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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 % (1, 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 % (I, 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 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, 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

Abbreviations: AIH, autoimmune hepatitis; AILDs, autoimmune liver diseases; LT,
liver transplant; MELD, model for end-stage liver disease; PBC, primary biliary cholan-
gitis; PSC, primary sclerosing cholangitis; UNOS, United Network for Organ Sharing
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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 % (I, 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
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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 « = 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).

UNOS: all patients listed for first liver
transplant between 2002 and 2021

Excluded:

Patients with history of

!

previous LT, multiple-
organ transplants, acute

Included only diagnosis of AIH, PBC, PSC liver failure, and other
(n=13,702) diagnosis, missing data,
/Nd o
AlH PBC PSC
(n=3940) (n=4119) (n=5643)
‘ ‘ Excluded:

Out of the initial cohort,

4,232 patients  were

LT

n=9,470

excluded because they
either lost follow-up or
did not receive a LT.

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.



L. Sierra, A. Marenco-Flores, R. Barba et al.
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
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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
BM], (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 %)

AlH, 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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Table 2
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Cox proportional—hazards regression model of predictors of waitlist mortality.

Univariate analysis

Stepwise multivariate analysis

Variable Hazard Ratio 95 %Cl p-Value  Hazard Ratio  95%Cl 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 0.000 131 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 135 1.25-1.45 0.000 1.13 1.05-1.23 0.002
education
Public insurance 132 1.22-143 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 - - -

(I, 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.

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 % (I, 1.25—1.45; p = 0.000), public insurance (HR, 1.32; 95 % (I,

Table 3

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;

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

Univariate analysis

Stepwise multivariate analysis

Variable Hazard Ratio 95 % Cl p-Value  HazardRatio  95%Cl p-Value
Disease
AIH [Reference] [Reference]
PBC 091 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 143 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 0.000 141 1.24-1.60 0.000

(I, 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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A. Kaplan—Meier post-transplant patient survival estimates
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C. Kaplan—Meier post-transplant patient survival estimates
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Fig. 2. Kaplan-Meier curves demonstrating post-transplant patient survival when analyzed by (A) working for income, (B) type of insurance, and (C) education.

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

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.
From the initial cohort, 9470 patients received a LT. Our findings Post-transplant pa

tient 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 %,
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Table 4
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Cox proportional—hazards regression model of predictors of graft survival.

Univariate analysis

Stepwise multivariate analysis

Variable Hazard Ratio 95 %Cl p-Value  Hazard Ratio 95 %Cl 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 113 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 091 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 135 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.

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 % (I, 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 % Cl, 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
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A. Kaplan—Meier graft survival estimates
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Fig. 3. Kaplan-Meier curves demonstrating post-transplant graft survival when analyzed by (A) working for income, (B) type of insurance, and (C) education.

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
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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
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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.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author contributions

Leandro Sierra: Conceptualization, Project administration, Visu-
alization, Writing — original draft, Writing — review & editing.
Ana Marenco-Flores: Conceptualization, Project administration,
Visualization, Writing — original draft, Writing — review & edit-
ing. Romelia Barba: Conceptualization, Project administration,
Visualization, Writing — original draft, Writing — review & edit-
ing. Daniela Goyes: Conceptualization, Data curation, Formal anal-
ysis, Investigation, Methodology, Project administration, Software,
Validation, Visualization, Writing — original draft, Writing —
review & editing. Bryan Ferrigno: Conceptualization, Project
administration, Visualization, Writing — original draft, Writing —
review & editing. Wilfor Diaz: Conceptualization, Visualization,
Writing — original draft, Writing — review & editing. Esli Medina-
Morales: Conceptualization, Visualization, Writing — original
draft, Writing — review & editing. Behnam Saberi: Conceptualiza-
tion, Methodology, Supervision, Validation, Visualization. Vilas R
Patwardhan: Conceptualization, Methodology, Supervision, Vali-
dation, Visualization. Alan Bonder: Conceptualization, Data cura-
tion, Formal analysis, Investigation, Methodology, Project
administration, Supervision, Validation, Visualization, Writing —
original draft.



L. Sierra, A. Marenco-Flores, R. Barba et al.
Conflicts of interest

AB sits on the science advisory board of Intercept and is a primary
investigator for trials for Zydus Therapeutics Inc., ChemomAb Ltd.,
CymaBay Therapeutics Inc., Mirum Pharmaceuticals Inc., Intercept
Pharmaceuticals, Gilead Sciences, and CARA; he receives royalties or
holds licenses from UptoDate and DynaMed; he works with the
AASLD Editorial Board for Clinical Liver Disease; and he has given
expert testimony for Expert Review, Inc. The other authors do not
have conflicts of interest relevant to this work.

References

[1] Gumm A, Perez-Atayde A, Wehrman A. Posttransplant considerations in autoim-
mune liver disease: recurrence of disease and de novo. Clin Liver Dis (Hoboken)
2022;20(4):130-5. https://doi.org/10.1002/cld.1239.

[2] Kwong AJ, Ebel NH, Kim WR, Lake JR, Smith JM, Schladt DP, et al. OPTN/SRTR 2020
Annual data report: liver. Am ] Transplant 2022;22:204-309. https://doi.org/
10.1111/ajt.16978.

[3] Huang DC, Fricker ZP, Alqahtani S, Tamim H, Saberi B, Bonder A. The influence of
equitable access policies and socioeconomic factors on post-liver transplant survival.
EClinicalMedicine 2021;41:101137. https://doi.org/10.1016/j.eclinm.2021.101137.

[4] Nephew LD, Serper M. Racial, gender, and socioeconomic disparities in liver
transplantation. Liver Transpl 2021;27(6):900-12. https://doi.org/10.1002/
1t.25996.

[5] Mazumder NR, Simpson D, Atiemo K, Jackson K, Zhao L, Daud A, et al. Black

patients with cirrhosis have higher mortality and lower transplant rates: results

from a metropolitan cohort study. Hepatology 2021;74(2):926-36. https://doi.
org/10.1002/hep.31742.

Levy C, Naik J, Giordano C, Mandalia A, O’Brien C, Bhamidimarri KR, et al. His-

panics with primary biliary cirrhosis are more likely to have features of autoim-

mune hepatitis and reduced response to ursodeoxycholic acid than non-

Hispanics. Clin Gastroenterol Hepatol 2014;12(8):1398-405. https://doi.org/

10.1016/j.cgh.2013.12.010.

Are VS, Vilar-Gomez E, Gromski MA, Akisik F, Lammert C, Ghabril M, et al. Racial

differences in primary sclerosing cholangitis mortality is associated with commu-

nity socioeconomic status. Liver Int 2021;41(11):2703-11. https://doi.org/
10.1111/1iv.15008.
[8] Kardashian A, Serper M, Terrault N, Nephew LD. Health disparities in chronic liver
disease. Hepatology 2023;77(4):1382-403. https://doi.org/10.1002/hep.32743.
[9] Goyes D, Danford CJ, Nsubuga JP, Bonder A. Waitlist mortality and transplant free
survival in Hispanic patients listed for liver transplant using the UNOS database.
Ann Hepatol 2021;23:100304. https://doi.org/10.1016/j.aohep.2021.100304.

[10] Zhou K, Dodge JL, Xu E, Emamaullee ], Kahn JA. Excess liver transplant waitlist
mortality for patients with primary biliary cholangitis under MELD-Na allocation.
Clin Transplant 2022;36(2):e14527. https://doi.org/10.1111/ctr.14527.

[11] Singal AK, Fang X, Kaif M, Hasanin M, Mcguire BM, Kuo YF, et al. Primary biliary
cirrhosis has high wait-list mortality among patients listed for liver transplanta-
tion. Transpl Int 2017;30(5):454-62. https://doi.org/10.1111/tri.12877.

[12] Xu CQ, Yao F, Mohamad Y, Wong R, Kent D, Seetharaman S, et al. Evaluating the
associations between the liver frailty index and karnofsky performance status
with waitlist mortality. Transpl Direct 2021;7(2):e651. https://doi.org/10.1097/
TXD.0000000000001097.

[13] Trivedi HD, Danford CJ, Goyes D, Bonder A. Osteoporosis in primary biliary chol-
angitis: prevalence, impact and management challenges. Clin Exp Gastroenterol
2020;13. https://doi.org/10.2147|CEG.S204638.

[6

[7

Annals of Hepatology 29 (2024) 101283

[14] Danford (J, Trivedi HD, Papamichael K, Tapper EB, Bonder A. Osteoporosis in pri-
mary biliary cholangitis. World ] Gastroenterol 2018;24(31):3513-20. https://doi.
org/10.3748/wjg.v24.i31.3513.

[15] Inoue T, Maeda K, Satake S, Matsui Y, Arai H. Osteosarcopenia, the co-existence of
osteoporosis and sarcopenia, is associated with social frailty in older adults. Aging
Clin Exp Res 2022;34(3):535-43. https://doi.org/10.1007/s40520-021-01968-y.

[16] Suri JS, Danford CJ, Patwardhan V, Bonder A. Mortality on the UNOS waitlist for
patients with autoimmune liver disease. ] Clin Med 2020;9(2):319. https://doi.
org/10.3390/jcm9020319.

[17] Jacob DA, Neumann UP, Bahra M, Klupp ], Puhl G, Neuhaus R, et al. Long-term fol-
low-up after recurrence of primary biliary cirrhosis after liver transplantation in
100 patients. Clin Transplant 2006;20(2):211-20. https://doi.org/10.1111/j.1399-
0012.2005.00471 X.

[18] Eckhoff DE, McGuire BM, Young CJ, Sellers MT, Frenette LR, Hudson SL, et al. Race:
a critical factor in organ donation, patient referral and selection, and orthotopic
liver transplantation? Liver Transpl Surg 1998;4(6):499-505. https://doi.org/
10.1002/1t.500040606.

[19] Gutin L, Yao F, Dodge JL, Grab J, Mehta N. Comparison of liver transplant wait-list
outcomes among patients with hepatocellular carcinoma with public vs private
medical insurance. JAMA Netw Open 2019;2(8):e1910326. https://doi.org/
10.1001/jamanetworkopen.2019.10326.

[20] Huang DC, Yu RL, Alqahtani S, Tamim H, Saberi B, Bonder A. Racial, ethnic, and
socioeconomic disparities impact post-liver transplant survival in patients with
hepatocellular carcinoma. Ann Hepatol 2023:101127. https://doi.org/10.1016/j.
aohep.2023.101127.

[21] Sierra L, Barba R, Ferrigno B, Goyes D, Diaz W, Patwardhan VR, et al. Living-donor
liver transplant and improved post-transplant survival in patients with primary
sclerosing cholangitis. J Clin Med 2023;12(8):2807. https://doi.org/10.3390/
jcm12082807.

[22] Durand F, Levitsky ], Cauchy F, Gilgenkrantz H, Soubrane O, Francoz C. Age and
liver transplantation. ] Hepatol 2019;70(4):745-58. https://doi.org/10.1016/j.
jhep.2018.12.009.

[23] Yoo HY, Thuluvath PJ. Outcome of liver transplantation in adult recipients: influ-
ence of neighborhood income, education, and insurance. Liver Transpl 2004;10
(2):235-43. https://doi.org/10.1002/1t.20069.

[24] Schwartz A, Schiano T, Kim-Schluger L, Florman S. Geographic disparity: the
dilemma of lower socioeconomic status, multiple listing, and death on the liver
transplant waiting list. Clin Transplant 2014;28(10):1075-9. https://doi.org/
10.1111/ctr.12429.

[25] Ochoa-Allemant P, Ezaz G, Trivedi HD, Sanchez-Fernandez L, Bonder A. Long-term
outcomes after liver transplantation in the Hispanic population. Liver Int 2019.
https://doi.org/10.1111/liv.14248.

[26] Webb GJ, Rana A, Hodson J, Akhtar MZ, Ferguson JW, Neuberger M, et al. Twenty-
year comparative analysis of patients with autoimmune liver diseases on trans-
plant waitlists. Clin Gastroenterol Hepatol 2018;16(2):278-87 e7. https://doi.org/
10.1016/j.cgh.2017.09.062.

[27] Kemmer N. Ethnic disparities in liver transplantation. Gastroenterol Hepatol (N Y)
2011;7(5):302-7 PM(C3127035.

[28] Nsubuga JP, Goyes D, Trivedi HD, Medina-Morales E, Patwardhan V, Bonder A.
Waitlist mortality and posttransplant outcomes in African Americans with auto-
immune liver diseases. ] Transplant 2021;2021:6692049. https://doi.org/10.1155/
2021/6692049.

[29] Wong LL, Hernandez BY, Albright CL. Socioeconomic factors affect disparities in
access to liver transplant for hepatocellular cancer. ] Transplant 2012;
2012:870659. https://doi.org/10.1155/2012/870659.

[30] (a) Kim WR, Mannalithara A, Heimbach JK, Kamath PS, Asrani SK, Biggins SW,
et al. MELD 3.0: the model for end-stage liver disease updated for the modern
era. Gastroenterology 2021;161(6):1887-95 e4. https://doi.org/10.1053/j.gas-
tr0.2021.08.050. (b) Singh SP, Maiwall R. MELD 3.0: a better score for liver alloca-
tion? Liver Transpl 2023. https://doi.org/10.1097/LVT.0000000000000180.


https://doi.org/10.1002/cld.1239
https://doi.org/10.1111/ajt.16978
https://doi.org/10.1111/ajt.16978
https://doi.org/10.1016/j.eclinm.2021.101137
https://doi.org/10.1002/lt.25996
https://doi.org/10.1002/lt.25996
https://doi.org/10.1002/hep.31742
https://doi.org/10.1002/hep.31742
https://doi.org/10.1016/j.cgh.2013.12.010
https://doi.org/10.1016/j.cgh.2013.12.010
https://doi.org/10.1111/liv.15008
https://doi.org/10.1111/liv.15008
https://doi.org/10.1002/hep.32743
https://doi.org/10.1016/j.aohep.2021.100304
https://doi.org/10.1111/ctr.14527
https://doi.org/10.1111/tri.12877
https://doi.org/10.1097/TXD.0000000000001097
https://doi.org/10.1097/TXD.0000000000001097
https://doi.org/10.2147/CEG.S204638
https://doi.org/10.3748/wjg.v24.i31.3513
https://doi.org/10.3748/wjg.v24.i31.3513
https://doi.org/10.1007/s40520-021-01968-y
https://doi.org/10.3390/jcm9020319
https://doi.org/10.3390/jcm9020319
https://doi.org/10.1111/j.1399-0012.2005.00471.x
https://doi.org/10.1111/j.1399-0012.2005.00471.x
https://doi.org/10.1002/lt.500040606
https://doi.org/10.1002/lt.500040606
https://doi.org/10.1001/jamanetworkopen.2019.10326
https://doi.org/10.1001/jamanetworkopen.2019.10326
https://doi.org/10.1016/j.aohep.2023.101127
https://doi.org/10.1016/j.aohep.2023.101127
https://doi.org/10.3390/jcm12082807
https://doi.org/10.3390/jcm12082807
https://doi.org/10.1016/j.jhep.2018.12.009
https://doi.org/10.1016/j.jhep.2018.12.009
https://doi.org/10.1002/lt.20069
https://doi.org/10.1111/ctr.12429
https://doi.org/10.1111/ctr.12429
https://doi.org/10.1111/liv.14248
https://doi.org/10.1016/j.cgh.2017.09.062
https://doi.org/10.1016/j.cgh.2017.09.062
http://refhub.elsevier.com/S1665-2681(23)00386-1/sbref0027
http://refhub.elsevier.com/S1665-2681(23)00386-1/sbref0027
https://doi.org/10.1155/2021/6692049
https://doi.org/10.1155/2021/6692049
https://doi.org/10.1155/2012/870659
https://doi.org/10.1053/j.gastro.2021.08.050
https://doi.org/10.1053/j.gastro.2021.08.050
https://doi.org/10.1097/LVT.0000000000000180

	Influence of socioeconomic factors on liver transplant survival outcomes in patients with autoimmune liver disease in the United States
	1. Introduction
	2. Materials and Methods
	2.1. Study population
	2.2. Outcome
	2.3. Study variables
	2.4. Statistical analysis
	2.5. Ethical statements

	3. Results
	3.1. Waitlist survival
	3.2. Patient and graft survival

	4. Discussion
	5. Conclusions
	Funding
	Author contributions
	Conflicts of interest
	References


