0.89, 1.28). Some transplant centers care for predominantly high deprivation children and maintain 

excellent outcomes. Revealing and replicating these centers’ practice patterns should enable more 

equitable outcomes.

INTRODUCTION

A substantial and compelling body of evidence demonstrates that social determinants 

of health—where we live, eat, sleep, and play—impact health.1 Social determinants 

are particularly relevant after transplant because self-management capacity influences 
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medication adherence2 and graft health.3 We previously demonstrated that neighborhood

level socioeconomic deprivation, a composite measure derived from US Census Bureau data, 

is associated with patient-level post-transplant morbidity and mortality.2,3 An outstanding 

question remains whether transplant care teams can mitigate the effects of neighborhood 

socioeconomic deprivation on long-term outcomes for children. To our knowledge, no 

studies to date have examined differences in transplant centers’ long-term outcomes 

accounting for the contextual socioeconomic characteristics of the population served.

There is significant center-to-center variation in pediatric liver transplantation protocols and 

outcomes, including organ offer acceptance patterns, post-transplant length of stay, and 

likelihood of early graft loss.4–6 One of the benefits of the robust reporting requirements 

in the transplantation field is that these requirements enable us to identify high performing 

centers. Recognizing centers as high performers could prompt national quality improvement 

efforts to identify best practices.7 In this study, we examined center-level characteristics 

associated with long-term transplant outcomes. We sought to explore whether high center 

quality, defined by low 10-year death censored graft failure rates, mitigates the adverse 

effects of neighborhood socioeconomic deprivation. We queried the Scientific Registry 

of Transplant Recipients (SRTR) database and linked it with a validated measure of 

neighborhood socioeconomic deprivation matched to a patients’ home ZIP code.2,3,8 Based 

on our earlier work, we hypothesized that centers caring for children from predominantly 

high deprivation neighborhoods would have worse outcomes following transplant but that 

the effect of center performance would diminish the effect of deprivation.

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.

This study was reviewed by and deemed to be exempt by the Institutional Review Board at 

Cincinnati Children’s Hospital Medical Center. Informed consent requirement was waived.

Study Population

We identified pediatric patients (<18 years of age) who received a liver transplant between 

January 1, 2008 and December 31, 2013 in the U.S. (N=2804) across 66 pediatric liver 

transplant centers. We chose this time frame because we were interested in center variation 

in long-term outcomes. Patients were excluded (N=330) if they did not have a documented 

home ZIP code within SRTR that could be matched to the neighborhood socioeconomic 

deprivation index. No adjustment was made for missing data.
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Center-Level Exposure

The primary exposure of interest was the neighborhood socioeconomic deprivation index8 

for each included patient, aggregated at the level of the transplant center (hereafter referred 

to as the ‘patient-mix deprivation index’). While there are many deprivation indices9 (e.g. 

Center for Disease Control’s Social Vulnerability Index10), we chose this particular index 

because it was specifically designed to measure material economic deprivation, generated 

using statistically robust techniques, and the methods for development are transparent and 

open source.8,11 The Social Vulnerability Index, on the other hand, was designed to capture 

the negative health effects of natural or human-caused disasters, or disease outbreaks. 

Specifically, it was designed to help emergency response planners and public health officials 

identify and map communities that most likely need support before, during, and after 

a hazardous event. In the context of the present study, we considered the below index 

to be the most appropriate index. Briefly, the deprivation index is a composite measure 

derived from US Census Bureau data using six American Community Survey variables: 

1) % of households with income below the federal poverty line; 2) median household 

income; 3) % of population ≥25 years with at least high school education; 4) % of 

the population without health insurance; 5) % of households receiving public assistance; 

and 6) % of housing units that are vacant. Applying weights, the index is scaled and 

normalized to a range of [0,1] and values closer to 1 indicate neighborhoods with increased 

socioeconomic deprivation. The index is now available for 72,057 of all 73,056 (99%) 

US census tracts enhancing external validity. The index is intended to capture the relative 

socioeconomic context of a neighborhood; it also has been used to approximate household

level socioeconomic circumstances.8,12–16 The index, underlying measures, and the code 

used are publicly available.11 Methods for the development and use of the deprivation index 

are described elsewhere.2,3,8,17 To derive the patient-mix deprivation index, we first matched 

the neighborhood deprivation index to patient home ZIP codes as reported to SRTR at the 

time of transplant. We then calculated the median deprivation index for patients within each 

transplant center and defined that value as the patient-mix deprivation index. We classified 

centers as above (high patient-mix deprivation) and below (low patient-mix deprivation) the 

median patient-mix deprivation index across all centers.

Center-level Covariates

To better understand how the effect of patient-mix deprivation on outcome varied by center 

quality, we classified patients by their transplant center’s graft failure rate. To calculate 

this, we first determined the estimated graft failure rate for the entire cohort (22.3%). Next, 

we determined the 10-year graft failure rate for each center within the cohort. Finally, we 

classified centers as “low graft failure” or “high graft failure” if they had graft survival 

rates above or below the estimated 10-year death censored graft survival rates for the 

entire cohort, respectively. We did not risk-adjust these graft failure rates because of power 

limitations. The SRTR does not risk-adjust 3-year outcomes for pediatric transplant centers 

in the program-specific reports.18 Volume was taken as the average annual number of 

transplants performed at the center over the study period. We categorized centers into three 

categories based on transplants performed per year: <5, 5–15, and >15 because previous 

work has shown sub-optimal outcomes for patients at centers that perform fever than 5 

transplants annually.19 We classified UNOS region into 4 distinct U.S. regions based on 

Wadhwani et al. Page 3

Am J Transplant. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



previous research.20 Urban-rural status was determined using the Rural-Urban Commuting 

Area codes from the US Department of Agriculture.21

Outcome

The primary outcome was patient-level death censored graft survival. Graft survival was 

defined as the time from liver transplant to graft failure or death, whichever occurred first. 

For patients without documented graft failure or death, graft survival was censored at the 

last date of follow up. We applied administrative censoring at 10 years post-transplant for 

those who were followed longer than 10 years. We evaluated this measure as a time-to-event 

occurrence.

Statistical Analysis

Patients were grouped by patient-mix deprivation (above or below centers’ median patient

mix deprivation) and by center graft failure. Thus, patients were classified by their transplant 

center’s characteristics: low-graft failure, high-deprivation centers; high-graft failure, high

deprivation centers; low-graft failure, low-deprivation centers; and high-graft failure, 

low-deprivation centers. Descriptive statistics were calculated for patient demographic, 

allocation, and transplant characteristics. Patient characteristics were compared across 

these four groups using the appropriate statistical tests. The relationship between center

level deprivation and time-to-event were visualized with Kaplan-Meier curves by center 

performance status. To model the relationship between patient-mix deprivation and outcome, 

we analyzed patient-mix deprivation continuously in all of our Cox proportional hazard 

models. For the sake of data depiction and ease of interpretation, we dichotomized this 

variable (dichotomized at the median). We chose a 10 year follow up period to meet the 

dual goals of examining long-term outcomes and reflecting the modern era of pediatric 

liver transplantation. Additionally, our deprivation index data were derived from 2015 US 

Census Bureau data, which further restricted our timeframe. We used random-effect Cox 

proportional hazards models to evaluate the relationship between center characteristics and 

the outcome measure. Because we were interested in center-level effects, no individual level 

characteristics were included in the Cox proportional hazard models. Models included a 

center-level random intercept to account for unmeasured center-level characteristics that 

might contribute to correlations among outcomes within each center.22 We conducted all 

analyses at the patient-level using center-level covariates because of power limitations when 

analyzing the sample at the center level (indeed, there were only 66 transplant centers in our 

sample). In developing the multivariable models, we first used univariate random-effect Cox 

proportional hazard models to evaluate the relationship between center-level patient-mix 

deprivation and center-level co-variables on the primary outcome. We used backwards 

selection procedures, including only pre-screened co-variables with a p<0.15, to sequentially 

remove variables until all variables in the final model were p<0.05. Since we wanted to 

model how center quality influenced relationships between deprivation and outcome, we 

stratified Cox proportional hazards models by center quality (high- and low-graft failure 

rate centers). We conceptualized that patients from high and low graft failure centers have 

different baseline risks of graft failure. Stratified Cox proportional hazards models assume 

different baseline hazards of each stratum. To assess for potentially different effects of 

deprivation in performance stratum, we also modeled the interaction between center quality 
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and patient-mix deprivation. All analyses were performed in R v4.0.2 (The R Foundation for 

Statistical Computing).

RESULTS

Study Population

A total of 2474 children who underwent liver transplantation in the US during our study 

period were included in these analyses. Baseline characteristics by patient-mix deprivation 

and center quality are shown in Table 1. Overall, the median age of our cohort was 2.2 (IQR 

0.8, 8.6) years, and 50.9% of the cohort were female. A majority of the cohort (77.4%) 

were non-Hispanic, and 73.5% of the cohort were white. The most common indication for 

transplant was biliary atresia (32.1%). The median deprivation index for the cohort was 0.38 

(IQR 0.30, 0.46). The median patient-mix deprivation index was 0.37 (IQR 0.31, 0.43).

In the low patient-mix deprivation groups (Table 1), patients from high graft failure centers 

were less likely to receive a living donor transplant, have a longer cold ischemia time, more 

likely to have “cholestasis” or “other” as the indication for transplant, more likely to have 

public insurance, have a lower allocation MELD/PELD at transplant, more likely to be from 

the Midwest, and more likely to live in a rural area. In the high patient-mix deprivation 

groups (Table 1), patients from high graft failure centers were more likely to be Hispanic 

ethnicity, more likely to be Black race, more likely to have “cholestasis” or “other” as 

the indication for transplant, more likely to have public insurance, more likely to be at a 

low-volume transplant center, more likely to live in the West region, and more likely to have 

be from an urban environment.

Figure 1 depicts graft failure rates by patient-mix deprivation. The overall graft survival for 

the cohort at 1, 5, and 10 years were 87.8%, 81.9%, and 77.7% respectively. Figure 2 depicts 

graft survival for patients by patient-mix deprivation at a) high graft failure institutions 

and b) low graft failure institutions. For patients cared for in centers with low patient-mix 

deprivation scores, 10-year event-free survival was 84.8% (95% CI: 81.7%, 88.1%) and 

63.2% (95% CI: 56.6%, 70.7%) for patients at low graft failure and high graft failure 

centers, respectively. For patients at high-deprivation centers, 10-year event-free survival 

was 83.5% (95% CI: 81.2%, 85.9%) and 60.0% (95% CI: 54.1%, 66.6%) for patients at low 

graft failure and high graft failure centers, respectively. For centers with low graft failure 

rates, there was no significant difference in graft survival at 10 years for patients from 

low deprivation and high deprivation centers (84.8% vs. 83.5%, respectively, p=0.19). For 

centers with high graft failure rates, there was no difference in survival for patients from low 

deprivation and high deprivation centers (63.2% vs. 60.0%, respectively, p=0.44).

Random-effect Cox proportional hazards models

Table 2 depicts results of univariate analysis of center-level characteristics on graft survival 

with a center-specific random effect. Each 0.1 increase in the patient-mix deprivation index 

was associated with a 28% (HR 1.28; 95% CI: 0.99, 1.65) increased hazard of graft failure. 

Patients from centers with a higher proportion of ‘other’ diagnoses for liver transplant 

indication and those from centers with higher median MELD/PELD at transplant had 
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increased hazard of graft failure. Patients from centers with a higher prevalence of patients 

with tumor as the indication for transplant had a lower hazard of graft failure.

In the final multivariate random-effect Cox model (Table 3), each 0.1 increase in the patient

mix deprivation index was associated with a 32% increased hazard of graft failure (HR 

1.32; 95% CI: 1.05, 1.66) after liver transplant, after adjusting for the following center level 

characteristics: proportion of patients with acute liver failure, proportion of patients with a 

tumor, and proportion of patients listed as Status 1A/1B. In the random-effect Cox models 

stratified by center quality, the effect of patient-mix deprivation was no longer significant 

(HR 1.07 95%CI: 0.89, 1.28). There was no interaction between patient-mix deprivation and 

performance status.

DISCUSSION

To our knowledge, this is the first study to evaluate the effects of a transplant center’s 

patient-mix with regards to neighborhood socioeconomic deprivation on long-term pediatric 

liver transplantation outcomes. Our findings demonstrate that post-transplant, patients at 

centers caring for predominantly high deprivation children have an increased likelihood 

of adverse outcome after transplant. However, the effect of patient-mix deprivation was 

diminished when stratified by center quality. There were centers able to achieve outcomes 

comparable with those serving primarily low deprivation populations. This suggests 

that there are center-specific practices that may mitigate the impacts of neighborhood 

socioeconomic deprivation on transplant outcomes. The gap in outcomes between high 

performance and low performance centers is wide and underscores the need to identify 

modifiable center practices that contribute to improved outcomes.

Based on these findings, we developed a conceptual framework (Figure 3) for how adverse 

social determinants (such as neighborhood deprivation) interplay with center-level factors 

and disease factors to influence transplant outcomes. A 2019 National Academy of Medicine 

report23 the authors identified 5 activities to integrate social care into medical care. These 

activities include adverse social determinant awareness, adjustment, assistance, alignment, 

and advocacy. This frameworks can help to ground future studies exploring center-level 

practices that can affect outcomes for socioeconomically deprived children.

Notably, we did not observe that increased center-level proportions of Hispanic or Black 

patients were associated with increased risk of graft failure. As we have previously 

described,3 we conceptualize race to be a social construct that captures overlapping 

but distinct social determinants to neighborhood deprivation. Such determinants include 

structural and interpersonal racism, bias, segregation, and mistrust in the healthcare system. 

In our previous study,3 we found that the effect of Black race on adverse outcomes was 

diminished when neighborhood socioeconomic deprivation was included in the models—

suggesting that this relationship is in part mediated by neighborhood deprivation. This 

study lends support to the theory that more direct measures of adverse social determinants 

(such as neighborhood deprivation) may help to explain persistent disparities seen in 

transplant outcomes. Indeed, the COVID-19 pandemic has brought to the national spotlight 

how systemic racism contributes to excess disease burden for Black Americans.24,25 Such 
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disparities may reflect the increased burden of essential jobs, overcrowding, and racial 

segregation on Black Americans. Uncovering the key underlying adverse social determinants 

that contribute to the racial disparities observed in pediatric liver transplant could lead to the 

development of interventions that result in more equitable outcomes.

Currently, regulatory agencies (e.g. SRTR and OPTN) track waitlist, and both 1- and 

3-year mortality outcomes after transplant. They do not currently include any long-term 

(>3 years) post-transplant morbidity or mortality measures. While one-year survival after 

transplant is above 90%, outcomes are less hopeful beyond 3 years. Only a third of 

pediatric transplant recipients have the ‘Ideal Outcome’ 10 years post-transplant—defined 

as normal graft function in the absence of immunosuppression morbidities.26,27 Children 

facing socioeconomic deprivation are even less likely to achieve these ideal outcomes.2,3,28 

A priority in the transplant community, therefore, should include identifying health system 

interventions that can improve both long-term outcomes—and achieve equitable outcomes

—to ensure that all children can survive and thrive well into adulthood. Regulatory 

agencies should invest in developing and reporting long-term and equity outcome metrics 

to incentivize transplant centers to accelerate center-level attention to these topics. Such 

measures must extend past simple survival metrics and incorporate measures of morbidity 

and quality of life.29

Future work should explore the practices in transplant institutions that more consistently 

achieve positive outcomes, regardless of patients’ socioeconomic status. Research to 

characterize the individual journeys patients endure across the transplant course might 

explore patient-level factors (e.g. prevalence of health-related social risks like food 

insecurity and housing instability), health system factors (e.g. how the health system does or 

does not address such social risks), and state level factors (e.g. public insurance quality) that 

may affect transplant outcomes (Table 4). Such studies might purposively sample transplant 

centers across patient-mix deprivation and center quality to surface potential provider-level 

and site-level factors that contribute to disparate outcomes. Specifically, these studies should 

explore how care should be adjusted to accommodate the unique challenges faced by 

socioeconomically disadvantaged children23 and how centers screen for and address medical 

complications—particularly for children from socioeconomically deprived neighborhoods. 

Previous studies have demonstrated that ‘failure to rescue’ (that is, failing to act on a 

complication) affects short term survival.6 Future studies explore center variation in ‘failure 

to rescue’ for long term outcomes to identify quality improvement tools that can contribute 

to improved outcomes. Such studies would ideally surface specific care practices that could 

be incorporated into national transplant-related process quality measures.

In other pediatric chronic diseases, increasing the clinical team’s awareness of social 

needs has facilitated care plan customization and increased health systems’ activities 

to strengthen social services referrals. For example, in pediatric asthma, a multi-modal 

quality improvement initiative that includes discharge huddles for patients that live in 

high risk neighborhoods, partnerships with Medicaid managed care organizations, medical 

legal partnerships, and greater connections to community resources resulted in decreased 

readmissions for asthma exacerbations.30–32 As we increase awareness of the unique 

challenges faced by families receiving transplant services, similar innovations could be 
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more systematically included in pediatric liver transplant care. These types of interventions 

could be initially tested and refined across networks such as the Society of Pediatric Liver 

Transplant (SPLIT) or Starzl Network for Excellence in Pediatric Transplantation (SNEPT).

We acknowledge several important limitations of this analysis. First, the neighborhood 

deprivation index was matched to patient’s home ZIP code. While ZIP codes are convenient, 

they are not the ideal spatial unit because they can be re-drawn by the US Postal Service to 

improve mail delivery efficiency. However, ZIP codes are readily available within the SRTR 

database and define relatively small geographical areas. As more evidence accumulates 

that neighborhood context is important and relevant to transplant outcomes,2,3,17 regulatory 

bodies should consider incorporating fixed geographical units (e.g. census blocks or census 

tracts) into the SRTR database. Second, the focus of this study was on the confluence of 

transplant center quality, neighborhood deprivation, and long-term outcomes. Therefore, we 

did not directly address regional variation in outcome (e.g. state/federal policies). This study 

lays the groundwork for future studies to evaluate the impact of state and federal policies 

on outcomes for these children. Third, our measure of center quality (center-level graft 

failure rates) also contributes to our outcome measure of patient-level graft failure. To model 

the effect of center quality, we used stratified Cox models. Such models assume different 

baseline hazard functions for children at low and high quality centers and allowed us to 

evaluate how center quality modifies the relationship between patient-mix deprivation and 

graft failure. Despite this limitation, the large gap between high and low performing centers 

(20% difference in graft survival for children) is concerning and highlights the need for 

collaborative efforts to improve care across centers and decrease inter-center variability in 

long-term outcomes. Fourth, our measure of patient-mix deprivation does not incorporate the 

range of socioeconomic deprivation for patients at a particular center. This study lays the 

groundwork for future studies to better understand how centers caring for relatively wider 

or narrower range of deprivation differ with regards to outcomes. Fifth, because of small 

numbers of patients in each racial category in this study, we classified non-white, non-Black 

children as ‘Other’. This might have limited our ability to detect additional variation across 

groups. Designing care to meet the needs of every child will require more nuanced data on 

both race and other socio-demographics. Lastly, registry study limitations, including data 

quality and robustness, are relevant to our dataset. In this case, our measures were confined 

to socioeconomic deprivation and graft failure; morbidity data might reveal opportunities for 

intervention before graft failure and death occur. However, the SRTR database is currently 

the most comprehensive transplant database in the U.S. and enables us to examine center 

variation in post-transplant morbidity.

Our findings surface large variations in long-term outcomes after pediatric liver 

transplantation that are likely to reflect underlying variation in care practices. 

Socioeconomically deprived children are at risk for adverse long-term outcomes following 

liver transplantation. Applying the principles of ‘steal[ing] shamelessly and shar[ing] 

seamlessly,’33 new studies should now examine how select transplant centers overcome 

deprivation to achieve equitable outcomes29 for children facing these socioeconomic 

barriers.
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Figure 1. Bubble plot of center-level median deprivation and 10 year center-level graft failure.
Each dot is a transplant institution. Dot size is based on transplant center volume over the 

study period.
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Figure 2. 
Event-free survival by patient-mix deprivation at a) low graft failure transplant centers and 

b) high graft failure transplant centers.
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Figure 3. Conceptual framework for the confluence of social, medical, and health-system factors 
on post-transplant outcomes.
In this adapted conceptual framework,34 patient social risks, clinical risk factors, and health 

system factors interact with one another to drive outcomes. Social and political determinants 

of health, such as structural racism, government policies, housing quality, and employment 

opportunities, are upstream and may have an impact on all of the factors depicted in this 

conceptual framework.
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Table 2.

Descriptive statistics of center-level covariables and associated univariate Cox proportional hazards analysis of 

co-variables on graft survival

Center Level Median [IQR] or N (%) Hazard of Event

N = 66 HR 
a, b 95% CI p-value

Patient-mix Deprivation Index 0.37 [0.31, 0.43] 1.28 0.99, 1.65 0.06

Median Age at Transplant 2.4 [1.7, 7.2] 1.03 0.97, 1.08 0.33

% Female 0.50 [0.38, 0.56] 1.07 0.95, 1.21 0.29

Ethnicity

 % Hispanic 0.11 [0.00, 0.25] 0.96 0.87, 1.06 0.42

Race

 % White 0.67 [0.50, 0.80] 0.97 0.89, 1.06 0.50

 % Black 0.10 [0.03, 0.26] 1.06 0.95, 1.17 0.29

 % Other 0.04 [0.00, 0.09] 1.07 0.91, 1.26 0.40

Organ Type

 % Living donor 0.02 [0.00, 0.13] 0.94 0.83, 1.06 0.29

Median Cold Ischemia Time (hr) 6.1 [5.0, 7.4] 0.99 0.89, 1.10 0.88

Underlying Liver Dx

 % Biliary atresia 0.30 [0.14, 0.37] 0.91 0.79, 1.04 0.16

 % Other Cholestasis 0.11 [0.00, 0.17] 1.08 0.96, 1.22 0.21

 % Acute Liver Failure 0.08 [0.02, 0.16] 0.86 0.70, 1.05 0.14

 % Metabolic 0.03 [0.00, 0.10] 0.84 0.65, 1.09 0.18

 % Tumor 0.03 [0.00, 0.09] 0.77 0.60, 1.01 0.05

 % Autoimmune 0.02 [0.00, 0.06] 1.11 0.96, 1.28 0.14

 % Other 0.14 [0.05, 0.22] 1.13 1.02, 1.26 0.02

Insurance Type

 % Private 0.42 [0.22, 0.53] 1.02 0.93, 1.13 0.64

 % Public 0.43 [0.34, 0.64] 1.01 0.93, 1.10 0.77

 % Other 0.00 [0.00, 0.01] 0.77 0.44, 1.34 0.35

Median Laboratory MELD/PELD 16 [13, 19] 1.04 1.00, 1.08 0.05

Median Allocation MELD/PELD 22 [20, 25] 1.02 0.92, 1.12 0.77

% Status 1A/1B 0.23 [0.10, 0.35] 1.10 0.98, 1.23 0.11

Center Transplant Volume (3 Categories)

 <5 per year 30 (45.5) REF

 5–15 per year 24 (36.4) 0.80 0.54, 1.19 0.28

 >15 per year 12 (18.2) 0.71 0.48, 1.06 0.10

Geographical Region

 Northeast 15 (22.7) REF

 Southeast 23 (34.8) 0.97 0.63, 1.49 0.89

 Midwest 18 (27.3) 1.1 0.71, 1.72 0.67

 West 10 (15.2) 0.82 0.50, 1.36 0.44

Rurality

Am J Transplant. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wadhwani et al. Page 18

Center Level Median [IQR] or N (%) Hazard of Event

N = 66 HR 
a, b 95% CI p-value

 % Rural 0.13 [0.00, 0.25] 0.96 0.84, 1.09 0.50

a.
For continuous proportion variables, hazard ratios are scaled to represent a 0.1 increase in the proportion.

b.
All random-effect Cox proportional hazards models include a center-specific random effect to account for correlation among patients from the 

same center.
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Table 3.

Final multivariable Cox proportional hazard models without and with center performance status

Multivariable Models

without Center Quality Stratified by Center Quality Stratified by Center Quality, including 
interaction

Variable HR [95%CI] p-value HR (95%CI) p-value HR (95%CI) p-value

Center Deprivation 1.32 [1.05, 1.66] 0.02 1.07 [0.89, 1.28] 0.49 1.06 (0.80, 1.40) 0.67

% Acute Liver Failure 0.81 [0.67, 0.99] 0.04 0.91 [0.78, 1.07] 0.25 0.91 (0.78, 1.07) 0.26

% Tumor 0.74 [0.58, 0.93] 0.01 0.95 [0.79, 1.15] 0.61 0.95 (0.79, 1.15) 0.62

% Status 1a/1b 1.15 [1.04, 1.28] 0.01 1.09 [1.00, 1.19] 0.05 1.09 (1.00, 1.19) 0.047

Center Deprivation*Center 
Quality Interaction

1.01 (0.70, 1.45) 0.97

HR: Hazard ratio, Prop: proportion; REF: reference

a.
For continuous proportion variables, hazard ratios are scaled to represent a 0.1 increase in the proportion.

b.
All random-effect Cox proportional hazards models include a center-specific random effect to account for correlation among patients from the 

same center.
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