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Background and aims: Disparities in timely referral to liver transplantation (LT) evaluation persist. We aim to
examine race/ethnicity and insurance-specific differences in the Model for End-Stage Liver Disease (MELD)
score at time of waitlist (WL) registration and its impact on WL survival. Methods: We retrospectively evaluated
U.S. adults listed for LT using 2005-2018 United Network for Organ Sharing LT registry. Multiple linear regres-
sion methods examined factors associated with MELD at listing, and Fine-Gray competing risks regression were
used to analyze WL mortality. Results: Among 144,163 WL registrants (median age = 56 years, 65.3% male, 56.4%
private insurance, 23.3% Medicare, 15.7% Medicaid), mean WL MELD at listing was higher in African Americans
versus non-Hispanic whites (2.57 points higher, 95%CI: 2.40-2.74, P < 0.001). Compared with patients with private
insurance, adjusted mean WL MELD was higher among those with no insurance, Medicare, or Medicaid (P <
0.001 for all). After correcting for differences in MELD at listing, Asians had lower risk of WL death versus
non-Hispanic whites (subhazard ratio (SHR): 0.92, 95% CI: 0.86-1.00, P = 0.04), but no difference was observed
in African Americans or Hispanics. Compared with patients with private insurance, higher risk of WL death was
observed in patients with no insurance (SHR: 1.33, 95%CI: 1.14-1.56, P < 0.001), Medicare (SHR: 1.20, 95%CI:
1.16-1.25, P < 0.001), or Medicaid (SHR: 1.22, 95%CI: 1.17-1.27, P < 0.001). Conclusion: Higher MELD scores at
listing among African Americans did not translate into increased WL mortality. Patients with Medicare,
Medicaid, or uninsured had significantly higher WL mortality than privately insured patients, even after correct-
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he Model for End-Stage Liver Disease (MELD)
score is a validated tool that accurately predicts
short-term mortality in patients with end-stage
liver disease." In 2002, the United Network for Organ
Sharing (UNOS) Organ Procurement and Transplantation
Network (OPTN) adopted this system to prioritize patients
for liver transplantation (LT), replacing the prior system
which relied upon more subjective variables such as
severity of ascites and hepatic encephalopathy (HE)."”
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Following implementation of the MELD score, improved
equity of organ allocation was observed.”

Despite this, disparities are persistently described in the
MELD era, particularly among ethnic minorities” © and
patients with public insurance, with prior studies
demonstrating more advanced disease severity, reflected
by higher MELD scores, at waitlist (WL) registration,
which may reflect delays in timely referral for LT
evaluation.” Prior studies have also described lower likeli-
hood of LT in patients with public or no insurance.”” Us-
ing a comprehensive national LT registry in the U.S., we
aim to determine whether race/ethnicity and insurance-
specific disparities exist in the MELD score at time of WL
registration and to analyze whether these disparities
affected the 1-year WL mortality.

METHODS

Data Source and Study Population

Using data from the OPTN/UNOS registry, we retrospec-
tively analyzed deidentified, patient-level data on adult
(=18 years) liver transplant WL registrants from January
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1, 2005 to June 30, 2018. The OPTN/UNOS registry in-
cludes national data on all liver transplant WL registrants
and recipients in the U.S. patients with acute liver failure
(UNOS status 1A at time of initial wait listing) were
excluded from this study, whereas patients with and
without hepatocellular carcinoma (HCC) were included
in this study. This study was reviewed and determined to
qualify the exempt status from the Alameda Health System
institutional review board.

Etiology of chronic liver disease leading to WL registra-
tion and LT was determined based on the primary diag-
nosis code and was categorized as hepatitis C virus
(HCV), nonalcoholic steatohepatitis (NASH), alcoholic
cirrhosis, and other or unknown etiology. The HCV cate-
gory included patients with HCV and alcoholic cirrhosis.
Using methods similar to earlier studies, the NASH cate-
gory included patients with cryptogenic cirrhosis.'’ Race/
ethnicity was categorized as white, African American, His-
panic, Asian, and other or unknown. Socioeconomic data,
such as the primary projected payment (insurance type/
status), was categorized as commercial/private, Medicare,
Medicaid, veteran's affairs, other government source, no
insurance (self-pay, donation, free care, pending), and un-
known. Other clinical and demographic information at
the time of WL registration included age, sex, body mass
index (kg/m?), blood type (O, A, B, AB), presence of HCC
status, and UNOS region. The geographic area for each
UNGOS region is designated by the Centers for Medicare
and Medicaid Services that are served by one organ pro-
curement organization, one or more transplant hospitals,
and one or more donor hospitals.

Primary Outcome

Our primary outcome was the biological MELD score at
time of LT WL registration. The MELD score was calcu-
lated from the total bilirubin (mg/dL), serum creatinine,
and international normalized ratio (INR) for prothrombin
time at the time of WL registration. The formula to calcu-
late MELD at listing: MELD = 11.2*log, (INR) + 9.57*1og.
(serum creatinine) + 3.78*% log. (serum total bili-
rubin) + 6.43, according to its original description."”'" We
excluded patients missing data required to calculate the
MELD score.

Secondary Outcomes

Secondary outcomes included waiting time, reason for
removal from the WL and outcome data such as WL death,
dropout or LT. Waiting time was determined using the
first date each patient was placed on the waiting list and
the date the patient was removed from the WL. We evalu-
ated 1-year WL mortality/removal because of death, clin-
ical deterioration, or “too sick” (combined into single WL
mortality category) with LT as a competing event. Patients
removed from the WL for improved condition, loss to

follow-up, removal in error, transplant refusal, and “other”
were censored.

Statistical Analysis

Clinical and demographic characteristics of the study
cohort were presented as frequencies and proportions for
categorical variables, and mean + SD or median (IQR),
as appropriate, for continuous variables. Between-group
differences in MELD were compared using either the
Mann-Whitney U test for paired comparisons or the Krus-
kal-Wallis test for more than two group comparisons
because the MELD score was nonparametric. Multiple
linear regression was used to evaluate factors associated
with MELD at listing. Transformation of the outcome var-
iable did not yield improved results, and thus, no transfor-
mations were performed for regression analysis.

Multivariable competing risks regression was performed
using the Fine-Gray subdistribution hazard method."”
WL mortality was modeled with LT as a competing risk.
Adjusted cumulative incidence functions were evaluated at
specific values of MELD at listing (15, 20, 25, 30, 35) and
further stratified by race/ethnicity and insurance. Patients
with missing data on waiting time (n = 1) and patients
who were removed from the waiting list on the same day
they entered (n = 139) were excluded from competing risks
regression analysis. All tests of significance were 2-sided,
with p-values <0.05 considered statistically significant. All
statistical analyses were performed using STATA Version
14.0 (StataCorp, College Station, TX).

RESULTS
Characteristics of the Study Cohort

From 2005 to 2018, among 144,163 WL patients, median age
was 56 (IQR: 50-62) years, 65.3% were male, 70.7% were white,
and majority of the patients had private insurance (56.4%), fol-
lowed by Medicare (23.3%) and Medicaid (15.7%) (Table 1).
HCC was present for 19.6% of the patients. Among etiologies
analyzed, HCV accounted for 35.0%, followed by alcoholic
cirthosis alone (19.3%) and NASH (17.5%). The remaining
cohort had other or unspecified etiology of chronic liver disease.

Table 1 Characteristics of Study Population at the Time of
Waitlist Registration (n = 144,163).

Characteristic N (%)
Age, median (IQR), y 56 (50-62)
Male sex 94,123 (65.3)
Race/ethnicity

White 101,963 (70.7)

African American 12,447 (8.63)

Hispanic 21,532 (14.9)

(Continued on next page)

Journal of Clinical and Experimental Hepatology | March-April 2021 | Vol. 11 | No. 2 | 188-194 189

Cirrhosis



DISPARITIES IN MELD AT WL REGISTRATION

Table 1 (Continued)

Characteristic N (%)

Insurance

Private 81,337 (56.4)
Medicare 33,622 (23.3)
Medicaid 22,641 (15.7)
VA 3224 (2.24)
Other government 2189 (1.52)
source

None 1080 (0.75)
Unknown 70 (0.05)

Etiology
HCV 50,490 (35.0)
NASH + CC 25,285 (17.5)
Alcoholic cirrhosis 27,871 (19.3)
Other/unknown 40,517 (28.1)

BMI, mean + SD, kg/m2 28.7 £5.79

BMI, body mass index; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic
steatohepatitis; UNOS, United Network for Organ Sharing.

MELD Score at the Time of WL Registration

Median MELD was higher among women than that in
men (Table 2). Compared with whites, median MELD
was high among African American and Hispanic patients,
and low among Asian patients (Table 2). Patients without

ROBINSON ET AL

Table 2 Differences in MELD at Listing Stratified by
Demographic and Clinical Characteristics.

Characteristic Median IQR P-value
Sex
Male 15.2 11.0-21.2 <0.001
Female 15.5 11.2-22.2

Insurance

Private 15.1 10.9-21.3 <0.001
Medicare 15.1 11.0-20.9
Medicaid 16.1 11.7-23.5
VA 15.3 11.4-20.5
Other government 15.9 11.8-22.4
source
None 18.7 12.7-29.7

Presence of HCC
No 16.6
Yes 10.4

12.5-23.2
8.29-13.9

<0.001

UNOS region
1 14.6 10.5-20.6 <0.001
2 14.7 10.6-21.2
3 16.8 12.6-22.6
4 14.7 10.6-21.1
5 14.7 10.5-22.1
6 15.1 11.4-20.9
7 16.5 11.7-23.9
8 15.3 11.4-20.8
9 13.9 9.74-20.2
10 15.0 11.3-20.6
11 16.0 12.2-21.3
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BMI, body mass index; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic
steatohepatitis; UNOS, United Network for Organ Sharing; VA, veterans
affairs.

insurance had significantly higher MELD at listing than
patients with private insurance, Medicare, Medicaid, or
other government sources. Patients with alcoholic
cirrhosis had the highest median MELD while those with
HCV had the lowest.

On adjusted regression, compared with whites, mean
MELD was high among all racial groups, but significantly
high among African Americans (2.57 points higher, 95%
CI: 2.40-2.74, P < 0.001) (Table 3). Compared with patients
with private insurance, mean MELD was considerably
high among those with no insurance (4.04 points higher,
95% CI: 3.40-4.69, P < 0.001), while statistically signifi-
cantly high among those with government sources as
well (Table 3). Compared with patients with HCV, patients
with alcoholic cirrhosis had high mean MELD at listing by
2.97 points (95% CI: 2.85-3.10, P < 0.001), and those with

NASH had high mean MELD by 1.06 points (95% CI 0.94-
1.19, P < 0.001) (Table 3).

Waitlist Mortality

Of the patients registered on the waiting list included in
the competing risks analysis (n = 144,023), 21.6% died
while waiting, and 53.3% underwent LT. On adjusted
competing risks regression, for every unit increase in
MELD at listing, the relative incidence of 1-year WL mor-
tality increased by 5.6% (subhazard ratio (SHR): 1.06,
95% CI: 1.05-1.06, P < 0.001) (Table 4). Asians were at lower
risk of death on the WL than whites (SHR: 0.92, 95% CI:
0.86-1.00, P = 0.04) (Table 4). Patients with no insurance
(SHR: 1.33, 95% CI: 1.14-1.56, P < 0.001), and patients
with Medicare (SHR: 1.20, 95% CIL: 1.16-1.25, P < 0.001)
or Medicaid (SHR: 1.22, 95% CI: 1.17-1.27, P < 0.001)
were at increased risk of WL death compared with patients
with private insurance (Table 4).

Table 4 Competing Risk Model Evaluating Waitlist Mortality
among Patients Listed for Liver Transplantation (n =
144,023).

Proportion Proportion Multivariable P-value
died on received LT subhazard ratio®

Table 3 Model Examining Factors Associated with MELD at waiting list (%) (95% Cl)
Listing®. (%)
Coef. 95% ClI P MELD at listing 1.056 <0.001
Race/ethnicity (1.054-1.057)
White [Ref.] - - Race/ethnicity
African American 257  2.40-2.74 <0.001 White 211 540 1[Ref] -
African 21.0 57.7 0.971 0.259
Hispanic 0.67 0.54-0.80 <0.001 American (0.922-1.022)
Asian 0.30 0.07-0.53 0.010 Hispanic 24.8 47.9 1.002 0.925
(0.962-1.044)
Insurance
Private [Ref] B _ Asian 19.2 51.5 0.924 0.037
’ (0.858-0.995)
Medicare 0.39 0.29-0.50 <0.001
o Insurance
Medicaid 0.99 0.86-1.12 <0.001
Other government source  0.65 0.29-1.00 <0.001 Medicare 25.3 50.4 1.203 <0.001
None 4.04  3.40-4.69 <0.001 (1.162-1.246)
Etiology Medicaid 23.2 50.0 1.217 <0.001
(1.169-1.268)
HCV [Ref.] - -
VA 23.5 53.3 1.036 0.482
NASH + CC 1.06 0.94-1.19 <0.001 (0.939-1.142)
Alcoholic cirrhosis 2.97 2.85-3.10 <0.001 Other 18.7 56.7 1.077 0.228
Presence of HCC government (0.955-1.215)
No [Ref] - - source
Yes (6.21) (-6.31)-(-6.12) <0.001 None 21.5 61.8 1.333 <0.001

BMI, body mass index; Coef., coefficient HCC, hepatocellular carci-
noma; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Disease;
NASH, nonalcoholic steatohepatitis; Ref., reference; UNOS, United
Network for Organ Sharing; VA, veterans affairs.

3Adjusted for age, sex, BMI, and UNOS region.

(1.143-1.555)

Cl, confidence interval; HCC, hepatocellular carcinoma; MELD, Model for
End-Stage Liver Disease; UNOS, United Network for Organ Sharing; VA,
veterans affairs.
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Figure 1 Cumulative incidence of 1-year waitlist mortality by MELD at listing (15, 20, 25, 30, 35). MELD, Model for End-Stage Liver Disease.

Differences in the 1-year cumulative incidence of WL
mortality at specified values of MELD at listing, in the pres-
ence of LT as a competing event, are depicted in Figure 1.
When stratified by race, increasing MELD was associated
with increased cumulative incidence of WL mortality,
and Asians remained at the lowest risk at all specified
values of MELD (Supplemental Figure S1). Similarly,
when stratified by insurance, patients with no insurance
had the highest cumulative incidence of WL mortality at
all specified values of MELD (Supplemental Figure S2).

DISCUSSION

This analysis of 14 years of MELD-era U.S. national LT reg-
istry data, including 144,163 WL registered patients, re-
vealed significant disparities in MELD score at time of
WL registration. African Americans, Medicare, Medicaid,
uninsured patients, and those with a diagnosis of alcoholic
cirrhosis had relatively higher MELD scores at time of
listing. Furthermore, patients with no insurance, Medicare,
or Medicaid were at increased risk of WL death compared
to patients with private insurance.

Prior studies have noted worse WL outcomes in unin-
sured patients or those with Medicaid; however, most
have focused on those WL patients with HCC.*” A2019 sin-
gle center study by Gutin.” found that among HCC WL pa-
tients with public insurance, there was a nearly 70%
increased risk of WL dropout (owing to liver-related death
or HCC tumor progression) when compared with patients
having private (Kaiser Permanente) insurance (HR, 1.69
[95% CI, 1.17-2.43]), despite having similar tumor charac-
teristics. Prior studies have also noted that HCC patients
with Medicare or Medicaid were less likely to undergo LT
and surgical resection than patients with private insur-

192

ance.®™ Our current study observed significantly higher

risk of WL mortality among uninsured patients or patients
with Medicare or Medicaid when compared with those with
private insurance. This higher risk of WL mortality per-
sisted even after adjusting for presence of HCC and the
insurance-specific disparities in the MELD score at time
of WL registration.

Although the insurance-specific disparities in WL mor-
tality observed are likely multifactorial, the significantly
higher MELD score at WL registration among these
groups may have reflected more advanced disease that re-
sulted in potential delays in timely referral and evaluation
for LT. However, it is important to note that although sta-
tistically significant, the magnitude of differences in
adjusted mean WL MELD scores in Medicare and
Medicaid patients compared with privately insured pa-
tients were less than 1 point difference, making it unlikely
from a clinical perspective that such would be a major
contributor to overall WL mortality. Other studies have
also cited greater WL dropout in public insurance popula-
tions due to inadequate social support, nonadherence, or
being lost to follow-up.” Another potential explanation is
that patients with public insurance are more likely to
have lower socioeconomic status or have more medical co-
morbidities than those with private insurance, which may
not only lead to delays or barriers to LT while on the WL,
but may also contribute to increased mortality.'® Potential
explanations in the HCC population for WL dropout may
be due to not receiving treatments that may have helped
bridge them to transplantation or survive longer.17 So-
botka et al.'® observed that Medicaid patients with HCC
are less likely to undergo ablation than patients with pri-
vate insurance, and patients with other forms of insurance
were less likely to undergo transarterial

© 2020 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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chemoembolization compared with those with private in-
surance. These “bridging” therapies may be particularly
important to ensure HCC is managed within Milan criteria
to be eligible for LT. =

The current analysis also observed significant race/
ethnicity-specific disparities in MELD scores at time of
WL registration, particularly for African Americans. The
observed higher MELD at WL among African Americans
is consistent with a retrospective study by Jesse et al,'®
which identified 1968 patients with end-stage liver disease
who underwent LT evaluation from 2004 to 2012 to deter-
mine whether listing for LT was influenced by socioeco-
nomic status and/or race/ethnicity. They observed that
African Americans, even when adjusted for medical and so-
cioeconomic factors, had 26% lower odds of being listed for
LT and longer delays to listing when than all other pa-
tients. In the current study, although African Americans
had significantly higher MELD at time of listing, this did
not translate into increased WL mortality for African
Americans in the competing risks model. Nevertheless,
higher MELD at listing itself was significantly associated
with higher risk of WL death. Although inconsistent
with prior studies,” ® the current study's findings is
similar to a study by Volk et al. ' which showed no differ-
ences in receipt of LT or WL death between white, African
American, or Hispanic patients when accounting for un-
equal distribution of racial/ethnic groups within the U.S.
Our study also observed lower MELD scores at listing in
Asians. When the insurance status and etiology was strat-
ified by race/ethnicity, we did not observe significant differ-
ences in proportion of Asians with private insurance, but
African Americans had lower proportion of private insur-
ance (48.2% vs. 59.8%, P < 0.01) and higher proportion of
Medicaid (20.4% vs. 12.4%, P < 0.01), which could partly
explain higher MELD among African Americans. While
HCV and alcoholic cirrhosis accounted for the majority
of liver disease patients in whites, African Americans, and
Hispanics, over 60% of Asians had other diagnosis, which
is primarily represented by HBV. HBV patients can develop
HCC without significant hepatic decompensation, and
thus, the lower MELD among Asians may be partly ex-
plained by compensated HBV patients with HCC. Further-
more, African Americans had higher proportion of HCV
(46.9%) than whites (32.6%) or Hispaics (36.4%), whereas
Hispanics and whites had significantly higher proportion
of patients with alcoholic cirrhosis. Although the propor-
tion of patients with private insurance was similar across
liver disease etiologies, NASH patients had higher propor-
tion of Medicare compared to HCV and alcoholic cirrhosis
patients, and both HCV and alcoholic cirrhosis patients
had higher proportion of patients with Medicaid. These
baseline differences may shed light on some of potential
factors contributing to MELD score variation at time of
listing. However, even after adjusting for these variables,
differences persisted in our multivariate regression models.

The inclusion of 14 years of MELD era data using a na-
tional LT registry provides a comprehensive assessment of
LT outcomes. Limitations of registry data, including po-
tential for misclassification, must be balanced with the
strength and generalizability of a large nationally represen-
tative sample cohort. One key limitation is the lack of
detailed data before LT WL registration, including timing
of referral and potential barriers or delays, which would
shed more light on the etiology of our MELD score difter-
ences. Although not the main focus of our current study,
UNOS also lacks specific data about treatments for the un-
derlying liver disease (e.g. antiviral therapies for HCV and
HBV) and for complications of cirrhosis (e.g. treatment
of ascites, HE). While the results of the competing risks
regression may not be as generalizable to other transplant
programs, the use of MELD as an indicator of the risk of
WL mortality has been previously established.”’ Another
limitation is that competing risk estimates require that
censoring be independent of outcome. However, although
this assumption may not always hold true, analysis of risk
of WL death while accounting for nondeath events allows
representation of the experience pertinent to patients on
the WL, for whom both transplantation and death are
real possibilities. We acknowledge there may persist un-
measured confounders that affected the associations
observed in this study. Furthermore, there likely exists
multiple factors affecting MELD at listing and WL out-
comes originating from the period before WL registration
(e.g. timely referral to liver transplant evaluation, coordina-
tion of care and follow-up, insurance or system-specific
barriers in timely access to diagnostic testing or treatment).
These data were not available in the UNOS data set for in-
clusion in our analyses.

In conclusion, significantly race/ethnicity-specific dis-
parities in the MELD score at time of WL registration
were observed particularly for African Americans. However,
these differences did not translate into higher risk of WL
mortality among African Americans. Our study also
observed significantly higher MELD scores at listing in
uninsured patients and those with Medicare or Medicaid
insurance when compared to private insured patients.
However, even after adjusting for these disparities in
MELD score at listing, significantly higher risk of WL
death was observed in uninsured patients and those with
Medicare or Medicaid insurance.
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