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Abstract

Background.—The morbidity and mortality from alcohol-related liver disease (ALD) is 

increasing in the United States. However, little is known about gender differences in evaluation 

and listing for liver transplantation (LT) in patients with ALD.

Methods.—This is a retrospective review of adult patients with ALD evaluated for LT at a single 

transplant center from January 1, 2010, to March 1, 2017. Univariate, multivariate, and time-series 

analyses were performed.

Results.—Among the 949 patients with ALD evaluated, mean age was 53 years, 84% were 

Caucasian, and 33% were women. The median model for end-stage liver disease score was similar 

between the genders. Women were less likely to be listed for LT (10% versus 19%; P < 0.05). The 

proportion of women not listed due to active substance use was significantly higher versus men 

(42% versus 35%; P < 0.05), while the frequency of medical contraindications was comparable 

between the genders. During a median follow-up of 416 days (range: 0–2784), listed women with 

ALD were less likely to undergo transplantation (42% versus 47%; P < 0.05).

Conclusions.—Men with ALD were 95% more likely to be listed and 105% more likely to be 

transplanted compared to women with ALD. While men had more lifetime substance use and 

related consequences, women had more psychiatric comorbidities and were less likely to be listed 

due to active alcohol and opioid use. Early detection and effective treatment of psychiatric and 

substance use disorders in women with ALD may improve their transplant eligibility.
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INTRODUCTION

Alcohol-related liver disease (ALD) is a spectrum of liver abnormalities caused by excessive 

and chronic alcohol use. Clinical manifestations range from asymptomatic hepatic steatosis 

to end-stage liver disease with complications of portal hypertension. Cirrhosis was the 12th 

leading cause of death in the United States in 2016, with about half of cirrhosis-related 

deaths due to ALD.1,2 Worldwide, approximately 2.3 billion people are current harmful 

users of alcohol, and the prevalence and mortality of ALD is increasing in the United States, 

particularly among younger adults.3,4 Consistent with these trends, the proportion of ALD 

patients being listed for LT has increased nationwide, from approximately 23% in 2006 to 

27% in 2016.5-7

Among women in the United States, the prevalence of high-risk drinking increased nearly 

60% over the past 10 years, while the prevalence of alcohol use disorder (AUD) has 

increased >80%.8,9 Although women generally consume less alcohol than men, they are at 

greater risk than men for developing ALD with lower levels of consumption and experience 

more rapid development of morbidity from ALD.10 The increased susceptibility of women 

to ALD may be due to several reasons, including a smaller volume of distribution, reduced 

gastric metabolism of alcohol, increased gut permeability, and a lower threshold of Kupffer 

cells to oxidative damage.11 Accordingly, the death rate for chronic liver disease and 

cirrhosis in the United States increased 18% for women aged 25–44 years and 31% for 

women aged 45–64 years between 2000 and 2015.12

While women represent only 30% of LT recipients, they are more likely to die on the 

waiting list than men.13 The exact reasons for this are unknown, but may in part be 

explained by lower laboratory model for end-stage liver disease (MELD) scores from lower 

serum creatinine levels when correcting for glomerular filtration rate (GFR), and smaller 

body size and height that reduce their access to donor organs.5 It is also possible that women 

may have a reduced likelihood of seeking transplant or being listed for transplant after 

evaluation. Whether or not women with ALD have equivalent access to transplant compared 

with men with the same diagnosis is not known. To further explore these potential 

disparities, we conducted a retrospective review of the medical records to identify gender 

differences in the evaluation and listing of patients with ALD for LT.

METHODS

The University of Michigan Institutional Review Board approved the research protocol for 

this retrospective chart review. All adult LT candidates over 18 years of age evaluated at the 

University of Michigan from January 1, 2010, to March 1, 2017, were included. Pediatric, 

living donor (24), repeat evaluations (321), and patients with missing data (6) were 

excluded. All patients were evaluated by a multidisciplinary team of hepatologists, surgeons, 

and social workers.

Data were abstracted from electronic medical records. Abstracted demographic features 

included patient age, gender, race, etiology of liver disease, MELD score at the time of 

evaluation, insurance, employment, and marital status. History of tobacco, alcohol, and illicit 
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substance use; history of substance-related health or legal consequences; psychiatric 

comorbidities; and prior substance use related treatments were collected. Our process for 

toxicology assessment changed 4 years ago with the addition of a transplant psychiatrist. 

While we previously relied primarily on history and physical examination, we have more 

frequently employed serum and urinary alcohol biomarkers (urine ethyl glucuronide, urine 

ethyl sulfate, and serum phosphatidylethanol) for screening along with specialty referral to 

transplant psychiatry and psychology for ongoing assessment and management. At our 

center, ALD is diagnosed based on clinical assessment linking advanced liver disease to 

current/prior history of heavy alcohol use (with or without other comorbid liver disease) and 

exclusion of other causes of liver injury via laboratory and radiological evaluation. 

Toxicology screening at the initial evaluation and other prelisting test results were collected 

and analyzed.

The primary outcomes were listing for LT, transplantation or removal from the waitlist. 

Secondary outcomes included reasons for not listing for transplant and reasons for not 

receiving a LT while on the waiting list.

Continuous variables were expressed as mean ± SD and categorical variables were expressed 

as percentages. The baseline characteristics at the time of LT evaluation were compared 

using independent sample t test for continuous variables and χ2 tests for categorical data. 

We used multi-variable logistic regression analysis to assess the candidate factors associated 

with listing status and transplant outcome. These models were adjusted for covariates with 

statistical significance (P < 0.05) on univariate analysis. These included gender, presence of 

hepatitis C virus (HCV) or hepatocellular carcinoma (HCC) diagnosis, employment status, 

substance use history, prior substance-related consequences, and psychiatry comorbidity. 

Time series analysis was performed for the proportion of patients with ALD evaluated for 

liver transplant over time. We used SPSS 25.0 (IBM Co., Armonk, NY) for all the analyses.

RESULTS

Among the 2694 adult LT candidates evaluated for LT between January 1st, 2010 and March 

1st, 2017, a total of 949 patients had a diagnosis of ALD (Figure 1). The mean age of the 

ALD candidates was 53 ± 8 years, 84% were Caucasian, and 33% were women. The 

proportion of LT candidates with ALD significantly increased over time (P = 0.02; Figure 2). 

The median age, MELD score, % Medicaid, education level, and marital status were similar 

between men and women (Table 1). Concomitant hepatitis C infection and HCC were 

significantly more common in men versus women (21% versus 15% and 5% versus 2%; P < 

0.05, respectively). Women were more likely to be unemployed (77% versus 65%; P < 0.05), 

report a history of psychiatric comorbidities (44% versus 27%; P < 0.05), and be prescribed 

psychiatric pharmacotherapy at evaluation (24% versus 14%; P < 0.05). In contrast, men 

were significantly more likely to report a history of lifetime tobacco (64% versus 56%; P < 

0.05), marijuana (36% versus 21%; P < 0.05), or other substance use (16% versus 10%; P < 

0.05) as well as substance-related health or legal consequences compared to women (25% 

versus 15%; P < 0.05). Of those patients who completed toxicology testing, positive results 

were similar between men and women.
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The proportion of patients with ALD evaluated for LT increased overtime (P = 0.02) (Figure 

2). Women with ALD were significantly less likely to be listed for LT (10% versus 19%; P < 

0.05) and less likely to undergo LT (40% versus 44%; P < 0.05); this trend continued over 

time (Figure 3A and B). In women, the number of patients not listed due to active substance 

use was significantly higher than in men (42% versus 35%; P < 0.05), while the proportion 

not listed due to medical contraindication was comparable between the groups. During a 

median follow-up of 416 days (range 0–2784), listed women with ALD were less likely to 

undergo deceased organ donor transplant (42% versus 47%; P < 0.05) but the proportion 

removed from the waitlist and stated reasons for removal were similar in the 2 groups (Table 

2).

As noted in Table 3, a number of baseline clinical features in ALD candidates were 

associated with being listed for LT on univariate analysis. However, on multivariate analysis, 

only male gender, presence of HCC, prior history of substance use treatment, and the 

absence of prior substance use health consequences were predictive factors for being listed 

for LT. Similarly, a number of baseline clinical features were associated with an increased 

likelihood of receiving an LT. However, on multivariate analysis, only male gender and the 

presence of HCC remained as significant factors (Table 4).

The clinical characteristics of ALD patients listed for LT by gender are provided in Table S1 

(SDC, http://links.lww.com/TP/B762). The median MELD score at evaluation was higher in 

women (19 ± 10 versus 18 ± 6; P = 0.002). There was no difference in the proportion of 

patients with concomitant hepatitis C infection or HCC. Women with concomitant HCC and 

higher education were more commonly listed for LT (Table S2, SDC, http://

links.lww.com/TP/B762).

DISCUSSION

ALD is a leading cause of cirrhosis worldwide and now accounts for nearly half of cirrhosis-

associated deaths in the United States.1 Our study examined patients with ALD evaluated for 

LT at a single center over a 7-year period. Men with ALD were 95% more likely to be listed 

and 105% more likely to be transplanted compared to women with ALD. These findings are 

consistent with prior research that has demonstrated a lower rate of listing for transplant in 

women with cirrhosis, as well as an increased likelihood of removal from the waitlist. 

Cullaro et al recently found an additional 692 women were removed from the waitlist 

between 2007 and 2014 than would have been expected had they been men. The disparity 

persisted despite adjustment for other factors known to be associated with sickness and 

transplant rates, and despite similar survival after delisting.14 The higher rate of delisting 

and increased mortality on the waiting list observed in women may in part be due to the 

lower frequency of HCV and HCC, the lower lab MELD scores when accounting for GFR 

from gender differences in serum creatinine as well as the smaller stature of women LT 

candidates that reduce their access to donor organs.14 However, clinical characteristics and 

natural history of patients evaluated for liver transplant remained unchanged when patients 

with HCC were removed from our cohort, and women with ALD remained less likely to 

undergo deceased organ donor transplant (Tables S3 and S4, SDC, http://links.lww.com/TP/

B762).
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Rates of positive toxicology for all substances and history of substance use–related treatment 

were equal between men and women in our cohort. This contrasts with the known overall 

lower incidence of substance use in women, as well as the lower rate of substance use-

related health and legal consequences.15 Despite this, significantly more women were not 

listed for LT due to active substance use (42% versus 35%). Several factors may contribute 

to the differential listing for LT of women and men. Women with ALD may not seek or 

complete treatment for substance use, their cases may be subject to bias, and available 

substance use treatment may be less effective for women with ALD due to a higher 

incidence of psychiatric comorbidity. Furthermore, existing screening protocols in other 

settings may under-identify women with substance use problems, an issue that has been 

noted in the substance abuse literature.16-18

Nearly all studies that measure lifetime abstinence from alcohol find it is much more 

common among women than among men, which makes the finding of higher rates of active 

substance use as reasons for not listing counterintuitive.19 Interestingly, we found a trend 

toward increased listing for transplant among women who completed substance use 

treatment on recommendation from our committee. Further investigation into the effect of 

substance use treatment on successful listing for LT is needed.

The prevalence of psychiatric comorbidities and history of psychiatric pharmacotherapy 

were also more prevalent in women (44% versus 27% and 24% versus 14%; P < 0.05), 

which is consistent with known higher rates of depression, anxiety, and psychiatric treatment 

in women.20 This may indicate that while women are likely to obtain general mental health 

treatment, identifying and treating a substance use in women may be more difficult. 

Psychosocial risk is an important determinant of both psychosocial and medical outcomes 

after transplant. Although there are several standardized assessment tools available, their use 

and predictive ability is variable and they are meant as additional tools for clinical judgment, 

not as replacements for it.21 Schneekloth et al assessed the relationship between the 

Psychosocial Assessment of Candidates for Transplantation scale and posttransplant 

outcomes at a single center over 12 years and found that women with ALD and low 

Psychosocial Assessment of Candidates for Transplantation scores, a marker of higher 

psychosocial risk, had a 2-fold hazard of death after transplant. This association did not hold 

for men. Among LT recipients, having a life partner was found to be marginally protective 

for men but not for women.22 Other validated scales such as the Stanford Integrated 

Psychosocial Assessment for Transplant, the Transplant Evaluation Rating Scale, and the 

High Risk for Alcohol Relapse score have been found to have some predictive value in 

determining candidacy for transplant.21,23,24

Women in our cohort were also more likely to be unemployed, which may indicate a lack of 

social support or financial resources that disproportionately affect women’s likelihood of 

being listed. Medicaid insurance rates for LT candidates rose in our population over the 

study period, and the burden of ALD in the Medicaid population is high, given that AUD 

and other mental health disorders disproportionately affect patients of lower socioeconomic 

status.25 Prior research has shown low SES patients have less ability to demonstrate social 

support adequate for listing for LT. Ladin et al recently surveyed 604 members of the 

American Society of Transplant Surgeons and Society for Transplant Social Workers from 
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202 transplant centers. Respondents reported that as many as 20% of candidates evaluated 

for LT were excluded due to lack of social support. Despite acknowledgment of the 

importance of social support as predicting success after LT, two-thirds of respondents 

believed that this burden disproportionately impacted patients of lower socioeconomic status 

and 25% believed it to be unfair.26 This concept is reinforced by our center’s data, where 

women with college education or higher were significantly more likely to be listed for LT.

Limitations of our study include the retrospective nature of our study design. The 

determination of ALD as the primary cause of liver disease was determined by review of 

medical and social work notes and not established using DSM-5 criteria for AUD. In 

addition, we unfortunately did not have a standardized metric to assess subject nutritional 

and frailty status at LT evaluation. Prior studies have suggested that among LT candidates, 

women may be frailer or have a lower functional reserve than men. In support of this, 

women who are delisted frequently enter the waiting list with a lower Karnofsky score and 

higher MELD score.14 In addition, we did not determine what proportion of listed LT 

candidates with ALD had received an exception score or how many women had livers turned 

down for them based on size, although both factors have been shown to contribute to lower 

rates of LT in women.5

In conclusion, our findings show that among LT candidates with ALD, women are less likely 

to be listed and, once listed, were less likely to be transplanted. Psychosocial factors, 

including ongoing substance use with higher rates of substance use treatment and more 

comorbid psychiatric illness, appear to play a role. Future studies are needed to investigate 

the more nuanced psychosocial and potential medical reasons women are not listed for LT. 

Once identified, potential solutions may include earlier AUD detection, prompt specialty 

referral, targeted interventions to strengthen support in patients with AUD, and effective 

treatment of women with comorbid psychiatric and addictive disorders. Transplant centers 

may also consider targeted outreach to women regarding LT in an effort to address this 

critical disparity.
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FIGURE 1. 
Study cohort. Flow diagram of all patients with alcoholic liver disease evaluated during 

study period (2010–2017). ALD, alcohol-related liver disease.
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FIGURE 2. 
Proportion of patients with alcoholic liver disease evaluated for liver transplant over time (P 
= 0.02).
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FIGURE 3. 
Proportion of patients with alcoholic liver disease listed for liver transplant (A) and 

transplanted (B) by gender.
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Table 2.

Natural history of ALD patients evaluated for LT

Evaluated (n = 949) Male (n = 638) Female (n = 311) P

Listed 121 (19%) 33 (11%) 0.009
a

Evaluation to list, d 128 ± 97 120 ± 86 0.63

Not listed reason

Too well 113 (18%) 64 (21%) 0.29

Medical issues 88 (14%) 36 (12%) 0.34

Substance use 221 (35%) 129 (42%) 0.04
a

Others 95 (15%) 49 (16%) 0.63

Listed (n = 154) Male (n=121) Female (n=33) P

Transplanted 57 (47%) 14 (42%) 0.03
a

Remain on list 25 (21%) 6 (18%) 0.09

Not transplanted reason Deceased

Deceased 13 (11%) 5 (15%) 0.1

Medical issues 11 (9%) 3 (9%) 0.12

Substance use 10 (8%) 3 (9%) 0.1

Others 5 (4%) 2 (6%) 0.1

a
P < 0.05.

ALD, alcohol-related liver disease; LT, liver transplantation.
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