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sex-based disparities exist.
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Women with acute liver failure appear to be sicker
than men and more often require urgent Status-1
waitlisting. There were no sex disparities in waitlist
removal because of clinical deterioration or liver
transplantation. This is in contrast to chronic liver
disease, where sex disparities exist. The Status-1
waitlisting that women with acute liver failure
receive may in part mitigate sex disparities in liver
transplantation.
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Background & Aims: Sex disparities in liver transplantation (LT) for chronic liver disease have been described. It is unclear if
similar disparities exist for acute liver failure (ALF).
Methods: Adults waitlisted for LT from 2002 to 2016 with ALF were investigated using the United Network of Organ Sharing
database. Clinical characteristics and causative aetiologies were compared between men and women who were waitlisted
Status-1. Differences in LT, waitlist removal, and 1-year post-transplant survival were explored.
Results: Of 8,408 patients waitlisted for LT with ALF, 41.3% of men and 63.9% of women were waitlisted Status-1 (p <0.001).
Women had significantly higher international normalised ratio, higher frequency of grade 3–4 hepatic encephalopathy, and
different aetiologies of ALF than men. On univariable analysis, women were less likely to undergo LT (subdistribution hazard
ratio [SHR] 0.90; 95% CI 0.84–0.97) and were more likely to die or be removed from the waitlist as a result of clinical
deterioration (SHR 1.14; 95% CI 1.002–1.30) than men. The disparities in LT (HR 0.95; 95% CI 0.87–1.03) and death/clinical
deterioration (SHR 1.13; 95% CI 0.99–1.29) were no longer significant on multivariable analysis. On multivariable analysis,
there was no difference in 1-year post-transplant survival between men and women.
Conclusions: Women with ALF are more likely to be waitlisted Status-1 than men. There were no clear disparities in LT or
waitlist removal. Sex differences in LT and waitlist removal were attenuated on fully adjusted models, suggesting that these
disparities may in part be mitigated by Status-1 listing.
© 2020 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
There are important biologic and behavioural differences be-
tween men and women that lead to differences in clinical pre-
sentation and natural history of disease.1 These differences are
apparent in liver disease with women being more severely
affected by alcohol- and drug-induced liver injury (DILI) and
having a higher incidence of acute liver failure (ALF) than men.2

Sex differences in the aetiology and the presentation of ALF
have been described. Women are more likely to present with
acetaminophen-induced ALF with worse encephalopathy.3 How-
ever, less is known about sex differences in the frequency or
severityof rarer causes ofALF, suchas autoimmunehepatitis (AIH),
which in its chronic form is more likely to affect women.

Although the majority of patients with ALF recover with sup-
portive care, approximately 25% require liver transplantation (LT).4

Sex disparities in LT for chronic liver diseases have been well
described, with women being less likely to undergo LT and more
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likelytodieonthewaitlist thanmen.5,6Thesedisparitiesarethought
to be driven by a combination of lower model for end-stage liver
disease (MELD) scores in women compared with men because of
lower creatinine levels, as well as difficulty finding appropriately
sized organs for smaller staturedwomen.6,7 However, it is unclear if
similar sex disparities exist for patients with ALF requiring LT.

Patients with ALF who meet specific criteria for acute and
catastrophic liver failure can be waitlisted Status-1 for LT. This
increases a candidate’s waitlist priority with organs being offered
to these patients first, ahead of patients with liver failure caused
by chronic liver disease.8 It is unclear if this increased priority
and expanded donor pool is sufficient to negate the sex disparity
in LT seen in chronic liver disease.

In this acutely ill population with high morbidity and mor-
tality, recognising any disparity is important for optimising
outcomes. In this study we explored sex differences in the pre-
sentation, aetiology, Status-1 waitlisting, LT, and waitlist removal
in patients with ALF waitlisted Status-1 for LT.
Patients and methods
Study population
A retrospective cohort study of adults (aged 18 years and older)
waitlisted for LT in the USA with a diagnosis of ALF between 27
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153,674 patients
waitlisted for LT

4,554 women
diagnosis code for ALF

3,854 men
diagnosis code for ALF

2,910 women
waitlisted Status-1

1,591 men
waitlisted Status-1

- Men: 99,546
- Women: 54,128

Fig. 1. Patients with acute liver failure waitlisted Status-1 by sex.
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February 2002 and 31 December 2016 was conducted. The
United Network of Organ Sharing (UNOS) maintains a database
which includes data on all candidates waitlisted for LT and was
used for this analysis. This study was deemed exempt by the
Indiana University School of Medicine Institutional Review
Board, Indianapolis, Indiana.

To determine the number of patients with ALF who required
Status-1 waitlisting, all patients with ALF were first identified.
ALF was defined by a primary diagnosis code of ALF or an un-
known primary diagnosis code coupled with Status-1 waitlisting
and a free text diagnosis code consistent with ALF. Our analysis
was restricted to patients with ALF waitlisted Status-1 for LT
because (a) we were interested in characterising and exploring
outcomes in the most acute cases of ALF and (b) Status-1 wai-
tlisting requires strict criteria for ALF be met, thus ensuring our
study contained true ALF cases and minimised misclassifications.
Patients with codes for re-transplant were excluded from the
analysis.

Sex was categorised as male or female. Race or ethnicity was
categorised as White, Black, Hispanic, and Asian, based on UNOS
classification. Patients coded as American Indian, Alaskan Native,
Hawaiian/Pacific Islander, and other were classified as other.

Clinical and demographic characteristics of the recipient
including age, height, blood type, laboratory MELD score and its
components, grade of hepatic encephalopathy, ventilator status
at time of waitlisting, the need for dialysis in the week before
waitlisting, and region were compared between groups. Causa-
tive aetiologies were divided into 7 categories including: (1) DILI
secondary to acetaminophen, (2) DILI from other causes, (3) viral
liver disease (hepatitis B virus, hepatitis A virus, hepatitis C virus,
varicella zoster virus, herpes simplex virus), (4) AIH, (5) Wilson’s
disease, (6) other (including, but not limited to, Budd Chiari,
ischaemic cholangiopathy, and those coded as other), and (7)
unknown. Seventy-five percent of the cases classified as other
had a diagnosis code of primary graft non-function or hepatic
artery thrombosis; however, these were not re-transplants in the
database (patients did not have a transplant date or associated
donor). These cases’ diagnoses were misclassified in the database
and were therefore coded as other in our analysis. We were
interested in the number of cases with acute fatty liver disease of
pregnancy given this uniquely impacts women. These cases were
looked at separately and also classified as other. Causative aeti-
ologies were defined based on primary and secondary diagnosis
codes and free text diagnosis fields.

Donor characteristics included in the donor risk index were
collected and included: age, race/ethnicity, height, cause of
death, donor after cardiac death status, cold ischaemic time, and
location of organ based on donor service area.

The primary outcomes were the frequency of LT and waitlist
removal as a result of death or clinical deterioration. Waitlist
removal because of other reasons such as recovery or inability to
be reached were classified as other. These outcomes were
identified using UNOS waitlist removal codes. The secondary
outcome was 1-year post LT survival.
Statistical analysis
Baseline characteristics were presented as percentages. Means
were presented for normally distributed variables and medians
for non-normally distributed variables. Chi-square tests were
used to compare categorical variables and rank sum and t tests
used to compare continuous variables.
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Trends in waitlisting were explored by plotting the percent of
patients waitlisted Status-1 (denominator all patients waitlisted
for LT during that year) for ALF annually. Spearman tests for
trends were used to quantify the trend over the study period.

The cumulative incidence of death/clinical deterioration and
LT were compared with the method of Fine and Gray. In these
analysis both death/clinical deterioration and LT were considered
in separate analysis as competing events. Unadjusted and
adjusted subdistribution hazard ratios and corresponding 95%
confidence intervals (CIs) were calculated using univariable and
multivariable competing risk analysis. Two approaches were
used in multivariable model building: (1) all variables collected
were included in the model given their plausible association
with the exposure and outcome and (2) only variables with p
<0.1 on univariable analysis were included in the model (reduced
model).

The Nelson-Aalen cumulative hazard function was used to
explore gender differences in 1-year post LT mortality (1-Kaplan
Meier estimates). Unadjusted and adjusted hazard ratios and
corresponding 95% CIs were calculated using univariable and
multivariable Cox regression models. All donor risk index com-
ponents were included in the multivariable models. Then
recipient variables including age and underlying aetiology were
then included in the multivariable model. All analyses were
performed using STATA version 14 (STATA Corp., College Station,
TX, USA).
Results
There were 153,674 patients waitlisted for LT during the study
period; 8,408 were waitlisted with ALF (3.9% of men and 8.4% of
women, p <0.001). Of the ALF cohort, 4,501 patients were wai-
tlisted Status-1 for LT (41.3% ofmen and63.9% ofwomen,p <0.001;
Fig. 1). The number of men and womenwaitlisted Status-1 down-
trended significantly over the study period (Spearmanmen −0.93,
p <0.001; Spearmanwomen −0.94, p <0.001; Fig. 2). Therewere 17
cases of acute fatty liver disease of pregnancy waitlisted.

Women waitlisted Status-1 were younger than men (women
39.8 years and men 43.7 years, p <0.001) and more likely to be
Black (19.0% of women and 14.0% of men, p <0.001; Table 1).
Women and men had similar MELD scores at waitlisting. How-
ever, women had lower creatinine and bilirubin, but higher in-
ternational normalised ratio (INR) than men (Table 1). Women
were more likely to have grade 3–4 hepatic encephalopathy than
men (women 69.3% and 52.6% men, p <0.001; Table 1).

Aetiologies of ALF
ALF secondary to acetaminophen (women 26.0% vs. men 11.9%)
and other causes of DILI (women 9.0% vs. men 5.7%) were more
2vol. 3 j 100200
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Fig. 2. Trends in acute liver failure in patients waitlisted Status-1 by sex.
Spearman test for trend was used to explore trends in waitlisting, by sex, over
time.
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Fig. 3. Aetiologies of acute liver failure in patients waitlisted Status-1 by
sex. Chi-squared testing was used to compare liver disease aetiologies by sex.
AIH, autoimmune hepatitis; DILI, drug-induced liver injury.
common in women than men (Fig. 2). Women were more likely

to have ALF secondary to AIH, whereas men were more likely to
have ALF secondary to viral liver diseases (Fig. 3). There were 17
women with acute fatty liver disease of pregnancy waitlisted
Status-1 during the study period.
Waitlist removal because of LT or death/clinical deterioration
Women were more likely than men to be removed from the
waitlist because of death or clinical deterioration (women 22.6%
and men 20.1%, p = 0.049; Table 2). The median MELD score at
removal was 38.5 for men and 38 for women (p = 0.78; Table 2).
The median time to removal was 2 days for both men and
women (Table 2). On competing risk analysis (competing risk:
LT) women were more likely to be removed from the waitlist
because of death or clinical deterioration (subdistribution hazard
ratio [SHR] 1.14; 95% confidence interval [CI] 1.002–1.30;
Table 3). The disparity was no longer significant on multivariable
analysis (SHR 1.13; 95% CI 0.99–1.29; reduced model: age, race/
ethnicity, blood type, creatinine, INR, bilirubin, grade of hepatic
encephalopathy, ventilator status at time of waitlisting, the need
for dialysis in the week prior to waitlisting, region, and aetiology;
Table 3).
Table 1. Clinical characteristics of patients with ALF waitlisted Status-1 for li

M
n = 1,5

Age (years), mean ± SD 43.7 ± 1
Race/ethnicity (%)

White 6
Black 1
Hispanic 1
Asian
Other 1

Height (cm), mean ± SD 176.4 ± (13
Listing MELD, median, IQR 35 (28–4
INR 4.1 ±
Serum creatinine (mg/dl), mean ± SD 2.3 ±
Serum total bilirubin (mg/dl), mean ± SD 14.4 ± 1
Grade 3–4 HE (%) 5
Ventilator (%) 5
Dialysis (%) 1

Chi-squared test were used to compare categorical variables and rank sum and t test
cephalopathy; INR, international normalised ratio; MELD, model for end-stage liver dis
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Women were less likely to be transplanted than men (54.6%
of women and 59.0% of men, p = 0.01; Table 2). The median
MELD score at transplant was 34 for both groups. The median
time to LT was 2 days for both men and women (Table 2). On
competing risk analysis (competing risk: death or clinical dete-
rioration), women remained less likely to undergo LT than men
(SHR 0.90; 95% CI 0.84–0.97; Table 3). The disparity was no
longer significant on multivariable analysis (SHR 0.95; 95% CI
0.87–1.03; reduced model: blood type, creatinine, INR, bilirubin,
grade of hepatic encephalopathy, ventilator status at time of
waitlisting, the need for dialysis in the week prior to waitlisting,
region, and aetiology; Table 3).

There were no differences between men and women in the
number of patients who were removed from the waitlist because
of other reasons including becoming too well for LT (men 20.6%
and women 22.6%, p = 0.12; Table 2).

Of the 17 women who were waitlisted Status-1 for acute fatty
liver disease of pregnancy, 10 (58%) were transplanted and 7
clinically improved and were removed from the waitlist.
ver transplantation.

en
91

Women
n = 2,910

p value

4.5 39.8 ± 13.9 <0.001

2.7 62.7 <0.001
4.0 19.0
2.3 10.6
9.0 6.2
.99 1.6
.8) 162.0 ± 10.5 <0.001
0) 35 (28–40) 0.96
4.5 4.8 ± 5.1 0.001
1.8 1.9 ± 1.5 <0.001
2.3 12.8 ± 10.5 <0.001
2.6 69.3 <0.001
0.1 51.5 0.34
4.3 11.5 <0.01

were used to compare continuous variables. ALF, acute liver failure; HE, hepatic en-
ease.
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Table 2. Waitlist removal in patients with ALF waitlisted Status-1 for liver transplantation, by sex.

Men
n = 1,591

Women
n = 2,910

p value

Death or clinical deterioration n (%) 319 (20.1) 657 (22.6) 0.049
Removal MELD (median, IQR) 38.5 38 0.78
Time from waitlisting to removal (median, IQR) 2 (1–5) 2 (1–5) 0.84
Transplanted n (%) 939 (59.0) 1,590 (54.6) 0.01
Transplant MELD (median, IQR) 34 34 0.92
Time from waitlisting to transplant (median, IQR) 2 (1–4) 2 (1–3) 0.38
Removal for clinical improvement n (%) 328 (20.6) 658 (22.6) 0.12
Time from waitlisting to other removal (median, IQR) 6 (3–32) 7 (3–43) 0.36
Remained on waitlist n (%) 5 (0.31) 5 (0.17) 0.33

Chi-squared test were used to compare categorical variables and rank sum and t test were used to compare continuous variables. ALF, acute liver failure; MELD, model for end-
stage liver disease.
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Post-transplant survival
Seventy-nine percent of the deaths that occurred (366/463) in
the first year after LT occurred in the first 90 days. Men trended
toward lower 90-day post LT survival than women (men 84.3%
and women 86.5%, p = 0.05) and had significantly lower 1-year
survival than women (men 80.0% vs. women 83.4%, p = 0.009;
Fig. 4). On multivariable analysis including donor factors there
was a significant difference in 1-year survival between men and
women (HR 0.79, 95% CI 0.65–0.97). This was no longer signifi-
cant when recipient age and underlying aetiology was added to
the model (HR 1.01, 95% CI 0.80–1.26).
Discussion
Women are known to have higher rates of ALF than men, how-
ever, differences in waitlist outcomes have been less clear.2 Here
we demonstrate that women with ALF are more likely to be
waitlisted Status-1 than men, have worse coagulopathy, and
more frequently have grade 3–4 encephalopathy. Our competing
risk analysis tells a more complex story. On univariable analysis
women were less likely to undergo LT and subsequently trended
toward being more likely to die on the waitlist than men. These
differences, however, were no longer significant on multivariable
analysis. This is in contrast to the known sex disparities in LT for
chronic liver disease which persists in previously reported
multivariable analysis. This suggests that the Status-1 waitlisting
Table 3. Competing risk multivariable analysis: Death or clinical deterio-
ration and LT by sex.

SHR (95% CI) p value

Death or clinical deterioration (competing risk LT)
Reference men

Unadjusted 1.14 (1.002–1.30) 0.047
Full model 1.16 (1.00–1.37) 0.06
Reduced model* 1.13 (0.99–1.29) 0.07

Liver transplant (competing risk death or clinical
deterioration)

Reference men
Unadjusted 0.90 (0.84–0.97) 0.01
Full model 0.92 (0.86–1.01) 0.09
Reduced model† 0.95 (0.87–1.03) 0.18

Covariates in full model include: age, race/ethnicity, blood type, height, creatinine,
INR, bilirubin, grade of hepatic encephalopathy, ventilator status at time of wai-
tlisting, the need for dialysis in the week prior to waitlisting, region, and aetiology.
Univariable and multivariable competing risk analysis were used to assess the as-
sociation between sex and death/clinical deterioration and liver transplantation.
INR, international normalised ratio; LT, liver transplantation; MELD, model for end-
stage liver disease score; SHR, subdistribution hazard ratio.
* Model does not contain height.
† Model does not contain height, ethnicity/race, or age.
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priority that women with ALF receive may mitigate sex dispar-
ities in LT.

Women with ALF were significantly more likely to be wai-
tlisted Status-1 than men. Women had higher rates of grade 3–4
hepatic encephalopathy and worse coagulopathy than men.
Similarly, in a study from the ALF Study Group, women had
higher prevalence of severe encephalopathy, and required more
frequent intubation than men.3 This was hypothesised to be as a
result of higher rates of co-ingestion of sedating agents by
women compared with men in the cohort.3 It is possible that co-
ingestion contributed to higher Status-1 waitlisting in our cohort
or that women have more severe ALF at the time of waitlisting. It
is also possible that women are waitlisted later in their course of
ALF then men as clinicians make decisions about the likelihood
that acetaminophen-DILI or AIH may reverse with time or
treatment.

Women waitlisted Status-1 had higher rates of DILI and AIH
than men. Women have previously been shown to have worse
DILI and were 4 times more likely than men to develop AIH.9,10

Data on sex difference in the severity of AIH have been mixed.
In 1 single-centre study, the progression to cirrhosis, liver failure,
and death from liver failure were similar between men and
women; however, in a more recent single-centre study women
were found to be more likely to die or require LT.11,12 Sex dif-
ferences in acute AIH warrant further study.

Fifty-eight percent of women waitlisted with acute fatty liver
disease of pregnancy went on to require LT and 42% improved
spontaneously. This is comparable to numbers found in a pre-
vious Scientific Registry of Transplant Recipients (SRTR) database
p = 0.009
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0 100 200 300 400
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Fig. 4. One-year post liver transplant mortality by sex. Kalplan-Meier sur-
vival analysis and log-rank testing were used to compare sex differences in 1-
year post liver transplant survival.
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study exploring waitlist outcomes in acute fatty liver disease
of pregnancy that found a LT rate of 46% and spontaneous
improvement rate of 46%.13

Women, in our unadjusted models, were less likely to un-
dergo LT and trended toward being more likely to die or clinically
deteriorate before LT than men. These disparities, however, did
not remain significant on multivariable analysis. Status-1 wai-
tlisting increases the priority of patients who are waitlisted for
LT, making organs available to these patients ahead of other
patients on the waitlist.8 Because Status-1 patients are the first to
receive organ offers, one might hypothesise that this broadened
donor pool may eliminate sex disparities in waitlist outcomes.
Our data suggest that this could be the case. The broadened
donor pool and heightened priority may overcome sex dispar-
ities that have largely been shown to be driven by donor-
recipient size mismatch and underestimations in severity of
liver disease by MELD score.7

Women with ALF waitlisted Status-1 had better 1-year post-
transplant survival than men on multivariable analysis control-
ling for donor factors, but similar survival when controlling for
both donor and recipient factors. Data on sex differences in post-
LT survival have been mixed.14 In a 20-year follow-up study of
313 LT patients, sex together with indication, age, renal function,
and re-transplantation were associated significantly with patient
survival.15 However, in a study using SRTR data there were no
differences in graft survival between men and women after
adjusting for donor risk indices which were lower in women.16

There was no sex difference in transplant-free survival in the
acetaminophen-induced ALF study at 21 days.3
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The strength of our study is that it explores a large, diverse,
cohort of men and women with ALF from multiple aetiologies.
This study has several limitations. First, much of the data on
causative aetiologies depend on free text entries. Patients in our
cohort were classified as having an unknown cause of ALF at
higher rates than prospective studies of ALF. It is unclear if the
diagnosis were truly unknown and this represents real-life un-
certainty or if the diagnosis were not known to the person
entering the data. Furthermore, there were cases coded as pri-
mary graft non-function that were not re-transplants. Therefore,
it is possible that there were diagnoses that were miscoded. It is
unlikely however, that these misclassifications were different by
sex. Second, many patients with a diagnosis code for ALF were
not waitlisted Status-1 for LT. It is possible that there was some
degree of chronicity to the liver diseases in these cases that
precluded patients from meeting Status-1 criteria. This led us to
focus just on those patients waitlisted Status-1 to be sure we
were capturing patients with true ALF. Finally, we excluded pa-
tients with a primary diagnosis code of graft failure (re-trans-
plants); however, they made up less than 1% of waitlisted cases.

In summary, we sought to explore sex differences in the
natural history and outcomes of patients waitlisted with ALF.
Women with ALF were more likely to be waitlisted Status-1 for
LT than men. Sex differences in LT and waitlist removal were
attenuated on fully adjusted models, suggesting that these dis-
parities may in part be mitigated by Status-1 listing. Although
this Status-1 waitlisting is not a solution for sex disparities in
chronic liver disease, it does suggest that the drivers of sex
disparities can be improved through changes in allocation
policy.
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