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cirrhosis is actually associated with a
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because we show that women with
cirrhosis have a similar risk of liverrelated death as their male counterparts, despite lower rates of listing
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Background & Aims: Sex-based differences are known to
signiﬁcantly contribute to outcomes in patients with chronic
liver diseases; however, the role of patient sex in cirrhosis is
unclear. We aimed to study the relationship between patient sex
and cirrhosis.
Methods: We analyzed a cohort of 20,045 patients with cirrhosis
using a Chicago-wide electronic health record database that was
linked with the United Network for Organ Sharing and cause of
death data from the state death registry. Adjusted Cox survival
analyses and competing risk analyses were performed to obtain
subdistribution hazard ratios (HRs) for liver-related cause of
death.
Results: Female and male patients had similar age, racial distribution, insurance status, and comorbidity status by Elixhauser
score. Females had higher rates of cholestatic liver disease (17.1%
vs. 6.2%, p <0.001) and non-alcoholic steatohepatitis (29.8% vs.
21.2%, p <0.001) than males. They were less likely to have portal
hypertensive complications and had lower peak MELD-Na scores
during follow-up. Female sex was associated with a decreased
hazard of all-cause mortality (adjusted HR 0.85; 95% CI
0.80–0.90). This effect was attenuated when liver-related mortality was examined (subdistribution HR 0.93; 95% CI 0.87–1.00).
No signiﬁcant difference was noted for women who were ‘everlisted’ in competing risk analyses for either all-cause mortality
(subdistribution HR 1.09; 95% CI 0.88–1.35) or liver-related death
(subdistribution HR 1.12; 95% CI 0.87–1.43), despite lower rates
of listing (7.5% vs. 9.8%; p <0.001) and transplant (3.5% vs. 5.2%;
p <0.001).
Conclusions: In this longitudinal study of patients with cirrhosis,
female sex was associated with a survival advantage likely driven
by lower rates of non-liver-related death. Women were not at an
increased risk of liver-related death despite lower rates of listing
and transplantation.
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Lay summary: Patient sex is an important contributor in many
chronic diseases, including cirrhosis. Prior studies have
suggested that female sex is associated with worse outcomes.
We analyzed a cohort of 20,045 patients with cirrhosis using a
Chicago-wide electronic health record database. Using multivariate competing risk analyses, we found that female sex in
cirrhosis is actually associated with a lower risk of all-cause
mortality and has no association with liver-related mortality.
Our ﬁndings are novel because we show that women with
cirrhosis have a similar risk of liver-related death as their male
counterparts, despite lower rates of listing and transplantation.
© 2020 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Cirrhosis is a leading cause of death estimated to affect more
than 600,000 people every year.1,2 Patient sex is universally
recognized as an important contributor to the etiology, epidemiology, and severity of cirrhosis.3–5 Although patient sex is a
non-modiﬁable risk factor, understanding its effect is important
for risk stratiﬁcation and ensuring that disparities in care can be
addressed equitably.
Despite its importance, the relationship between patient sex
and outcomes of patients with cirrhosis remains unclear. A
recent study in a large sample of hospitalized patients with
cirrhosis found that women were 14% less likely to die while
hospitalized.6 This analysis was limited in that it could not track
outcomes post discharge and patient sex itself has been associated with admission to the hospital, potentially introducing
selection bias.7–9 Another large national sample of outpatients
with cirrhosis in England found that women were 16% less likely
to suffer all-cause mortality. However, this analysis could not
adjust for non-liver comorbidities which are known to have
different distributions between men and women and may
inﬂuence non-liver-related death.10–12
Other analyses done among the highly selected patients who
are listed for liver transplantation may suggest that women have
higher waitlist mortality, higher rates of organ declines, and
higher rates of delisting.13–18 Unfortunately these studies suffer
from selection bias inherent to the listing process and lack
generalizability to all patients with cirrhosis because only a small
fraction of patients with cirrhosis undergo transplant evaluation
and waitlisting.1,19 These studies of waitlisted patients also suffer
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from outcome ascertainment bias because no follow-up data are
captured after delisting, an event that has been noted to be more
common in women.14
The HealthLNK database is a multicenter, population-based
database of electronic health records (EHRs) from 6 large
health systems in the Chicago area that captures over 2.4 million
unique patients.20 This dataset is linked with the United Network
for Organ Sharing (UNOS) as well as the state death registry.
Thus, we used this longitudinal data source that follows patients
across episodes of care to study the relationship between patient
sex and cirrhosis.

Patients and methods
Data sources
Three databases were linked for this study, the HealthLNK Data
repository, the Organ Procurement and Transplantation Network
(OPTN) database and the Social Security Death Master File.20
The HealthLNK database is a deduplicated, repository of EHR
data from 6 healthcare institutions in greater metropolitan
Chicago area. These institutions include 5 major academic
healthcare systems: Northwestern Medicine, University of
Chicago Hospitals and Clinic, Rush University Medical Center,
University of Illinois at Chicago Medical Center, and Loyola
University Medical Center; and 1 large county health system,
Cook County Health and Hospitals System. HealthLNK comprises
a wealth of data from approximately 2.4 million patients and
spans healthcare encounters from January 1, 2006 to December
31, 2012.21 Patient data including demographics, procedure
codes, diagnostic codes, medications, and laboratory values
were abstracted from inpatient, outpatient, and emergency
department encounters.
The UNOS database comprises national registry data of all
patients waitlisted for organ transplantation in the US. Death
dates and death certiﬁcate data were gathered from the Social
Security Death Master File for the state of Illinois. Patients who
visited multiple centers or who were in multiple databases were
linked and deduplicated using a privacy preserving algorithm as
previously published.20 Records were de-identiﬁed prior to
analysis.
Primary outcome and ascertainment
The primary outcome was mortality. For models unadjusted for
competing risks, all-cause mortality was used. For competing
risk models, liver-related mortality was the primary outcome
and compared to the same analysis with all-cause mortality.
Death certiﬁcates were manually reviewed for cause of death.
This death certiﬁcate review was performed as previously
published using deﬁned rules (see appendix 1).22 Cause of death
was classiﬁed as liver-related, non-descript, or non-liver-related.
Liver-related deaths were further sub-classiﬁed into “infectious”,
“bleeding”, “oncologic”, “varices”, “portal hypertensive complications”, and “other”.22 For the purposes of this paper, “bleeding”
was amalgamated in the “other” category and “varices” were
amalgamated into the “portal hypertensive complication”
category.
Study population and covariates
After approval by the Institutional Review Board at Northwestern
University, all patients age 18 or older with an ICD-9 code for
cirrhosis between January 1, 2006 and December 31, 2012 were
identiﬁed. Patients were included if they had 1 of 3 ICD-9 codes

for cirrhosis (571.2, 571.5, or 571.6) similar to prior studies.21,23,24
Model for end-stage liver disease sodium (MELD-Na) scores were
calculated with serum creatinine, bilirubin, international
normalized ratio, and sodium using the standard method from
the OPTN. For patients missing any component lab values, future
values were used for MELD-Na calculation. The maximum time
span allowed between labs for 1 calculation was 30 days. If
multiple scores were available, the peak score during the study
was used for analysis (“max MELD-Na score”). If no scores were
available from the EHRs and patients were listed for transplant,
biological MELD-Na was manually calculated from UNOS data.
Organ allocation during this era was determined by MELD score,
but because MELD-Na better adjusts for the risk of death, especially in patients with lower scores who are often female, it was
used to compare risk of death between men and women.25,26
Etiologies and complications of cirrhosis were deﬁned by combinations of diagnosis and procedure codes as previously
described in the literature (see appendix 2).27–35 Similar to
clinical practice, we allowed patients to have multiple etiologies
of cirrhosis if they qualiﬁed based on diagnostic code. We felt
that this would allow for optimal statistical adjustment for the
additive risk of multiple liver-related conditions. The only
exception to this was a diagnosis of non-alcoholic steatohepatitis
(NASH)-related cirrhosis, which we deﬁned as patients who
were included due to a diagnosis of non-alcoholic cirrhosis and
who did not have any code for HCV, HBV, biliary cirrhosis,
autoimmune hepatitis, Wilson disease, or hemochromatosis (see
appendix 2). The Elixhauser comorbidity index, widely used to
determine the burden of concurrent comorbidities from diagnosis codes, was calculated for all patients. It was modiﬁed to
remove diagnosis codes used for other liver-related variables
similar to past publications (see appendix 2).21,24,36,37 Portal
hypertensive complications such as ascites, hepatic encephalopathy, varices, or variceal bleeding were deﬁned based on the
diagnosis or procedure code at any time during follow-up.
Female and male sex was abstracted from the medical record
of the participating sites.
Statistical analysis
Demographics were compared using chi-squared and t tests for
categorical and continuous variables, respectively. All-cause
mortality was compared in univariate analysis via KaplanMeier plots with log rank testing, and in multivariate analysis
with Cox proportional hazards modeling (adjusting for age, race,
insurance status, Elixhauser score, presence of portal hypertensive complications, presence of hepatocellular carcinoma [HCC],
and etiology of cirrhosis). Time at risk for survival analyses was
deﬁned as time from inclusion to either death or transplant with
censoring at the end of the study (December 31, 2012).
Competing risk analysis was performed in 2 steps. The ﬁrst
modeled the risk of all-cause mortality with transplant as a
competing risk. The second modeled the risk of for liver-related
death while treating other causes of death and transplant as
competing risks. Competing risk analysis was performed using
Fine-Gray methodology.38,39 The aforementioned analyses were
stratiﬁed by missingness of MELD-Na score and “ever-listed” for
transplant. For complete case analysis, lack of MELD-Na measurement (yes/no) was used as a covariate in the adjusted model
to include patients without MELD-Na measurement while peak
MELD-Na was used in stratiﬁed analyses. Adjusted cumulative
incidence plots for the full cohort were produced from the
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competing risk model based on mean cohort characteristics for
continuous variables and reference values for categorical variables. Speciﬁcally, these plots model the different outcomes by
patient sex for a white patient with the mean cohort age, mean
Elixhauser Index, who has public insurance, with compensated
cirrhosis and non-missing MELD-Na. Given the high prevalence
of HCV in the cohort, this was chosen as the etiology for the
models. A sensitivity analysis was performed that excluded
patients on warfarin to examine the potential for falsely elevated
MELD-Na score not related to liver dysfunction. A p value of
<0.05 was considered statistically signiﬁcant. Data processing
and analysis was performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC) and RStudio version 1.2.1578 with R packages icd,
tableone, comorbidity, crr, and cmprsk.39–41

Results
Population characteristics
During the study period, 20,091 patients met the inclusion
criteria of whom 46 patients were missing sex data (0.2%) leaving 20,045 patients for analysis. Patient characteristics are listed
in Table 1. Of these patients 8,544 (43%) were female. Overall,
female and male patients had similar age, racial distribution,
insurance status, and comorbidity status by Elixhauser score.
Although the top etiology of cirrhosis in both groups was HCV,
female patients had higher rates of cholestatic disease (1,457;
17.1% vs. 708; 6.2%, p <0.001), autoimmune hepatitis (531; 6.2%
vs. 166; 1.4%, p <0.001), and non-alcoholic steatohepatitis
(NASH)-related cirrhosis (2,545; 29.8% vs. 2,442; 21.2%, p <0.001).
In contrast, men had higher rates of alcohol-related cirrhosis
(4,779; 41.6% vs. 1,840; 21.5% p <0.001), peak MELD-Na during
follow-up (mean peak MELD-Na 19.0 vs. 17.2, p <0.001), rates of
HCC (1,992; 17.3% vs. 820; 9.6%, p <0.001) and portal hypertensive complications such as ascites, variceal bleeding, or hepatic
encephalopathy (see Table 1, p <0.001 for all). A higher proportion of female patients had persistently low MELD-Na (never
above 15: 2,149, 52.2% vs. 2,754; 43.1%, p <0.001). Additionally,
female patients were less likely to have received the necessary
test results for calculation of an MELD-Na score (missing in
4,424; 51.8% vs. 5,108; 44.4% p <0.001).
Unadjusted analysis
On unadjusted analysis women had lower unadjusted mortality
during the entire study period (2,145; 25.2% vs. 3,546; 30.6%,
p <0.001) and when limited to time at risk (2,102; 24.6% vs.
3,442; 29.9%, p <0.001, Table 2). This effect persisted when
adjusted for time at risk (9.1 vs. 12.4 deaths per 100 person-years,
p <0.0001 log rank test). Among patients who died, both female
patients and male patients most commonly died of liver-related
causes (liver-related deaths: female 1,268; 14.8% vs. male 2,180;
19.0%, p <0.001). When univariate analysis was performed
among patients who had at least 1 MELD-Na score during
follow-up, these relationships continued to hold (Table 2).
Only 1,774 (8.9%) of the cohort were “ever-listed” during
follow-up. Women were less likely to be listed for transplant
(644; 7.5% vs. 1,130; 9.8% p <0.001). Of this group 1,740 (98%) had
at least 1 MELD-Na score available during the study period.
Among these patients women were more likely to be on the list
for longer prior to an event (mean 740 days vs. 569 days,
p <0.001) but equally likely to be delisted without transplant
(37% of men vs. 40% of women, p = 0.246). Women were less
likely to undergo transplantation (296; 3.5% vs. 594; 5.2%,
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p <0.001) but still had lower rates of death among patients who
were ‘ever-listed’ (Fig. 1, 8.2 vs. 10.2 deaths per 100 person-years,
p = 0.015). After considering transplant, women did not have
signiﬁcantly different unadjusted outcomes at the end of
follow-up (p = 0.082).
Multivariate analysis
Of the 20,045 patients, 19,977 (99.6%) were included for Cox
proportional hazard model of all-cause mortality. This analysis,
adjusted for age, race, insurance status, Elixhauser score, presence of portal hypertensive complications, presence of HCC,
missingness of MELD-Na measurement, and etiology of cirrhosis
demonstrated that female sex was independently associated
with a decreased hazard of all-cause mortality (adjusted hazard
ratio [aHR] 0.84; 95% CI 0.79–0.88; p <0.001). This ﬁnding was
similar when risk of all-cause mortality was adjusted for the
competing risk of transplant (Fig. 2A, subdistribution hazard
ratio [sHR] 0.85; 95% CI 0.80–0.90; p <0.001). Other ﬁndings for
this competing risk model can be seen in Fig. 2. All-cause mortality was also increased in association with older age, black race,
unknown insurance status, presence of HCC, higher Elixhauser
Index, presence of ascites, presence of encephalopathy,
alcohol-related liver disease, NASH, and lack of a MELD-Na
measurement during follow-up; the most signiﬁcant protective
associations were with Hispanic race, Asian race, known variceal
status, HCV, and cholestatic liver disease (Fig. 2). The association
of female sex and death was attenuated when liver-related death
was examined with the aforementioned covariates and treating
transplant and non-liver-related death as competing risks
(Fig. 2B, sHR 0.93; 95% CI 0.87–1.00; p = 0.063). Adjusted
cumulative incidence plots based on this analysis are shown in
Fig. 3.
The second analysis incorporated the same covariates but
adjusted for MELD-Na score. It included 10,470 patients (52.2% of
the ﬁrst analysis) and again showed that female sex is associated
with a signiﬁcantly decreased hazard of all-cause mortality in
the Cox model (aHR 0.90; 95% CI 0.83–0.97; p = 0.007) with a
similar result when modeling all-cause mortality with transplant
as a competing risk (sHR 0.93; 95% CI 0.86–1.00; p = 0.046).
Similar to the ﬁrst analysis, when liver-related death was
modeled with the aforementioned covariates while treating
transplant and non-liver-related death as competing risks, the
protective association of female sex was attenuated (sHR 1.00;
95% CI 0.91–1.10; p = n.s.).
When the same procedure was performed on patients who
were ‘ever-listed’ for transplant and included all variables above,
ﬁndings were similar. This analysis continued to show a similar
magnitude of the protective association between female sex and
all-cause mortality on survival analyses (aHR 0.93; 95% CI
0.75–1.16; p = 0.54). When adjusted for competing risk of
transplant, women had a non-signiﬁcant increase in hazard of
all-cause mortality (Fig. 4, sHR 1.09; 95% CI 0.88–1.35; p = 0.44)
largely unchanged by examining liver-related death while
treating transplantation and non-liver death as a competing risk
(sHR 1.12; 95% CI 0.87–1.43; p = 0.37). Among these listed patients, age, unknown race, portal hypertensive complications,
HCC and MELD-Na were associated with an elevated risk of allcause mortality (p <0.001 for all). When all 3 of the multivariate competing risk models were performed with the same
covariates but with transplantation as the outcome and treating
death of any cause as a competing risk, women were less likely to
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Table 1. Cohort demographics.
Full cohort

n
Age, mean (SD)#
Mean days of follow-up time* #
Race n (%)
White
Black
Hispanic
Asian
Other
Insurance, n (%)
Medicare/Medicaid
Private
Other
Elixhauser score,37 mean (SD)**
Etiology, n (%)
HCV
Alcohol
NASH
HBV
Cholestatic
Autoimmune
Hemochromatosis
Wilson
Complication n (%)
HCC
Ascites
Hepatic encephalopathy
Variceal status, n (%)
No esophageal varices
Varices without bleeding
Variceal bleeding
MELD-Na
No MELD-Na score, n (%)
<15 during follow-up, n (%)
Min MELD-Na, mean (SD)#
Max MELD-Na, mean (SD)#

At least one MELD-Na score
p value

ˇ

ˇ

ˇ
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Male

Female

11,501
56.5 (11.2)
883

8,544
58.0 (12.4)
991

5,278 (45.9)
2,354 (20.5)
2,000 (17.4)
318 (2.8)
1,551 (13.5)

3,835 (44.9)
2,064 (24.2)
1,272 (14.9)
209 (2.4)
1,164 (13.6)

5,418 (47.1)
3,946 (34.3)
2,137 (18.6)
4.03 (3.41)

4,592 (53.7)
2,900 (33.9)
1,052 (12.3)
3.99 (3.58)

0.463

5,047 (43.9)
4,779 (41.6)
2,442 (21.2)
1,161 (10.1)
708 (6.2)
166 (1.4)
108 (0.9)
41 (0.4)

3,077 (36.0)
1,840 (21.5)
2,545 (29.8)
483 (5.7)
1,457 (17.1)
531 (6.2)
46 (0.5)
36 (0.4)

1,992 (17.3)
4,264 (37.1)
4,224 (36.7)

820 (9.6)
2,623 (30.7)
2,737 (32.0)

8,002 (69.2)
3,110 (27.0)
389 (3.4)

6,342 (74.2)
2,000 (23.4)
202 (2.4)

5,108 (44.4)
2,754 (43.1)
13.42 (7.07)
19.03 (9.01)

4,424 (51.8)
2,149 (52.2)
11.87 (6.38)
17.16 (9.12)

Male

Female

6,393
55.7 (10.9)
872

4,120
57.2 (12.0)
1,000

2,728 (42.7)
1,259 (19.7)
1,307 (20.4)
187 (2.9)
912 (14.3)

1,753 (42.5)
972 (23.6)
730 (17.7)
104 (2.5)
561 (13.6)

2,834
1,973
1,586
4.24

(44.3)
(30.9)
(24.8)
(3.32)

2,126 (51.6)
1,271 (30.8)
723 (17.5)
4.32 (3.47)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.002
0.536

2,809 (43.9)
3,427 (53.6)
1,007 (15.8)
676 (10.6)
393 (6.1)
102 (1.6)
48 (0.8)
24 (0.4)

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

p value

Male

Female

1,106
55.6 (9.8)
820

634
55.9 (10.5)
1,024

698 (63.1)
85 (7.7)
132 (11.9)
35 (3.2)
156 (14.1)

407 (64.2)
58 (9.1)
79 (12.5)
18 (2.8)
72 (11.4)

0.246

615 (55.6)
423 (38.2)
68 (6.1)
5.17 (3.44)

368 (58.0)
219 (34.5)
47 (7.4)
5.34 (3.55)

0.316

1,555 (37.7)
1,222 (29.7)
1,034 (25.1)
256 (6.2)
640 (5.5)
279 (6.8)
24 (0.6)
23 (0.6)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.368
0.222

537 (48.6)
630 (57.0)
98 (8.9)
123 (11.1)
183 (16.5)
21 (1.9)
7 (0.6)
12 (1.1)

264 (41.6)
207 (32.6)
127 (20.0)
26 (4.1)
141 (22.2)
35 (5.5)
8 (1.3)
14 (2.2)

0.006
<0.001
<0.001
<0.001
0.004
<0.001
0.273
0.98

1,346 (21.1)
2,797 (43.8)
2,804 (43.9)

522 (12.7)
1,626 (39.5)
1,710 (41.5)

<0.001
<0.001
0.02
0.001

454 (41.0)
725 (65.6)
772 (69.8)

165 (26.0)
425 (67.0)
438 (69.1)

<0.001
0.564
0.8
0.398

3,987 (62.4)
2,217 (34.7)
189 (3.0)

2,710 (65.8)
1,310 (31.8)
100 (2.4)

392 (35.4)
644 (58.2)
70 (6.3)

245 (38.6)
349 (55.0)
40 ( 6.3)

–
2,754 (43.1)
13.42 (7.07)
19.03 (9.01)

–
2,149 (52.2)
11.87 (6.38)
17.16 (9.12)

–
257 (23.2)
12.54 (6.18)
23.82 (9.36)

–
158 (24.9)
11.24 (5.30)
23.45 (9.37)

<0.001

0.001
<0.001
<0.001
<0.001

Ever-listed
p value
<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
<0.001

ˇ

ˇ

ˇ

ˇ

HCC, hepatocellular carcinoma; MELD-Na, model for end-stage liver disease sodium; NASH, non-alcoholic steatohepatitis.
*Time at risk was deﬁned as time from ﬁrst inclusion diagnosis code to the ﬁrst of transplant, death, or study end. **Please see supplement for deﬁnitions of categories.
#
t test.
Chi-Squared test.

0.511
<0.001
0.451

0.235

0.462
<0.001
0.433

ˇ
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0.001

Cirrhosis and Liver Failure

<0.001
0.082

p value
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Five year outcomes for 'ever-listed' patients
Liver-related death

ˇ

Table 2. Unadjusted outcomes.

<0.001

<0.001

315 (15.0)
167 (7.9)
139 (6.6)
647 (30.8)
2,102 (24.6)
9.1
434 (12.6)
578 (16.8)
212 (6.2)
956 (27.8)
3,442 (29.9)
12.4

<0.001

189 (16.9)
103 (9.2)
78 (7.0)
386 (34.6)
1,116 (27.1)
9.9
276 (13.9)
400 (20.1)
145 (7.3)
598 (30.0)
1,989 (31.1)
13
<0.001

2,709 (65.8)
756 (18.3)
312 (7.6)
295 (7.2)
48 (1.2)
3,823 (59.8)
1,419 (22.2)
498 (7.8)
581 (9.1)
72 (1.1)
<0.001
6,146 (71.9)
1,268 (14.8)
587 (6.9)
296 (3.5)
247 (2.9)
7,465 (64.9)
2,180 (19.0)
851 (7.4)
594 (5.2)
411 (3.6)
ˇ
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Cumulative incidence

MELD-Na, model for end-stage liver disease sodium.
*Time at risk was deﬁned as time from ﬁrst inclusion diagnosis code to the ﬁrst of transplant, death, or study end. All follow-up was deﬁned as ﬁrst inclusion to study end without censoring at transplant.
#
t test.
Chi-Squared test.

28 (14.0)
54 (27.0)
14 (7.0)
104 (52.0)
253 (22.9)
10.2

25 (22.1)
10 (8.8)
10 (8.8)
68 (60.2)
146 (23.0)
8.2

193 (30.4)
113 (17.8)
19 (3.0)
295 (46.5)
14 (2.2)
272 (24.6)
200 (18.1)
29 (2.6)
581 (52.5)
24 (2.2)
<0.001

0.014
<0.001

Female

634
–
740
1,106
–
569
4,120
634 (15.4)
–
6,393
1,106 (17.3)
–
8,544
644 (7.5)
–
11,501
1,130 (9.8)
–
ˇ

n
Ever-listed, n (%)#
Mean days to ﬁrst delisting#
*Event at end of time at risk, n (%)
Alive
Liver-related death
Non-liver-related death
Transplant
Non-descript death
Cause of liver-related death, n (%)
Infectious
Oncologic
Portal hypertension
Other
*Gross mortality, n (%)
*Mortality rate (per 100 patient years)#

Female
Male
Female
Male

Full cohort

p value

At least one MELD-Na score

p value

Male

Ever-listed

0.7

Male 18.4%
Female 17.1%

Non-liver related death
0.7

Male 2.5%
Female 2.9%

Transplant
0.7

0.6

0.6

0.6

0.5

0.5

0.5

0.4

0.4

0.4

0.3

0.3

0.3

0.2

0.2

0.2

0.1

0.1

0.1

0.0

0.0

0.0

0 20 40 60
Months

0 20 40 60
Months

Male 54.6%
Female 46.8%

0 20 40 60
Months

Fig. 1. Cumulative incidence of outcomes among patients who were ‘everlisted’ (n = 1,744). With likelihood ratio testing, women have lower rates of
transplant (p <0.005) but no difference in liver-related (p = 0.73) or non-liverrelated (p = 0.69) death among patients who were ‘ever-listed’.

be transplanted (p <0.001). In all 3 models, Schoenfeld residuals
for patient sex were consistent with the proportional hazards
assumption.
Sensitivity analysis
A sensitivity analysis was performed that excluded patients on
warfarin to examine the potential for falsely elevated MELD-Na
score not related to liver dysfunction. Among the full cohort,
1,430 (7.1%) patients were on warfarin at some point during
follow-up. Female patients were no more likely to be on warfarin
than male patients (p = 0.96). When patients who were “ever on
warfarin” were omitted from the multivariate and competing
risk analyses, there were no differences in the direction or
magnitude of the results (data not shown).
On exploratory analysis, when we restricted inclusion to
patients without HCC, with at least 1 MELD-Na score and at least
1 portal hypertensive complication, female sex was associated
with an increased hazard of liver-related death (sHR 1.14; 95% CI
1.01–1.29; p = 0.03) but not all-cause mortality (sHR 1.06; 95% CI
0.96–1.16).
Given the paradoxical ‘protective’ association we found
between presence of varices or variceal bleeding and death in
the full cohort (Fig. 2), we hypothesized that this effect actually
represented patients who had access to screening and specialist
care. We repeated the aforementioned analyses stratiﬁed by
variceal status and found no difference in our results. Speciﬁcally,
in patients without diagnosed varices, women had lower
all-cause mortality (p <0.001), without a difference in liverrelated mortality. Among the patients with varices that had not
bled and among those who had a history of bleeding, there was a
trend but no statistical difference in all-cause mortality or liverrelated death similar in size to the aforementioned analyses of
patients with MELD-Na scores or ‘ever-listed’ patients,
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A

B

Adjusted subdistribution hazard ratios of all-cause mortality
in the full cohort

Male
(N = 11,501)

reference

Female
(N = 8,544)

0.85
(0.80-0.90)

<0.001

Age

(N = 20,045)

1.03
(1.02-1.03)

<0.001

Race

White
(N = 9,113)
Black
(N = 4,418)

reference
1.27
(1.18-1.36)

<0.001

Hispanic
(N = 3,272)

0.87
(0.80-0.95)

0.002

Asian
(N = 527)
Other
(N = 2,715)

0.83
(0.68-1.01)

0.063

Gender

Insurance

Medicare/Medicaid
(N = 10,010)

1.32
(1.22-1.43)

reference

Female
(N = 8544)

0.93
(0.87-1.00)

0.063

Age

(N = 20045)

1.02
(1.02-1.03)

<0.001

Race

White
(N = 9113)

reference

<0.001
Insurance

reference
0.92
(0.86-0.98)

0.011

Other
(N = 3,189)

1.30
(1.20-1.42)

<0.001

Elixhauser_Index (N = 20,045)

1.02
(1.02-1.03)

<0.001

HCC

(N = 20,045)

1.46
(1.37-1.56)

<0.001

Ascites

Absent
(N = 13,158)

reference

Present
(N = 6,887)

2.23
(2.10-2.37)

Absent
(N = 13,084)

reference

Varices

Male
(N = 11501)

Gender

Private
(N = 6,846)

HE

Adjusted subdistribution hazard ratios of liver-related death
in the full cohort

1.17
(1.06-1.28)

0.001

0.90
(0.81-0.99)

0.038

0.89
(0.70-1.13)

0.346

1.40
(1.27-1.54)

<0.001

reference
0.95
(0.87-1.03)

0.214

1.38
(1.25-1.53)

<0.001

Elixhauser_Index (N = 20045)

0.95
(0.94-0.97)

<0.001

HCC

2.18
(2.02-2.36)

<0.001

Ascites
<0.001
HE

Present
1.85
(N = 6,961)
(1.74-1.97)
No EV
reference
(N = 14344)
Varices without bleeding 0.65
(0.61-0.70)
(N = 5110)
Variceal Bleeding
0.58
(N = 591)
(0.50-0.67)

Black
(N = 4418)
Hispanic
(N = 3272)
Asian
(N = 527)
Other
(N = 2715)
Medicare/Medicaid
(N = 10010)
Private
(N = 6846)
Other
(N = 3189)

<0.001
Varices
<0.001
<0.001

(N = 20045)

Absent
reference
(N = 13158)
Present
2.67
(N = 6887)
(2.46-2.89)
Absent
reference
(N = 13084)
Present
2.13
(N = 6961)
(1.97-2.31)
No EV
reference
(N = 14344)
Varices without bleeding
0.82
(N = 5110)
(0.76-0.88)
Variceal Bleeding
0.72
(N = 591)
(0.60-0.86)
0.91
(N = 20045)
(0.83-0.99)

<0.001

<0.001

<0.001
<0.001

HCV

(N = 20,045)

0.87
(0.81-0.93)

<0.001

HCV

HBV

(N = 20,045)

1.05
(0.95-1.16)

0.323

HBV

(N = 20045)

1.05
(0.93-1.20)

0.405

Alcohol

(N = 20,045)

1.24
(1.15-1.34)

<0.001

Alcohol

(N = 20045)

1.41
(1.29-1.55)

<0.001

Cholestatic

(N = 20,045)

0.64
(0.57-0.71)

<0.001

Cholestatic

(N = 20045)

NASH

(N = 20,045)

1.19
(1.08-1.31)

<0.001

NASH

(N = 20045)

MELD-Na missing (N = 20,045)

1.17
(1.10-1.24)

<0.001

MELD-Na missing (N = 20045)

(weights)

(N = 20,045)

(weights)

reference

# Events: 5532; Global p value (Log-Rank): 0
AIC: 101702.72; Concordance Index: 0.72

(N = 20045)

0.025

0.70
(0.61-0.81)
0.99
(0.88-1.12)

<0.001
0.899

0.96
(0.89-1.03)

0.254

reference

# Events: 3441; Global p value (Log-Rank): 0
AIC: 63172.13; Concordance Index: 0.75
0.5

1

1.5

2

2.5

1

1.5

2

2.5

3

Fig. 2. Competing risk analysis among the full cohort. (A) Adjusted all-cause mortality is lower in women than in men (subdistribution hazard ratio 0.85; 95%
CI 0.80–0.90; p <0.001) when adjusting for the competing risk of transplant and multiple variables (age, race, insurance status, Elixhauser Index, HCC, portal
hypertensive complications, etiology of cirrhosis and missingness of MELD-Na). (B) Liver-related death was not different between women and men (subdistribution hazard ratio 0.93; 95% CI 0.87–1.00; p = 0.063). HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; MELD-Na, model for end-stage liver
disease sodium; NASH, non-alcoholic steatohepatitis.

respectively. These analyses are limited by the small number of
patients with variceal bleeding (n = 591). Furthermore, when we
looked at patients who were ‘ever-listed’ and therefore
presumably had adequate screening and access to care, variceal
status had the expected detrimental association with mortality
(Fig. 4).

Discussion
In this large, city-wide study, we examined the relationship
between patient sex and outcomes in patients with cirrhosis.
Our results support that women with cirrhosis have lower
all-cause mortality but have similar rates of liver-related death.
Furthermore, we found that women had lower rates of transplant but did not have a difference in their all-cause or liverrelated mortality compared to men. This may be appropriate
given their lower portal hypertensive complication rate, lower
MELD-Na score, and lower rate of HCC. Interestingly, when we

performed a sub-analysis among patients without HCC but who
did have a portal hypertensive complication and who had at
least 1 MELD-Na score, we did ﬁnd a signiﬁcant association
between female sex and liver-related death. Similarly, when we
stratiﬁed by history of varices or variceal bleeding, a similar
effect size was seen. Taken with the lack of difference in
outcomes we found among those who were ‘ever-listed’, this
sub-analysis suggests that women in this group are less likely to
survive to listing. Unfortunately, the nature of our study means
we cannot conﬁrm whether this ﬁnding is because women are
more likely to die due to portal hypertensive complications or
whether they are less likely to be successfully listed. Overall, our
ﬁndings suggest that among patients with cirrhosis in general,
patient sex is not associated with liver-related death per se, after
adjustment for disease severity. Conversely, we found that
female sex had a protective association with non-liver-related
death.
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Five year adjusted curves
Full cohort, n = 20,045

Cumulative incidence
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Fig 3. Adjusted cumulative incidence curves for the full cohort (n = 20,045). Using competing risk analysis, women have lower rates of liver-related death
(subdistribution hazard ratio 0.93; 95% CI 0.87–1.00; p = 0.063), non-liver-related death (subdistribution hazard ratio 0.83; 95% CI 0.74–0.92; p <0.001), and
transplant (subdistribution hazard ratio 0.73; 95% CI 0.63–0.84; p <0.001).

Since we utilized a large population cohort, our ﬁndings most
closely compare to other large population-based studies. A
recent study using the National Inpatient Sample noted a
decrease in all-cause mortality among women in hospitalized
patients with cirrhosis (adjusted odds ratio 0.86, p <0.001), a
remarkably comparable effect size to our study.6 Similarly, a
population-based cohort of patients with cirrhosis in the United
Kingdom found that female sex had a signiﬁcant protective association against all-cause mortality (aHR for females 0.84; 95%
CI 0.77–0.91).10 Due to the design of these studies, neither were
adjusted for MELD-Na nor did they evaluate liver-related cause of
death. Our ﬁndings are novel because we show that female
patients with cirrhosis have a similar risk of liver-related death
as their male counterparts after adjusting for non-liver-related
death and MELD-Na. The biological plausibility of this result is
supported by the well-known association between male sex and
poor outcomes in many non-liver-related diseases.42,43
Additionally, although the primary focus of this paper was on
the general patient with cirrhosis, we also followed a subset of
1,774 patients who were ‘ever-listed’ for transplant. Our results
show no difference in the likelihood of all-cause mortality or
liver-related death for this group despite a lower rate of listing
and transplantation among women. Based on our observed
all-cause mortality in the ‘ever-listed’ patients (23.0% in women
vs. 22.9% in men), a post hoc power calculation to detect a difference at an a of 0.05 and 80% power would require 5.9 million
listed patients perhaps implying there truly is no difference to be
found in this group.
The initial concern that women with cirrhosis had higher
mortality and lower transplantation rates originated from a
study that only examined listed patients and included patients
from the pre-MELD era.13 Although this study reported a 30%
increased odds of the composite outcome of ‘death on the
waitlist’ or ‘delisting due to being too sick’ for women using
logistic regression, this method may not adequately adjust for
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time at risk and can overestimate effect size. In fact, their survival analysis found an effect size of more modest signiﬁcance
(aHR 1.09; 95% CI 1.02–1.17; p = 0.01) similar to our results.
Other studies have also struggled to ﬁnd a true difference in
outcomes between men and women after adequate adjustment.
For instance 1 study that followed patients after delisting did not
ﬁnd a difference in death after delisting in women compared to
men.17,44 In another study, the increased mortality seen in
women listed for transplant could be fully accounted for when
adjusted for glomerular ﬁltration rate (GFR).16 Similarly, female
sex no longer conferred a harmful association in listed patients
when adjusted for patient height.18 Taken together, our results
support the current literature that female sex itself does not
confer an increased risk of liver-related death. However, in
clinical practice, women are generally shorter than men and tend
to be at greater risk of GFR overestimation, hence conferring risk
not by sex per se, but by attributes associated with female sex.
Future studies should examine how these patient attributes can
be considered to more accurately prioritize patients for transplantation. Somewhat reassuringly, our study did not ﬁnd a
difference in rates of death despite lack of adjustment for either
of those attributes.
Our study has several strengths and limitations. Although
our cohort encompasses the full range of care for patients with
cirrhosis, from diagnosis to decompensation, listing, delisting,
death, and cause of death in a large multicenter dataset, it also
suffers from the usual limitations known to ICD coding and
retrospective analysis. Although these codes were not specifically validated in our database, we used ICD-based deﬁnitions
similar to those validated in multiple other databases, and we
performed multiple adjusted analyses to adjust for confounders
and competing risks.21,23,34,35,24,27–33 Another instance of this
can be seen in our analyses where presence of varices or variceal bleeding had a paradoxically protective association with
mortality. We hypothesized that these codes were entered for
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A

B

Adjusted subdistribution hazard ratios of all-cause mortality
in 'ever-listed' patients

Male
(N = 1,106)

Gender

reference

Male
(N = 1,106)

reference

Female
(N = 634)

1.12
(0.87-1.43)

0.371

Age

(N = 1740)

1.02
(1.01-1.04)

<0.001

Race

White
(N = 1105)

reference

Gender

Female
(N = 634)

1.09
(0.88-1.35)

0.439

Age

(N = 1,740)

1.02
(1.01-1.03)

<0.001

Race

White
(N = 1,105)

reference

Black
(N = 143)

0.87
(0.58-1.31)

0.506

Black
(N = 143)

0.69
(0.41-1.13)

0.14

Hispanic
(N = 211)

0.84
(0.60-1.18)

0.319

Hispanic
(N = 211)

0.83
(0.57-1.21)

0.326

Asian
(N = 53)

0.47
(0.20-1.08)

0.074

Asian
(N = 53)

0.54
(0.23-1.26)

0.151

Other
(N = 228)

1.68
(1.30-2.18)

<0.001

Other
(N = 228)

1.56
(1.16-2.09)

0.003

Medicare/Medicaid
(N = 983)

reference

Medicare/Medicaid
(N = 983)

Insurance

Adjusted subdistribution hazard ratios of liver-related death
in 'ever-listed' patients

reference

Insurance

Private
(N = 642)

0.97
(0.78-1.22)

0.806

Private
(N = 642)

1.12
(0.87-1.44)

0.376

Other
(N = 115)

1.01
(0.67-1.53)

0.946

Other
(N = 115)

1.09
(0.69-1.72)

0.709

Elixhauser_Index (N = 1,740)

0.90
(0.87-0.93)

<0.001

Elixhauser_Index(N = 1740)

0.89
(0.86-0.93)

<0.001

(N = 1,740)

1.12
(0.89-1.41)

HCC

(N = 1740)

1.38
(1.07-1.77)

0.014

Ascites

Absent
(N = 590)

reference

Present
(N = 1,150)

1.65
(1.20-2.28)

Absent
(N = 530)

reference

Present
(N = 1210)

2.07
(1.44-2.96)

No EV
(N = 637)

reference

HCC

Absent
(N = 590)

Ascites

Present
(N = 1,150)

1.48
(1.13-1.94)

Absent
(N = 530)

HE

Present
(N = 1,210)

0.005

reference

HE

1.75
(1.30-2.36)

No EV
(N = 637)

Varices

0.314

reference

<0.001

reference

Varices

Varices without bleeding
1.24
(0.99-1.55)
(N = 993)

0.002

<0.001

Varices without bleeding
1.27
(0.98-1.65)
(N = 993)

0.067

Variceal Bleeding
(N = 110)

1.79
(1.17-2.76)

0.008

HCV

(N = 1,740)

0.81
(0.62-1.06)

0.124

0.979

HBV

(N = 1,740)

1.15
(0.76-1.76)

0.508

1.07
(0.82-1.39)

0.611

Alcohol

(N = 1,740)

1.02
(0.76-1.36)

0.903

(N = 1,740)

0.43
(0.30-0.62)

<0.001

Cholestatic

(N = 1,740)

0.42
(0.28-0.64)

<0.001

NASH

(N = 1,740)

0.86
(0.59-1.25)

0.416

NASH

(N = 1,740)

0.82
(0.53-1.25)

0.352

Max MELD-Na

(N = 1,740)

1.02
(1.01-1.04)

<0.001

Max MELD-Na

(N = 1,740)

1.04
(1.02-1.05)

<0.001

(weights)

(N = 1,740)

reference

(weights)

(N = 1,740)

reference

0.067

Variceal Bleeding
(N = 110)

1.73
(1.17-2.55)

0.006

HCV

(N = 1,740)

0.79
(0.62-1.01)

0.06

HBV

(N = 1,740)

0.99
(0.67-1.47)

Alcohol

(N = 1,740)

Cholestatic

# Events: 399; Global p value (Log-Rank): 7.9905e-23
AIC: 5643.6; Concordance Index: 0.68
0.1

0.2

# Events: 313; Global p value (Log-Rank): 3.6269e-25
AIC: 4414.76; Concordance Index: 0.72
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Fig. 4. Competing risk analysis among patients who were ‘ever-listed’. There was no difference between patient sex and either (A) all-cause mortality
(subdistribution hazard ratio 1.09; 95% CI 0.88–1.35; p = 0.44) or (B) liver-related death (subdistribution hazard ratio 1.12; 95% CI 0.87–1.43; p = 0.37) among
patients who were ‘ever-listed’ for transplant.

patients who had access to specialist care and were undergoing
variceal surveillance. We demonstrated that our ﬁndings on the
relationship between female sex and outcomes still held even
on stratiﬁed analyses which controlled for these access issues.
We used a very large database that encompasses much of the
Chicago area, however our data set does not span multiple
UNOS regions. Since geography is known to heterogeneously
affect disparities our results may not be generalizable to other
regions in the country or world.17 MELD-Na scores could not be
calculated for some patients who had missing test results.
However, to prevent the introduction of bias, we did not use
imputation or use of other missing data methods. Instead,
‘missing MELD’ was used as a covariate in our models when
applicable to help adjust for this. Lastly, although on average we
did not note different outcomes among men and women with
cirrhosis, this effect could be different among selected subgroups, for example women with alcohol-related liver disease.
To offset this, we adjusted for etiologies of cirrhosis in our
models.

In summary, we studied the inﬂuence of sex on outcomes in
patients with cirrhosis. We found that female sex had no association with liver-related mortality and a protective association
with all-cause mortality. Using this large longitudinal database,
we also determined that despite lower rates of listing and
transplantation, female candidates for liver transplantation did
not have different outcomes. Although the protective association
between female sex and outcomes in cirrhosis seem to be clear
based on the literature and the results of our study, future
studies among patients listed for transplant should be adjusted
for post-delisting outcomes, patient height, and measured GFR.
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