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A B S T R A C T

Introduction and Objectives: Autoimmune liver diseases (AILDs): autoimmune hepatitis (AIH), primary biliary

cholangitis (PBC), and primary sclerosing cholangitis (PSC) have different survival outcomes after liver transplant (LT).

Outcomes are influenced by factors including disease burden, medical comorbidities, and socioeconomic variables.

Materials and Methods: Using the United Network for Organ Sharing database (UNOS), we identified 13,702

patients with AILDs listed for LT between 2002 and 2021. Outcomes of interest were waitlist removal, post-LT patient

survival, and post- LT graft survival. A stepwise multivariate analysis was performed adjusting for transplant recipient

gender, race, diabetes mellitus, model for end-stage liver disease (MELD) score, and additional social determinants

including the presence of education, reliance on public insurance, working for income, and U.S. citizenship status.

Results: Lack of college education and having public insurance increased the risk of waitlist removal (HR,

1.13; 95 % CI, 1.05−1.23, and HR, 1.09; 95 % CI, 1.00−1.18; respectively), and negatively influenced post-LT patient sur-

vival (HR, 1.16; 95 % CI, 1.06−1.26, and HR, 1.15; 95 % CI, 1.06−1.25; respectively) and graft survival (HR, 1.13; 95 % CI,

1.05−1.23, and HR, 1.15; 95 % CI, 1.06−1.25; respectively). Not working for income proved to have the greatest detri-

mental impact on both patient survival (HR, 1.41; 95 % CI, 1.24−1.6) and graft survival (HR, 1.21; 95 % CI, 1.09−1.35).

Conclusions: Our study highlights that lack of college education and public insurance have a detrimental

impact on waitlist mortality, patient survival, and graft survival. Not working for income negatively affects post-LT sur-

vival outcomes. Not having U.S. citizenship does not affect survival outcomes in AILDs patients.

© 2023 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Autoimmune liver diseases (AILDs) are chronic inflammatory dis-

orders that affect the hepatobiliary system. AILDs include three dis-

tinct entities: primary biliary cholangitis (PBC), primary sclerosing

cholangitis (PSC), and autoimmune hepatitis (AIH). These disorders

account for a small minority of liver transplants (LT) performed in

the United States at around 3−5 %, with alcoholic liver disease (32 %)

and hepatitis C (12 %) being the more common indications [1,2].

Survival of patients who undergo LT is influenced by a multitude

of factors, including disease burden and medical comorbidities of

both the donor and recipient. It can be challenging to differentiate

the impact of these variables from socioeconomic status factors [3].

Understanding health disparities and their effects on chronic liver

disease is fundamental to improving liver health outcomes.

Several studies have shown that certain social determinants of

health have an influence on waitlist mortality amongst patients

with AILD listed for LT [4,5]. Limited and sometimes conflicting data

is available regarding the impact on post-LT patient and graft sur-

vival amongst patients with AILDs. A previous single� center retro-

spective trial between 2000 and 2011 of 204 Hispanic and

non�Hispanic patients with PBC showed no differences in mortality

between both cohorts despite the greater severity of PBC among

Hispanic patients [6]. However, Black and Hispanic patients with

AILD had worse post-transplant mortality, according to data from

UNOS [6,7]. It is unclear if these findings are due to the underlying

AILD itself, as these two racial groups have higher waitlist mortality

across most causes of cirrhosis.

A study of 449 patients with PSC between 1988 and 2019 (404

White and 45 Black individuals) showed higher mortality from
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liver�related etiologies in Black compared to White patients (HR, 1.80;

95 % CI, 1.25−2.61) despite similar disease severity. When considering

post-LT outcomes, Black patients and individuals with public insurance

have been found to have poor survival when compared to white or

Hispanic patients and those with private insurance, respectively [7].

The goal of policies that govern the LT process is to ensure the dis-

tribution of organs to individuals with the most significant medical

need; however, disparities in many factors affect the allocation, wait-

list mortality, and post-transplant outcomes. This supports the need

to study the contemporary trends of these factors in greater detail

[8]. We sought to analyze the impact of socioeconomic factors on

AILD patients post-LT, focusing on graft and patient survival.

2. Materials and Methods

2.1. Study population

We conducted a retrospective cohort study using the United Net-

work for Organ Sharing (UNOS) database to identify adult patients

(≥18 years) listed for liver transplant (LT) due to AIH, PBC, and PSC

from February 27, 2002, to December 31, 2021. Patients with history

of previous LT, multiple-organ transplants, or acute liver failure

were excluded. We classified patients according to the etiology of

liver disease as AIH, PBC, or PSC (Fig. 1). The study data were pro-

vided by the UNOS as the contractor for the Organ Procurement and

Transplantation Network (OPTN). The authors are solely responsible

for the interpretation and reporting of these data, and the views

expressed in this study do not represent the official policy of OPTN

or the US Government. Given that, UNOS is a publicly available dei-

dentified patient-level database, institutional review board approval

was not required according to the policies of the UNOS and Beth

Israel Deaconess Medical Center.

2.2. Outcome

The primary outcome was waitlist survival, defined as the com-

posite outcome of death or removal for clinical deterioration (UNOS

removal codes 5, 8, and 13). The secondary outcomes were analyzing

patient and graft survival in the subgroup of patients who received

liver transplant.

Patient survival after a liver transplant was defined as the length

of time between the date of the transplant and the death of the

recipient, or the time lost to follow-up. The post-transplant graft sur-

vival was defined as the length of time between the transplant date

and either graft failure or the need for a re-LT. We used Cox propor-

tional hazards regression models to compare waitlist, graft, and

patient survival between patients with AIH, PBC, and PSC as the etiol-

ogy of liver disease.

2.3. Study variables

Patient characteristics were compared between etiologies of liver

disease. Recipient and donor characteristics differed and were ana-

lyzed separately. A larger number of variables was considered for the

recipient sub cohort, including age at the time of listing, gender, self-

reported race/ethnicity, body mass index (BMI), blood type, MELD

score at the time of transplant, history of diabetes mellitus (DM),

UNOS regions, education, insurance, income and citizenship. Within

the donor variables, we included gender, blood type, and age at the

time of transplant.

2.4. Statistical analysis

We stratified clinical and demographic characteristics by etiology

of liver disease and compared cohort characteristics using the Krus-

kal−Wallis test for continuous variables and Pearson’s chi-squared

test (x2) for categorical variables. Continuous variables were

reported as median with interquartile range (IQR), and categorical

variables were summarized using percentages.

To identify significant predictors of survival, we conducted for-

ward stepwise multi-variate Cox regression analyses, which were

adjusted for both recipient and donor characteristics. We included

variables that were statistically significant at the bivariate level (par-

tial regression (0.1) and partial elimination (0.05)) or were known to

be clinically relevant, such as recipient age at the time of transplant,

gender, race, diabetes mellitus, and the model for end-stage liver dis-

ease (MELD) score at the time of listing. Additionally, we considered

the donor’s age, gender and blood type as factors in our analysis. The

results are presented as hazard ratios (HRs) with 95 % confidence

intervals (CIs), and statistical significance was defined as a = 0.05,

with AIH patients as a reference group. All statistical analyses were

conducted using Stata version 17.0 (StataCorp LP, College Station, TX,

USA).

Fig. 1. Flowchart of patient record selection. UNOS: United Network for Organ Sharing; AIH: autoimmune liver hepatitis; PBC: primary biliary cholangitis; PSC: primary sclerosing

cholangitis; LT: liver transplant; y/o: years-old.
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2.5. Ethical statements

Institutional review board (IRB) approval was not required, as

UNOS contains publicly available de-identified data.

3. Results

Our study identified a total of 13,702 patients diagnosed with

autoimmune liver diseases who were listed for LT between 2002 and

2021. The cohort characteristics are presented in Table 1. The major-

ity of the population was Caucasian, with female predominance

among the AIH and PBC groups. Age was comparable among the

three groups. The median MELD score at listing was higher in the AIH

group than the PBC and PSC groups (18, 16, and 15, respectively).

Patients who received LT had higher median MELD score values at

the time of transplant (22, 22, and 20, respectively). The AIH group

had a higher median BMI than the PBC and PSC groups (28, 26 and

25, respectively) and was significantly more likely to have diabetes

(22 %, 17 %, and 11 %, respectively). In terms of the distribution of

socioeconomic variables, the PSC group had a higher likelihood of

having attained higher education, possessing private insurance, and

being employed for income as compared to the AIH and PBC groups.

On the other hand, citizenship status was similar across all three

groups.

Table 1

Cohort characteristics (n = 13,702).

AILD AIH PBC PSC p-Value

Variable N = 3940 N = 4119 N = 5643

Age, (IQR) 55 (47−56) 55 (54−60) 55 (40−56) 0.261

Gender, female n (%) 2846 (72) 3510 (85) 1935 (34) 0.001

BMI, (IQR) 28 (24−33) 26 (23−30) 25 (22−28) 0.03

Diabetes, n (%) 915 (23) 712 (17) 613 (11) <0.001

Race/ethnicity, n (%) 0.01

White 2350 (60) 2886 (70) 4395 (78)

Black 668 (17) 289 (7) 822 (15)

Hispanic 742 (19) 763 (19) 272 (5)

Asian 111 (3) 109 (7) 111 (2)

Other 69 (2) 72 (2) 43 (1)

Blood type, n (%) <0.001

0 1885 (48) 1969 (48) 2545 (45)

A 1419 (36) 1561 (38) 2132 (38)

B 506 (13) 445 (11) 754 (13)

AB 130 (3) 144 (4) 212 (4)

MELD score at listing, (IQR) 18 (13−26) 16 (12−21) 15 (11−21) 0.05

MELD score at transplant, (IQR) 22 (14−33) 22 (15−31) 20 (13−28) 0.36

Waitlist time, (IQR) 142 (20−613) 185 (46−550) 193 (55−574) <0.001

UNOS region, n (%) 0.01

1 141 (4) 157 (4) 216 (4)

2 389 (10) 399 (10) 522 (9)

3 623 (16) 547 (13) 774 (14)

4 467 (12) 443 (11) 389 (7)

5 623 (16) 698 (17) 694 (12)

6 123 (3) 129 (3) 209 (4)

7 272 (7) 386 (9) 651 (12)

8 314 (8) 304 (7) 537 (10)

9 263 (7) 315 (7) 396 (7)

10 325 (8) 442 (11) 729 (13)

11 400 (10) 299 (7) 526 (9)

Education, n (%) <0.001

College 2180 (55) 2098 (51) 3859 (68)

Working for income, n (%) <0.001

Income 702 (18) 754 (18) 1855 (33)

No income 3238 (82) 3365 (82) 3788 (67)

Insurance, n (%) <0.001

Private 2270 (58) 2250 (55) 3911 (69)

Public 1670 (42) 1869 (45) 1732 (31)

Citizenship, n (%) 0.01

US citizen 3729 (95) 3887 (94) 5490 (97)

Non-US citizen 211 (5) 232 (6) 153 (3)

Donor characteristics

Age 39 (25−53) 43 (27−56) 40 (27−53) 0.036

Gender, female n (%) 1097 (44 %) 1274 (48 %) 1834 (42 %) 0.05

Blood type, n (%) 0.02

0 1303 (52 %) 1353 (51 %) 2127 (49 %)

A 866 (35 %) 939 (36 %) 1561 (36 %)

B 270 (11 %) 274 (10 %) 527 (12 %)

AB 59 (2 %) 71 (3 %) 120 (3 %)

AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; BMI, body mass

index; MELD, model for end-stage liver disease; UNOS, United Network for Organ Sharing; US, United States; IQR,

interquartile range.

Kruskal−Wallis test for continuous variables and Pearson’s chi-squared test (x2) for categorical variables. Con-

tinuous variables were reported as median with interquartile range (IQR), and categorical variables were sum-

marized using percentages.
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3.1. Waitlist survival

Our findings on univariate analysis (Table 2) demonstrate that

when compared to the AIH group (established as the reference

group), the PBC group had a higher risk of waitlist removal for death

or clinical deterioration (HR, 1.24; 95 % CI, 1.14− 1.37; p < 0.001),

while the PSC group did not show an increased risk of waitlist

removal (HR, 0.64; 95 % CI, 0.58−0.71; p < 0.001). Among the socio-

economic variables included in the study, Hispanic race (HR, 1.25;

95 % CI, 1.13−1.40; p = 0.000), lack of college education (HR, 1.35;

95 % CI, 1.25−1.45; p = 0.000), public insurance (HR, 1.32; 95 % CI,

1.22−1.43; p = 0.000), non-US citizenship (HR, 1.26; 95 % CI, 1.07

−1.50; p = 0.007), and not working for income (HR, 1.55; 95 % CI, 1.41

−1.70; p = 0.000) were all significantly associated with an increased

risk of waitlist removal.

In the stepwise multivariate analyses the PBC group (HR, 1.49;

95 % CI, 1.37− 1.63; p = 0.000) had an increased risk of waitlist

removal compared to AIH. Age had a detrimental effect on waitlist

removal (HR, 1.03; 95 % CI, 1.02− 1.03; p = 0.000). Black/African

American race showed improved patient survival compared to White

race (HR, 1.20; 95 % CI, 1.06−1.36; p = 0.000). Among the socioeco-

nomic variables, no college education (HR, 1.13; 95 % CI, 1.05−1.23;

Table 2

Cox proportional�hazards regression model of predictors of waitlist mortality.

Univariate analysis Stepwise multivariate analysis

Variable Hazard Ratio 95 % CI p-Value Hazard Ratio 95 % CI p-Value

Disease

AIH [Reference] [Reference]

PBC 1.24 1.14−1.37 <0.001 1.49 1.37−1.63 0.000

PSC 0.64 0.58−0.71 <0.001 − − −

Age 1.03 1.02−1.03 0.000 1.02 1.02−1.03 0.000

Male gender 0.69 0.63−0.75 0.000 0.83 0.76−0.92 0.000

Race

White [Reference] [Reference]

Black/AA 0.90 0.79−1.03 0.134 0.84 0.74−0.96 0.016

Hispanic 1.25 1.13−1.40 0.000 − − −

Asian 1.02 0.80−1.32 0.875 − − −

Other 1.40 1.02−1.91 0.036 − − −

Diabetes mellitus 1.52 1.39−1.68 0.000 1.31 1.19−1.45 0.000

BMI 1.00 0.99−1.00 0.699 − − −

MELD at listing 1.14 1.13−1.14 0.000 1.14 1.14−1.15 0.000

No college 1.35 1.25−1.45 0.000 1.13 1.05−1.23 0.002

education

Public insurance 1.32 1.22−1.43 0.000 1.09 1.00−1.18 0.043

Non-US citizen 1.26 1.07−1.50 0.007 − − −

No income 1.55 1.41−1.70 0.000 − − −

CI, confidence interval; AIH, Autoimmune hepatitis; PBC, Primary Biliary Cholangitis; PSC, Primary Sclerosing

Cholangitis; AA, African American; BMI, body mass index; MELD, model for end-stage liver disease; US, United

States.

Table 3

Cox proportional�hazards regression model of predictors of patient survival.

Univariate analysis Stepwise multivariate analysis

Variable Hazard Ratio 95 % CI p-Value Hazard Ratio 95 % CI p-Value

Disease

AIH [Reference] [Reference]

PBC 0.91 0.82−1.02 0.107 0.88 0.78−0.98 0.023

PSC 0.76 0.69−0.84 0.000 0.81 0.73−0.91 0.000

Recipient age 1.02 1.02−1.02 0.000 1.02 1.01−1.02 0.000

Male gender 1.02 0.93−1.11 0.684 1.23 1.11−1.35 0.000

Race

White [Reference] [Reference]

Black/AA 1.11 0.99−1.25 0.082 1.20 1.06−1.36 0.000

Hispanic 1.01 0.88−1.16 0.868 − − −

Asian 0.64 0.44−0.92 0.017 0.62 0.43−0.89 0.011

Other 1.16 0.80−1.67 0.442 − − −

Diabetes mellitus 1.60 1.45−1.78 0.000 1.37 1.23−1.52 0.000

BMI 1.01 1.01−1.02 0.000 − − −

MELD at listing 1.01 1.00−1.01 0.001 − − −

Donor age 1.01 1.00−1.01 0.000 1.01 1.06−1.26 0.000

Donor male 1.02 0.94−1.12 0.550 − − −

Gender

No college 1.28 1.17−1.39 0.000 1.16 1.06−1.26 0.001

education

Public insurance 1.43 1.31−1.56 0.000 1.15 1.06−1.25 0.001

Non-US citizen 0.85 0.65−1.11 0.238 − − −

No income 1.66 1.48−1.88 0.000 1.41 1.24−1.60 0.000

CI, confidence interval; AIH, Autoimmune hepatitis; PBC, Primary Biliary Cholangitis; PSC, Primary Sclerosing Cholangitis;

AA, African American; BMI, body mass index; MELD, model for end-stage liver disease; US, United States.
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p = 0.002) and relying on public insurance (HR, 1.09; 95 % CI, 1.00

−1.18; p = 0.043) had a detrimental impact on the risk of being

removed from the waitlist for death or clinical deterioration.

3.2. Patient and graft survival

From the initial cohort, 9470 patients received a LT. Our findings

on the univariate analysis demonstrate that PSC was associated with

improved survival relative to AIH (HR, 0.76; 95 % CI, 0.69−0.84;

p = 0.000) (Table 3). Among the socioeconomic variables included in

the study, Black/African-American race (HR, 1.11: 95 % CI, 0.99−1.25;

p = 0.082), no-college education (HR, 1.28; 95 % CI, 1.17−1.39;

p = 0.000), public insurance (HR, 1.43; 95 % CI, 1.31−1.56; p = 0.000),

and no income (HR, 1.66; 95 % CI, 1.48−1.88; p = 0.000) were all asso-

ciated with and increased risk of post-transplant mortality.

Post-transplant patient survival rates at 5 and 10 years for those

working for income (88.9 %, and 79.3 %, respectively; p = 0.000) were

significantly better than those with no income (81.3 %, and 69.6 %,

Fig. 2. Kaplan-Meier curves demonstrating post-transplant patient survival when analyzed by (A) working for income, (B) type of insurance, and (C) education.
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respectively; p = 0.000). Similarly, our analysis revealed that among

those with private insurance, there was post-transplant patient sur-

vival benefit at both 5 and 10 years (84.8 %, and 74.9 %, respectively;

p = 0.000) compared to those with public insurance (79.8 %, and

65.8 %, respectively; p = 0.000). Comparably, there was a post-trans-

plant patient survival benefit for those with a college education at 5

and 10 years (88.9 %, and 79.3 %, respectively; p = 0.000) compared to

those without a college education (81.3 %, and 69.6 %, respectively;

p = 0.000) (Fig. 2).

In the stepwise multivariate analyses (Table 3), PBC (HR, 0.88;

95 % CI, 0.78−0.98; p = 0.023) and PSC (HR, 0.81; 95 % CI, 0.73−0.91;

p = 0.000) had an improved survival compared to AIH. The socioeco-

nomic variables African American race (HR, 1.20; 95 % CI, 1.06−1.36;

p = 0.000), lack of college education (HR, 1.16; 95 % CI, 1.06−1.26;

p = 0.001), having public insurance (HR, 1.15; 95 % CI, 1.06−1.25;

p = 0.001) and not working for income (HR, 1.41; 95 % CI, 1.24−1.60;

p = 0.000) all had a detrimental impact on post-LT patient survival. In

contrast, Asians (HR, 0.62; 95 % CI, 0.43−0.89; p = 0.045) showed

improved patient survival.

On the univariate Cox regression analysis to examine post-trans-

plant graft survival (Table 4), PBC (HR, 0.85; 95 % CI, 0.77−0.95;

p = 0.003) and PSC (HR, 0.92; 95 % CI, 0.83−1.00; p = 0.058) had an

improved graft survival compared to AIH. Among the socioeconomic

factors, Black/African American race (HR, 1.14; 95 % CI, 1.02−1.27;

p = 0.018), having no college education (HR, 1.16; 95 % CI, 1.08−1.26;

p = 0.000), dependance on public insurance (HR, 1.22; 95 % CI, 1.13

−1.33; p = 0.000), and not working for income (HR, 1.28; 95 % CI, 1.15

−1.41; p = 0.000) were associated with an increased risk of post-

transplant graft failure.

The post-transplant graft survival rates at 5 and 10 years were

higher in those working for income (87.8 %, and 77.4 %, respec-

tively; p = 0.000) when compared to those with no income

(80.5 %, and 68.8 %, respectively; p = 0.000). Also, there was a

graft survival benefit at 5 and 10 years for those with private

insurance (83.8 %, and 73.7 %, respectively; p = 0.000) compared

to public insurance (79 %, and 65.1 %, respectively; p = 0.000).

Similarly, graft survival rates at 5 and 10 years benefitted those

with a college education (83.7 %, and 73.1 %, respectively;

p = 0.000) when compared to those without college education

(79.5 %, and 67.06 %, respectively; p = 0.000) (Fig. 3).

In stepwise multivariate analyses, only the significant variables

are listed. Black/African American race (HR, 1.13; 95 % CI, 1.01−1.26;

p = 0.002) was associated with decreased graft survival. In contrast,

Hispanics (HR, 0.87; 95 % CI, 0.76− 0.99; p = 0.033) and Asians (HR,

0.73; 95 % CI, 0.54−0.99; p = 0.045) showed improved graft survival.

Other socioeconomic variables including no college education

(HR, 1.13; 95 % CI, 1.05−1.23; p = 0.002), public insurance (HR, 1.15;

95 % CI, 1.06−1.25; p = 0.001), and not working for income (HR, 1.21;

95 % CI, 1.09−1.35; p = 0.000) were associated with an increased risk

of post-transplant graft failure.

4. Discussion

Previous research on autoimmune liver patients has focused on

survival outcomes, but few studies have examined the influence of

specific variables on waitlist, patient, or graft survival. The impact of

socioeconomic determinants remains inadequately explored, with

limited available literature for comparison.

Our findings show that PBC patients have a higher risk of waitlist

removal due to death or clinical deterioration compared to AIH or

PSC patients. Female gender was more prevalent in AIH and PBC,

while less in the PSC group. These findings support Goyes et al.’s

study, which demonstrated higher waitlist mortality risk in AIH and

PBC patients compared to other liver etiologies [9]. Additional studies

[10,11], such as Zhou et al.’s work, revealed a 20 % cumulative inci-

dence of mortality risk among PBC patients, the highest among the

investigated liver diseases [10]. Frailty is a well-known predictor of

mortality in individuals with cirrhosis [12]. Osteoporosis and sarco-

penia are common in PBC [13,14], and their combination, osteosarco-

penia, is an independent risk factor for frailty [15]. Thus, frailty

prevalence in PBC may contribute to increased waitlist mortality.

Moreover, patients with PBC often experience non-specific symp-

toms, including intense itching, fatigue, and anxiety, significantly

impacting their quality of life [16]. The MELD score, used to evaluate

Table 4

Cox proportional�hazards regression model of predictors of graft survival.

Univariate analysis Stepwise multivariate analysis

Variable Hazard Ratio 95 % CI p-Value Hazard Ratio 95 % CI p-Value

Disease

AIH [Reference] [Reference]

PBC 0.85 0.77−0.95 0.003 − − −

PSC 0.92 0.83−1.00 0.058 − − −

Recipient age 1.00 1.00−1.01 0.038 − − −

Male gender 1.13 1.05−1.22 0.001 1.19 1.10−1.29 0.000

Race

White [Reference] [Reference]

Black/AA 1.14 1.02−1.27 0.018 1.13 1.01−1.26 0.002

Hispanic 0.91 0.80−1.03 0.165 0.87 0.76−0.99 0.033

Asian 0.75 0.55−1.01 0.064 0.73 0.54−0.99 0.045

Other 1.11 0.79−1.55 0.794 − − −

Diabetes mellitus 1.35 1.22−1.49 0.000 1.29 1.16−1.42 0.000

BMI 1.01 0.99−1.01 0.058 − − −

MELD at listing 1.01 1.00−1.01 0.025 − − −

MELD at transplant 1.00 0.99−1.01 0.114 − − −

Donor age 1.01 1.01−1.01 0.000 1.01 1.01−1.01 0.000

Donor male gender 1.01 0.93−1.09 0.869 −

No college 1.16 1.08−1.26 0.000 1.13 1.05−1.23 0.002

education

Public insurance 1.23 1.13−1.33 0.000 1.15 1.06−1.25 0.001

Non-US citizen 0.86 0.68−0.89 0.213 − − −

No income 1.28 1.15−1.41 0.000 1.21 1.09−1.35 0.000

CI, confidence interval; AIH, Autoimmune hepatitis; PBC, Primary Biliary Cholangitis; PSC, Primary Sclerosing Chol-

angitis; AA, African American; BMI, body mass index; MELD, model for end-stage liver disease; US, United States.

L. Sierra, A. Marenco-Flores, R. Barba et al. Annals of Hepatology 29 (2024) 101283

6



waitlist mortality risk, may not comprehensively assess a patient’s

overall health [16]. These symptoms can potentially contribute to

waitlist removal due to clinical deterioration in these patients.

Interestingly, despite the higher risk of pre-transplant waitlist

mortality in PBC compared to AIH patients, a contrasting pattern

was found in post-transplant outcomes. PBC patients showed

superior graft survival rates compared to the AIH group. Multiple

studies, including Jacob et al.’s study on 100 PBC liver transplant

patients monitored for 118 months, support these findings [17].

Only two patients experienced organ dysfunction attributed to

PBC recurrence. Possible factors contributing to improved post-

transplant outcomes in PBC patients include a favorable response

to immunosuppressive therapy or less severe disease recurrence.

Furthermore, PSC patients may have worse post-transplant

Fig. 3. Kaplan-Meier curves demonstrating post-transplant graft survival when analyzed by (A) working for income, (B) type of insurance, and (C) education.
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outcomes due to increased cholangiocarcinoma burden, poten-

tially explaining this phenomenon.

Within the domain of liver diseases, social determinants play a

crucial role in the survival outcomes of patients with chronic liver

disease [8,18−21]. Our study explored factors affecting survival rates

in autoimmune liver patients pre- and post-transplant. We examined

variables including lack of college education, reliance on public insur-

ance, non-US citizenship, and absence of income.

All four variables, except for non-US citizenship, influenced on

either the waitlist status or the subsequent survival of both patients

and grafts. Specifically, lack of college education and dependence on

public insurance negatively affected waitlist outcomes and patient

and graft survival rates. Furthermore, the absence of income had the

greatest negative impact on both patient and graft survival rates

among all the social variables; however, it does not seemingly have

an impact on the risk of waitlist mortality. These results highlight the

complex relationship between social variables and outcomes.

The negative impact of lack of education and dependence on pub-

lic insurance can be attributed to several factors. First, lack of educa-

tion may correlate with limited access to health resources, leading to

delays in seeking medical help, inadequate preventative care, and

overall suboptimal health outcomes. Second, dependence on public

insurance often reflects lower socioeconomic status and limited

financial resources, hindering access to quality healthcare services,

including timely medical evaluations, necessary tests, and treat-

ments. Furthermore, these individuals may face additional barriers,

such as limited transportation options or challenges navigating the

healthcare system, impeding their ability to access transplant serv-

ices and follow post-transplant care requirements effectively. This

limited access to prompt medical assessments, necessary tests, treat-

ments, and transportation options may contribute to the adverse

effects on waitlist outcomes, as well as patient and graft survival

rates.

In terms of income, individuals with lower socioeconomic status may

face barriers in post-transplant follow-up and treatment adherence

attributable to limited health literacy, inadequate social support, and con-

strained financial means [22−24]. These barriers could lead to adverse

waitlist outcomes and suboptimal post-transplant survival rates. Further-

more, the employment status of transplant candidates, who might be

underemployed or unemployed, may not accurately capture their

authentic socioeconomic status [23,24]. This aspect further compounds

their challenges in accessing healthcare services, subsequently affecting

their overall health and the likelihood of survival after a liver transplant.

Notably, other factors like older age, diabetes, and higher MELD

score at transplant negatively affected waitlist survival in autoim-

mune liver disease patients. Studies support these findings; Durand

et al. identified higher MELD scores and older age as significant risk

factors for waitlist mortality across all liver diseases [22]. In terms of

ethnicity, our study found no significant negative impact on waitlist

mortality risk, differing from prior research [10,16,21,25−27]. Inter-

estingly, Asians and Hispanics had better post-transplant survival

outcomes. For Asian patients, their smaller body size and lower rates

of conditions like hypertension, diabetes, and kidney disease could

contribute [21]. Among Hispanics, cultural factors, such as strong

family bonds and social support, may also enhance their outcomes

[24,25].

Based on our study’s evaluation of socioeconomic variables in

autoimmune liver diseases, supported by prior research [27−29], we

strongly urge clinicians to develop tailored pre- and post-transplant

care strategies for autoimmune liver transplant patients. Addressing

the healthcare barriers faced by underserved patients could be crucial

for enhancing survival rates within this population. Notably, these

variables are not currently integrated into pre-transplant prediction

models. However, considering that the incorporation of relevant vari-

ables in mortality prediction models, exemplified by MELD 3.0, has

shown a potential to significantly reduce waitlist deaths by

approximately 20 cases annually [30], underscores the benefits of

this approach for future consideration.

Although many benefits can be present, this study is subject to

several limitations that should be acknowledged. First, the data

source for this study was the UNOS database, in which the data col-

lection process may have introduced errors and missing data, and

there may be unmeasured confounding variables and bias that could

influence the study outcomes. These unmeasured variables could

have potential impacts on the outcomes of interest and their omis-

sion may limit the comprehensive interpretation of the relationship

between social determinants and survival rates in autoimmune liver

disease patients.

The retrospective design of this study also has inherent limita-

tions. As it relies on existing data, there is limited control over varia-

bles with the potential introduction of recall bias. Future prospective

studies with carefully controlled variables could provide more robust

evidence to support the findings. External factors such as advance-

ments in medical treatments or changes in healthcare policies were

not considered in this study. These factors could have influenced the

outcomes of interest and should be considered in future research to

obtain a more comprehensive understanding of the topic.

5. Conclusions

Our study provides a comprehensive insight into survival out-

comes in autoimmune liver diseases. In addition to analyzing previ-

ously identified factors that influence survival rates, we examined

the impact of social determinants, which to our knowledge has not

been evaluated in this population group previously. The findings

clearly demonstrated a remarkable impact of social determinants on

the overall prognosis and effectiveness of liver transplant in autoim-

mune liver disease patients.

Future studies are warranted investigating strategies to target and

mitigate these imbalances - striving for more equitable results and

improving the overall success of liver transplant in patients with

AILD.
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