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Abstract

Background: Women on the liver transplant waitlist are at greater risk of hospitalization 

compared with men, but whether this impacts length of stay (LOS) post-transplant is unknown. We 

aimed to evaluate gender disparities in post-transplant LOS, an important surrogate of health 

resource utilization post-transplant.

Methods: Using the UNOS/OPTN registry, we analyzed all non-Status 1 adult deceased donor 

liver transplant recipients without exception points from 2008–2017. Poisson regression associated 

female gender with post-transplant LOS.

Results: Of 27,294 transplant recipients, 36% were female. Women were more likely to be 

hospitalized pre-transplant than men (44% vs 39%, p<0.01). Post-transplant, women were more 

likely to have prolonged (≥20d) LOS (25% vs 22%, p<0.01). In univariable analysis, female 

gender was associated with longer post-transplant LOS (IRR 1.09, 95%CI 1.06–1.12, p<0.01). 

Prolonged pre-transplant admission was also associated with post-transplant LOS (IRR 1.83, 

95%CI 1.77–1.89, p<0.01). In multivariable analysis, female gender remained independently 

associated with post-transplant LOS (aIRR 1.05, 95%CI 1.02–1.08, p<0.01), after adjustment for 

age, UNOS region, insurance type, MELDNa, cirrhosis complications, and donor risk index. Pre-

transplant hospitalization mediated this relationship, explaining 14.1% (95%CI 9.7–25.4%) of the 

total effect.

Conclusions: Women who undergo deceased donor liver transplant have increased health care 

utilization in the peri-transplant period compared with men. Reducing gender disparities in liver 

transplantation, including the disproportionate burden of health care utilization by women pre- and 

post-transplant, will require interventions targeted at preventing hospitalization among women on 

the transplant waitlist and developing tools aimed at better characterizing the severity of end-stage 

liver disease in women.
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Women stay in the hospital longer after liver transplant than men, in large part because they are 

hospitalized more before they undergo transplant. This likely results in higher healthcare costs and 

more time away from home for women who undergo transplant. Additional support for women 

early on, while they are waiting for a liver transplant, may help decrease the amount of time they 

spend in the hospital after transplant as well.
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INTRODUCTION

Women have been shown to have worse transplant-related outcomes than men.1 Rates of 

liver transplant are lower for women on the waitlist,2–6 and women are more likely to die or 

become too sick for transplant than men.2,7,8 We have also shown that women on the liver 

transplant waitlist are at increased risk of hospitalization compared with men, independent 

of severity of illness.9 Thus, women with cirrhosis on the liver transplant waitlist have 

higher health care resource utilization than men, and they experience worse outcomes. 

Despite this well-documented gender disparity among patients on the liver transplant 

waitlist, the data are less clear on whether there are gender disparities in outcomes and 

resource utilization after liver transplantation.10,11

Previous studies have shown that both resource utilization and clinical characteristics in the 

peri-transplant period determine outcomes after liver transplantation. Recipient factors such 

as pre-transplant MELDNa, sarcopenia, and life support, donor factors such as age and 

cause of death, as well as operative factors such as cold ischemia time and duration of 

surgery are all known to be associated with increased post-transplant mortality.12–21 Both 

pre- and post-transplant health care utilization factors – including length of stay and 

intensive care unit (ICU) needs – independently predict post-transplant outcomes as well.
19,20,22 In addition to predicting survival, post-transplant length of stay has been shown to be 

a key driver of liver transplantation cost and is relatively consistent across institutions, 

making it a reliable surrogate for resource utilization in the peri-transplant period.13,23

Given increased rates of hospitalization among women on the liver transplant waitlist, we 

hypothesized that there would be gender disparities in peri-transplant health resource 

utilization as well. In particular, we sought to determine whether women have longer post-

transplant length of stay, and whether this affects short-term outcomes post-liver transplant.

MATERIALS AND METHODS

All patients who underwent deceased donor liver transplantation in the United Network for 

Organ Sharing/Organ Procurement and Transplantation Network (UNOS/OPTN) registry 

from January 1, 2008 through December 31, 2017 were evaluated for inclusion in this study. 

Patients who were <18 years old at time of listing, those listed as Status 1, and those with 

fulminant hepatic failure were excluded. Due to differences in severity of illness at time of 
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transplant, those who had hepatocellular carcinoma (HCC), received MELD exception 

points or underwent a living donor liver transplantation were also excluded. As death during 

hospitalization could result in shorter length of stay than expected, patients who died during 

hospitalization (3.4% of cohort, statistically similar rates between women and men) were 

excluded from primary analyses.

Covariates

Data were obtained from the UNOS/OPTN registry as of January 31, 2018. Demographic 

data included gender, age at transplant, race, height, weight, ABO group, insurance type, and 

UNOS region. Given regional variation in MELD scores at time of transplant which may be 

associated with peri-transplant health resource utilization and outcomes, regions were 

categorized as low (3, 8, 10, 11), medium (1, 2, 6) or high (4, 5, 7, 9) based on median 

MELD score at time of transplant.3 Disease-specific data collected at time of transplant 
included disease etiology, history of prior transplant, MELDNa, sodium, portal vein 

thrombus, hepatic encephalopathy, albumin, ascites, and Karnofsky Performance Status 

score. Health care utilization data collected included date of admission, date of transplant, 

date of discharge, and ICU admission immediately prior to transplant. Donor risk index 

(DRI) was calculated as described previously by Feng et al. based on donor-specific 

characteristics.12

Outcomes

The primary outcome in this study was length of stay (LOS) post-transplant, defined as the 

difference between date of discharge and date of transplant. This outcome was further 

categorized into non-prolonged versus prolonged LOS, defined as ≥20 days, which was the 

75th percentile LOS cut-off in our cohort. We hypothesized that hospitalization pre-

transplant was a mediator in the effect of gender on post-transplant length of stay. To explore 

and quantify this effect, we developed mediation models for prolonged length of stay using 

hospitalization pre-transplant as a mediating variable. In addition, we performed a subgroup 

analysis excluding all patients with hospitalization >24 hours prior to transplant. Although 

patients who died during hospitalization were excluded from primary analysis, a secondary 

analysis including these patients was also performed. Secondary outcomes included 

mortality at 3 months, 6 months and one year. Subgroup analysis was performed to evaluate 

whether gender disparities were affected by the Share 35 policy, which was implemented 

June 18, 2013 and mandates broader regional organ sharing for patients with a MELDNa 

score ≥35.

Statistical Analysis

Continuous variables were compared between groups by the Wilcoxon rank sum test. 

Categorical variables were compared between groups by the chi square test. Unadjusted 

models were used to assess the association of all listed covariates with primary and 

secondary outcomes. All covariates with a P < 0.2 in univariate analysis were considered for 

inclusion in multivariate models. Those not reaching significance of P < .05 were 

sequentially eliminated. Length of stay as a count outcome was modeled using a zero-

truncated Poisson regression with robust standard errors, and logistic regression was used to 

associate covariates with prolonged (≥20 days) post-transplant length of stay. To explore this 
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effect of hospitalization pre-transplant as a mediating variable, we utilized the MedEff 

module in Stata 15.0 using our regression models for the binary outcome of LOS >20 days.
24 Cox proportional hazard regression was used to associate covariates with 3-month, 6-

month, 1-year and overall post-transplant mortality, as short-term mortality has been shown 

to be associated with peri-transplant factors.14,20 Follow-up time was defined as the interval 

between the date of transplant and the date of death or last follow-up. Patients remaining 

alive at last follow-up were censored at time of last follow-up. Two-sided P< .05 were 

considered statistically significant. In primary and secondary analyses, we tested for 

interactions between gender and health resource utilization variables (e.g. length of stay, 

ICU stay) given known gender differences in pre-transplant health resource utilization.9 

Analyses were performed using Stata 15.0 statistical software (College Station, TX). This 

study was approved by the institutional review board at the University of California, San 

Francisco.

RESULTS

There were 27,294 deceased donor liver transplant recipients during the study period. Of 

these, 9,700 (36%) were female and 20,080 (74%) were non-Hispanic white. Median pre-

transplant laboratory MELDNa was 29 [interquartile range (IQR) 22–35]. Compared with 

men, women in the cohort were less likely to be White (71% vs 75%, p <0.001) and less 

likely to have cirrhosis due to Hepatitis C (23% vs 35%, p<0.001) or alcohol (23% vs 33%, 

p < 0.001) (Table 1). Comorbidities including diabetes and obesity, as well as listing 

MELDNa, were similar between women and men. At the time of transplant, women had 

been on the waitlist for longer than men (51d vs 47d, p=0.001) and MELDNa at time of 

transplant was higher (29 vs 28, p<0.001). Women and men had clinically similar rates of 

hepatic encephalopathy, ascites, and portal vein thrombosis though women were more likely 

to have had dialysis in the week prior to transplant (22% vs 19%, p<0.001) and to be on life 

support at the time of transplant (11% vs 8%, p<0.001). Functional status, as measured by 

Karnofsky Performance Score (KPS), was slightly worse in women compared with men at 

time of transplant, with a larger proportion of women having KPS of 40 or less (54% vs 

50%, p<0.001). Donor-risk index was 1.5 (IQR 1.2–1.8) in women and 1.4 (IQR 1.2–1.7) in 

men (p<0.001).

Pre-transplant hospitalization

Of the 41% of patients who were hospitalized for >1 day prior to transplant, 52% had a 

prolonged pre-transplant hospitalization (>10 days), and 36% were transplanted from the 

intensive care unit (ICU). Women were significantly more likely to be hospitalized in the 

immediate pre-transplant period than men (44% vs 39%, p<0.001), and were more likely to 

have a prolonged pre-transplant hospitalization (24% vs 20%, p<0.001). Women were also 

more likely to be transplanted from the ICU than men (18% vs 15%, p<0.001).

Post-transplant length of stay

Regarding post-transplant outcomes, the median post-transplant length of stay was 11 days 

for both women (IQR 8–20) and men (IQR 7–18), though the length of stay distribution 

differed significantly between genders on Wilcoxon rank-sum analysis (p<0.001), as shown 
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in Figure 1. Women were also significantly more likely to have a prolonged post-transplant 

hospitalization (≥ 20 days) than men (25% vs 22%, p<0.001). Compared to women without 

prolonged hospitalization, women with prolonged hospitalization were older (56 vs 55, 

p<0.001), more likely to be non-White (32% vs 29%, p=0.01), and to have non-private 

insurance (52% vs 47%, p<0.001) (Table 2). Women with prolonged hospitalization were 

also more likely to have diabetes (27% vs 24%, p=0.02), to have higher MELDNa scores (33 

vs 27, p<0.001), more complications of cirrhosis at transplant (including hepatic 

encephalopathy, dialysis, and ascites), and to be unable to care for themselves at time of 

transplant (73% vs 46%, p<0.001).

On univariable Poisson regression, female gender was independently associated with post-

transplant length of stay (IRR 1.09, 95% CI 1.06–1.12, p<0.001). Other variables associated 

with post-transplant length of stay on univariable analysis were: age, Hispanic ethnicity, 

BMI, autoimmune liver disease, UNOS region, history of previous transplant, transplant 

laboratory MELDNa, DRI, as well as pre-transplant albumin, hepatic encephalopathy, 

ascites, portal vein thrombosis, life support, and Karnofsky Performance Status (Table 3). In 

addition, hospitalization for >24 hours pre-transplant, as well as ICU admission pre-
transplant were associated with significantly increased post-transplant length of stay (IRR 

1.72, 95% 1.67–1.77, p<0.001 and IRR 1.93, 95% CI 1.86–2.00, p<0.001, respectively).

On multivariable analysis, after adjustment for age, ethnicity, UNOS region, insurance type, 

BMI, DRI, MELDNa, hepatic encephalopathy, ascites, portal vein thrombosis, life support, 

and KPS, female gender remained independently associated with our primary outcome of 

post-transplant length of stay (aIRR 1.04, 95% CI 1.01–1.07, p=0.007). On sensitivity 

analysis including all patients, including those who died in the hospital, the same covariates 

were associated with post-transplant length of stay. Female gender was also associated with 

our secondary outcome of prolonged (≥20-day) post-transplant length of stay on univariable 

(OR 1.22, 95% CI 1.15–1.29, p<0.001) and multivariable (adjusted OR 1.17, 95% CI 1.10–

1.25, p<0.001) analysis.

We hypothesized that pre-transplant health care utilization factors, specifically pre-transplant 

hospitalization and prolonged pre-transplant hospitalization, were mediating variables on the 

effect of gender on prolonged post-transplant length of stay. On mediation analysis using 

multivariable logistic regression for prolonged post-transplant length of stay, we found that 

14.1% (95% CI 9.7–25.4%) of the total effect of gender on prolonged post-transplant length 

of stay was mediated by pre-transplant hospitalization >24 hours. Similarly, prolonged pre-

transplant hospitalization (>10 days) explained 18.7% (95% CI 12.8–24.6%) of the total 

effect of gender on prolonged post-transplant length of stay. These findings are further 

supported on subgroup analysis excluding all patients with pre-transplant hospitalization 

(n=11,131, 40.8%). Even among this subgroup, female gender is independently associated 

with post-transplant length of stay (aIRR 1.04, 95% CI 1.01–1.08, p = 0.02) and 18% 

increased odds of prolonged post-transplant length of stay (aOR 1.18, 95% CI 1.07–1.30, 

p=0.001) on multivariable analyses.

In order to determine whether there were any changes in gender disparities in resource 

utilization as a result of policy changes—specifically the Share 35 policy, we performed a 
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subgroup analysis looking at gender differences before and after June 18, 2013. Women who 

were transplanted in the post-Share 35 era had significantly higher rates of prolonged length 

of stay compared to women transplanted in the in the pre-Share 35 era (26% vs 24%, p = 

0.008). Men, in contrast, had similar rates of prolonged length of stay before and after the 

change in policy (22% vs 22%, p = 0.94). This increasing disparity is also demonstrated in 

Figure 2, which plots post-transplant length of stay by year for women and men.

Post-transplant mortality

380 (3.8%) women and 608 (3.3%) men died in the hospital (p = 0.06) following liver 

transplant, with no significant difference in median post-transplant length of stay prior to 

death (16 days for women and 19 days for men, p = 0.19). Among patients who did not die 

during initial transplant hospitalization, three- and six-month post-transplant mortality were 

1.3% and 2.9%, respectively; one-year mortality was 5.2%. Female gender was not 

independently associated with post-transplant mortality at any time point, nor was it 

associated with overall post-transplant mortality on univariable Cox regression (HR 0.98, 

95% CI 0.92–1.05, p = 0.55). Patients with prolonged post-transplant hospitalizations, 

however, had nearly twice the risk of death compared with those without prolonged 

hospitalizations on univariable (HR 1.98, 95% CI 1.86–2.11, p<0.001) and multivariable 

(aHR 1.95, 95% CI 1.83–2.09, p<0.001) Cox regression. Interestingly, as shown in Figure 3, 

among the subgroup of patients with prolonged hospitalization, female gender was 

associated with a 13% decreased risk of post-transplant mortality (HR 0.87, 95% CI 0.78–

0.97, p = 0.016). In contrast, among those without prolonged hospitalization, there was no 

difference in mortality between women and men (HR 1.00, 95% CI 0.92–1.08, p = 0.99). 

There was a trend toward an interaction between gender and prolonged hospitalization on 

post-transplant mortality (p = 0.053).

DISCUSSION

While women on the liver transplant waitlist have higher rates of mortality, dropout and 

hospitalization than men, gender disparities in outcomes and resource utilization in the peri-

transplant period are less well-established. In this study, we aimed to determine whether 

there were gender differences in post-transplant hospital length of stay and short-term 

mortality among a contemporary cohort of patients that underwent liver transplant in the 

United States (US). We found that women had both significantly longer post-transplant 

length of stay than men, and were significantly more likely to have prolonged post-

transplant hospitalizations, but surprisingly, these differences did not result in decreased 

short-term survival among women.

Several previously published studies have sought to identify predictors of length of stay 

post-liver transplant, yet only one identified female gender as a significant predictor of 

prolonged length of stay.16 Of note, most of these previous studies utilized transplant data 

from prior to 2010. Over time, spurred by the introduction of MELD-based organ allocation, 

the US has witnessed trends of increasing recipient disease severity and decreasing graft 

quality, which has resulted in changing characteristics and outcomes of the waitlist and post-

transplant populations, including an increasing proportion of female transplant recipients.25 
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In addition, in 2013, the Share 35 allocation policy was introduced to prioritize liver 

transplant for patients with high MELD, further increasing the proportion of female 

transplant recipients among patients with MELD ≥35.26 This change may have intensified 

the post-transplant length of stay disparity between women and men. On subgroup analysis 

in the present study, we found this to be true – the proportion of women with prolonged 

post-transplant length of stay significantly increased since June 2013, after Share 35 was 

implemented, but the proportion of men with prolonged length of stay remained similar. 

Additionally, the differences in median length of stay between women and men seems to be 

increasing over time. These findings highlight the need for studies that better quantify 

gender disparities in the setting of changing demographics and practice patterns in the post-

Share 35 era.

What explains our observed disparity in post-transplant length of stay between women and 

men? Similar to prior studies,16,17,21 we found that several demographic, pre-transplant 

clinical, and donor-related factors were associated with longer post-transplant length of stay. 

However, the gender disparity persisted even after adjustment for all these factors. 

Interestingly, several measures of pre-transplant health resource utilization, including pre-

transplant hospitalization, prolonged length of stay, and ICU admission – all of which were 

higher in women – mediated a portion, but not all, of women’s longer length of stay post-

transplant. Thus, we believe that the gender disparities we observed in post-transplant length 

of stay are likely in part explained by the same factors that explain women’s poorer waitlist 

outcomes, factors such as physical deconditioning, non-liver related comorbidities (e.g. 

depression, chronic pain) and sociodemographic factors (e.g. lack of caregiver support). 

Conservative clinical management in the presence of such factors may exacerbate the 

observed disparity. This hypothesis is supported by previous studies of transplant patients 

showing that these specific, non-hepatic factors are all independent predictors of post-

transplant length of stay and post-discharge rehabilitation needs.18,27–29 In the present study, 

low Karnofsky Performance Status at the time of transplant – perhaps a surrogate of physical 

deconditioning – explained some of the gender disparity we observed, though the other 

aforementioned factors could not be explored using the UNOS/OPTN data.

Similar to previously published studies,19,22 we found that prolonged post-transplant 

hospitalization was associated with significantly increased short-term post-transplant 

mortality. Interestingly, this effect was significantly stronger among men than women - 

women in our cohort did not have increased mortality rates despite longer post-transplant 

length of stay. These findings suggest either that the gender disparities we observed are 

limited to the peri-transplant period, or that women have increased resilience following liver 

transplantation than men. This may relate to women being sicker than MELDNa reflects 

prior to transplant as measured by factors that resolve in the short-term post-liver transplant, 

such as deconditioning, frailty or renal dysfunction. There may also be biologic differences 

in liver regeneration between women and men, or improved management of other 

comorbidities post-transplant. Although our observed gender disparities in health resource 

utilization did not translate to disparities in post-transplant mortality, they undoubtedly have 

significant implications in post-transplant quality of life and peri-transplant costs. Moreover, 

the fact that gender disparities are limited to the pre- and peri-transplant periods suggests 

that they may be more easily addressed through interventions targeted at improving care for 
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women on the liver transplant waitlist pre-transplant, and would not require ongoing 

interventions post-transplant.

We acknowledge the following limitations to this study. First, while we adjusted for several 

demographic and pre-transplant variables that could explain post-transplant length of stay, 

other variables that have been shown to be important predictors of length of stay and gender 

disparities in other studies – such as operative and post-transplant hospitalization details, 

comorbidities, and length of ICU stay – were not available in the UNOS/OPTN database. 

The dataset is also missing post-discharge details – such as need for rehab services, 

subsequent functional assessments, and quality of life metrics – which may help explain 

both the disparities in length of stay (i.e. wait time for skilled nursing facility beds) and the 

unexpectedly similar mortality rates between women and men. Second, several of the health 

resource utilization metrics used in this analysis – such as need for hospital admission, 

indication for ICU admission pre-transplant and length of stay post-transplant – may be 

subject to variability by centers or individual providers. Third, this study excludes patients 

with MELD exception points; previous studies have shown that women are less likely to 

receive exception points than men,30 which may exacerbate our observed disparities. We 

performed a similar analysis on only patients with MELD exception points (data not shown) 

and obtained similar results. Finally, this study represents a large cohort with the statistical 

power to make clinically insignificant differences statistically significant. However, even 

seemingly small gender disparities in length of stay may result in significant increases in the 

cost of care, as the number of women undergoing transplant – particularly those with high 

MELD – is rising, and the disparity seems to be worsening. During our study period, the 

disparities we identified translated into increased length of stay for nearly 1000 women, 

which has significant implications for both costs and quality of life.

The present study advances our knowledge of gender disparities in liver transplantation by 

exploring disparities in outcomes and health resource utilization in the peri-transplant 
period. Our findings that the well-known disadvantages for women on the liver transplant 

waitlist are not limited to pre-transplant, but in fact carry forward to the peri-transplant 

period as well, highlight that gender disparities have significantly more impact than 

previously recognized. That women are more likely than men to have prolonged post-

transplant length of stay, in addition to significantly more health care utilization in the days 

prior to transplant, suggests additional implications of gender disparities in pre-transplant 
clinical characteristics that are not accurately captured by MELDNa or other traditional 

markers of disease severity. Thus, to reduce these disparities, we should develop pre-

transplant interventions targeted specifically at preventing hospitalization among women on 

the liver transplant waitlist. In addition, efforts should be focused on developing improved 

tools to better characterize the severity of end-stage liver disease in women, possibly through 

further revisions to the MELDNa allocation system. Such changes may serve to reduce both 
waitlist disparities and the disproportionate burden of health care utilization by women 

compared with men in the peri-transplant period. In a field as advanced as liver 

transplantation, no form of gender-based disparity is acceptable. Future research on gender-

specific prognosis and management strategies is essential in reducing disparities, reducing 

the cost of care, and improving outcomes and quality of life for all patients undergoing liver 

transplant.
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Figure 1. Post-Liver Transplant Length of Stay by Gender
Excludes patients with post-transplant length of stay over 50 days (n=1,268). Solid bars 

represent men and shaded bars represent women. Median length of stay was 11 days for both 

women and men, but distribution of length of stay differed significantly (Wilcoxon Rank-

Sum p <0.001).
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Figure 2. Gender Disparity in Post-Transplant Length of Stay Over Time, 2008–2017
Panel A shows median length of stay post-liver transplant for women (triangles) and men 

(circles) by year. Panel B shows the percent of women (triangles) and men (circles) with 

prolonged length of stay (≥ 20 days) post-transplant by year. Short dashed line is linear best 

fit line for women; long dashed line is linear best fit for men in both panels.
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Figure 3. Post-Transplant Waitlist Mortality by Gender and Prolonged Length of Stay Post-
Transplant
Kaplan-Meier survival curve for patients who underwent liver transplantation in the US 

(2008–2017), and survived initial post-transplant hospitalization. Black lines represent 

women and grey lines represent men. Prolonged post-transplant length of stay (LOS) defined 

as ≥20 days. For patients without prolonged LOS, mortality between women and men did 

not differ (Kaplan Log-Rank p = 0.99). For patient with prolonged LOS, mortality in women 

was significantly lower than in men (Kaplan Log-Rank p = 0.016).
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Table 1.

Characteristics of patients who underwent liver transplantation in the United States 2008–2017 †

Women (n = 9,700) Men (n = 17,594) p-value

Demographics, comorbidities, and liver disease history

Age at listing, years 55 (48–61) 55 (48–60) <0.001

Ethnicity

White 70.5 75.3

<0.001

Black 11.2 8.4

Hispanic 14.2 12.9

Asian 2.4 2.3

Other 1.7 1.2

Liver diagnosis

Alcohol 16.2 26.2

<0.001

Hepatitis C 23.1 33.2

NASH/Cryptogenic 28.5 20.2

Hepatitis B 1.1 2.2

Autoimmune/cholestatic 23.1 9.4

Other 8.0 8.9

History of prior transplant 2.5 2.7 0.17

Height, cm 163 (158–168) 178 (173–183) <0.001

Obesity 42.1 41.6 0.42

Diabetes 25.0 24.9 0.80

Insurance

Private 52.1 56.0

<0.001Medicare 17.4 14.5

Medicaid 28.1 24.4

Blood type

A 35.1 36.5

0.14
B 13.7 13.7

AB 5.7 5.4

O 45.4 44.4

Region risk

Low 49.0 48.9

<0.001Medium 15.6 17.9

High 35.4 33.3

Time on waitlist, days 51 (11–209) 47 (11–186) 0.001

Clinical characteristics at time of transplant

Age, years 56 (49–62) 55 (49–61) <0.001

MELDNa 29 (23–35) 28 (22–35) <0.001

Hepatic encephalopathy 73.5 74.1 0.32

Ascites 86.2 87.2 0.02

Portal vein thrombus 11.3 11.7 0.34

Dialysis 23.9 20.7 <0.001

Life support 10.6 8.4 <0.001

Karnofsky Performance Status 40 (20–60) 50 (20–70) <0.001

KPS Category
Unable to care for self 52.9 49.2

<0.001
Unable to work 37.0 38.4
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Women (n = 9,700) Men (n = 17,594) p-value

Normal activity 10.1 12.4

Donor risk index 1.5 (1.2–1.8) 1.4 (1.2–1.7) <0.001

Health resource utilization pre-transplant

Hospitalized pre-transplant 44.0 39.0 <0.001

Prolonged hospitalization (> 10d) pre-transplant 24.1 19.8 <0.001

Transplanted from ICU 18.0 14.1 <0.001

†
Data presented as percent or median (interquartile range)

Nonalcoholic steatohepatitis (NASH); Model for End-Stage Liver Disease with Sodium (MELDNa); Karnofsky Performance Score (KPS); 
intensive care unit (ICU).
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Table 2.

Characteristics of women who underwent liver transplantation in the United States 2008–2017, by length of 

stay †

Length of stay <20 days
(n = 7,246)

Length of stay ≥20 days
(n = 2,454) p-value

Demographics, comorbidities, and liver disease history

Age at listing, years 55 (48–61) 56 (49–62) <0.001

Ethnicity

White 71.2 68.5

<0.001

Black 11.6 9.8

Hispanic 12.9 17.8

Asian 2.4 2.6

Other 1.9 1.4

Liver diagnosis

Alcohol 15.8 17.2

0.05

Hepatitis C 23.2 22.7

NASH/Cryptogenic 19.2 20.7

Hepatitis B 9.0 8.8

Autoimmune/cholestatic 23.7 21.2

Other 7.9 8.6

History of prior transplant 2.3 2.9 1.1

Height, cm 163 (158–168) 163 (158–168) <0.001

Obesity 41.8 43.0 0.31

Diabetes 24.4 26.8 0.02

Insurance

Private 53.5 48.0

<0.001Medicaid 16.5 20.1

Medicare 27.6 29.7

Region risk

Low 53.6 35.4

0.003Medium 14.9 17.9

High 31.5 46.7

Clinical characteristics at time of transplant

Age, years 55 (48–61) 57 (50–63) <0.001

MELDNa 27 (22–34) 33 (27–39) <0.001

Hepatic encephalopathy 71.8 78.5 <0.001

Ascites 85.6 87.8 0.008

Portal vein thrombus 10.9 12.3 0.07

Dialysis 16.5 38.7 <0.001

Life support 10.6 8.4 <0.001

Karnofsky Performance Status 50 (30–70) 30 (20–50) <0.001

KPS Category

Unable to care for self 46.0 73.1

<0.001Unable to work 42.0 22.4

Normal activity 12.0 4.5

Donor risk index 1.5 (1.2–1.8) 1.5 (1.2–1.8) 0.05

Health resource utilization pre-transplant
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Length of stay <20 days
(n = 7,246)

Length of stay ≥20 days
(n = 2,454) p-value

Hospitalized pre-transplant 36.3 66.7 <0.001

Prolonged hospitalization (> 10d) pre-transplant 17.2 44.5 <0.001

Transplanted from ICU 11.9 36.1 <0.001

†
Data presented as percent or median (interquartile range)

Nonalcoholic steatohepatitis (NASH); Model for End-Stage Liver Disease with Sodium (MELDNa); Karnofsky Performance Score (KPS); 
intensive care unit (ICU).
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Table 3.

Predictors of post-transplant length of stay among patients who underwent liver transplant in the United States 

2008–17

Univariable Multivariable †

IRR 95% CI p-value aIRR 95% CI p-value

Female gender 1.09 1.06–1.12 <0.001 1.04 1.01–1.07 0.007

Age (at transplant) per year 1.01 1.00–1.01 <0.001 1.01 1.00–1.01 <0.001

Race

 White Ref 0.91–0.99 0.013

 Black 0.95 1.12–1.23 <0.001

 Hispanic 1.17 0.99–1.18 0.08

 Asian 1.08

Nonwhite race 1.07 1.04–1.11 <0.001

Body mass index 1.00 0.99–1.00 0.001 0.99 0.99–1.00 <0.001

Diabetes 1.04 1.01–1.08 0.02

Liver diagnosis

 Alcohol Ref 0.96–1.03 0.76

 Hepatitis C 0.99 0.97–1.07 0.49

 NASH 1.02 0.92–1.03 0.28

 Cryptogenic 0.97 0.94–1.23 0.31

 Hepatitis B 1.07 0.87–0.96 <0.001

 Autoimmune/cholestatic 0.91

Prior transplant 1.22 1.11–1.34 <0.001 1.21 1.10–1.33 <0.001

Days on waitlist 1.00 1.00–1.00 0.28

Insurance

 Private Ref 1.09–1.18 <0.001 Ref 1.03–1.11 0.001

 Medicaid 1.14 1.10–1.18 <0.001 1.07 1.05–1.12 <0.001

 Medicare 1.14 1.09

MELDNa at transplant per point 1.03 1.03–1.03 <0.001 1.01 1.01–1.01 <0.001

Albumin at transplant per point 1.13 1.10–1.16 <0.001

Hepatic encephalopathy 1.25 1.22–1.28 <0.001 1.09 1.07–1.12 <0.001

Ascites 1.08 1.03–1.13 0.002 0.90 0.85–0.94 <0.001

Dialysis at transplant 1.64 1.59–1.70 <0.001

Life support at transplant 2.08 1.99–2.18 <0.001 1.57 1.50–165 <0.001

Portal vein thrombus at transplant 1.08 1.03–1.13 0.001 1.07 1.02–1.11 0.002

KPS category prior to transplant

 80 or more

 50–70 Ref Ref

 40 or less 1.10 1.71–1.87 <0.001 1.04 1.00–1.09 0.07

1.79 1.71–1.87 <0.001 1.37 1.31–1.44 <0.001

Hospitalization pre-transplant 1.72 1.67–1.77 <0.001 1.21 1.16–1.26 <0.001

Transplant from ICU 1.93 1.86–2.00 <0.001 1.24 1.18–1.29 <0.001
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Univariable Multivariable †

IRR 95% CI p-value aIRR 95% CI p-value

Donor risk index per point 0.95 0.92–0.99 0.006 1.04 1.01–1.08 0.05

†
Adjusted for year and region

Incidence rate ratio (IRR); confidence interval (CI); Nonalcoholic steatohepatitis (NASH); Model for End-Stage Liver Disease with Sodium 
(MELDNa); Karnofsky Performance Score (KPS); intensive care unit (ICU).
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