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Abstract

OBJECTIVES: Chronic infection with hepatitis C virus (HCV) was previously the leading 

indication for liver transplant (LT) in the United States. However, since 2014 the use of 

direct-acting antivirals (DAAs) has decreased the chronic HCV burden, while the prevalence of 

nonalcoholic steatohepatitis (NASH) has risen substantially through the last decade. Both gender 

and ethnic disparities in indications for LT have been shown in the past but no data on this have 

been reported since the implementation of DAAs.

METHODS: We assessed changes in etiologies for LT listing and in gender and ethnic differences 

in those listed for LT. Adult patients registered for LT in the United Network for Organ 
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Sharing/Organ Procurement and Transplantation Network database between January 1, 2004 and 

December 31, 2016 were included. Multinomial logistic regression modeling was used to test for 

changes in waitlist or liver transplant rates.

RESULTS: The study included 127,164 adult patients registered for LT. By 2016, alcoholic liver 

disease (ALD) was the leading etiology for waitlisting and LT; NASH was second; hepatocellular 

carcinoma (HCC) due to chronic HCV and chronic HCV alone were 3rd and 4th. NASH was 

the leading cause for LT for women and the 2nd leading cause for men (following ALD). NASH 

increased as the cause in all ethnic subgroups and was the leading cause in 2016 among Asian, 

Hispanic, and non-Hispanic white females. We also found that although the indication for liver 

transplant for hepatocellular carcinoma (HCC) due to HCV has increased over the years, this 

indication decreased for the first time between 2015 and 2016 in both males and females.

CONCLUSIONS: NASH is currently the second leading cause for LT waitlist registration/liver 

transplantation overall, and in females, the leading cause. Given the rate of increase, NASH will 

likely rise to become the leading indication for LT in males as well.

IntroductIon

Chronic infection with hepatitis C virus (HCV) was previously the leading etiology of 

chronic liver disease among patients registered for liver transplant (LT) in the United 

States (U.S.) [1, 2].However, since the advent of direct-acting antivirals (DAAs) in 2014, 

the burden of chronic HCV has decreased [3, 4]. Over the course of the last decade, 

nonalcoholic steatohepatitis (NASH) has risen to be the second leading etiology of chronic 

liver disease among new LT registrants in the U.S. [4–7]. The leading cause of LT in the 

U.S. in 2013 was chronic HCV followed by NASH, but more recent data from 2015 showed 

that alcoholic liver disease (ALD) was the leading cause followed by NASH [4, 5]. It is 

currently thought that NASH will be the leading cause of LT by 2020 [8]. The previous 

reports from Wong et al and Goldberg et al. [4, 5] investigated LT etiologies one year prior 

to and one year post-implementation of DAAs. However, gender and race differences on the 

LT list have not been assessed since DAAs became the standard treatment for chronic HCV.

When gender disparities in LT were studied in the past, it was shown that compared to men 

women had increased LT waiting-list mortality and lower transplantation rates, pointing to 

the need for further research to understand these disparities and close the gap between males 

and females [9, 10]. Ethnic disparities have also been shown to exist throughout the process 

of LT, from disease recognition to treatment to registration [11, 12]. African Americans are 

disproportionately affected by chronic HCV, and have been shown to have more severe liver 

disease at the time of waitlist registration compared to non-Hispanic whites [13, 14]. Prior 

to the adoption of the Model for End-Stage Liver Disease (MELD)-based liver allocation 

system, African Americans were noted to have significantly lower transplant rates which 

subsequently improved in the MELD era [15–17]. NASH and ALD have been largely 

associated with minority populations in the U.S. and the incidence of subsequent chronic 

liver disease and HCC is growing fastest among Hispanics [12, 18, 19]. However, studies 

have shown significantly lower transplant rates among minorities, particularly Hispanics and 

Asians, when compared to non-Hispanic whites [12]. Given the shifting demographics of 

the U.S., the goal of this study was to assess changes in gender and ethnic differences in 
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waitlist registration and LT over time, especially after the implementation of DAAs. We 

hypothesized that the decrease in chronic HCV due to the use of DAAs and the steadily 

rising increase in NASH in the U.S. will have led to changes in gender and racial disparities 

in the LT waitlist registration and indications.

METHODS

Study design and participants

The study cohort included adult patients aged 18 years and older registered for LT in 

the United Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation 

Network (OPTN) database between January 1, 2004 and December 31, 2016. Registered 

patients with a previous LT were excluded along with those registered for another organ 

other than kidney; patients listed for both liver and kidney were included. Disease diagnosis 

coding in the UNOS/OPTN registry determined the etiology of chronic liver disease. Based 

on methods in previous studies, patients with both HCV and ALD disease diagnosis codes 

were grouped into a separate category to combine HCV/ALD [5]. Of the patients with HCC, 

the underlying liver disease was determined based on secondary disease diagnosis codes. 

Similar to previous studies, a modified NASH category was created to include patients with 

a diagnosis of NASH or those with cryptogenic cirrhosis in the setting of body mass index 

(BMI)≥30 kg/m2 or diabetes mellitus [5].

Statistical analysis

Multinomial logistic regression modeling was used to test for changes in the rates of waitlist 

or liver transplant of each diagnostic category over each year of data within each strata. 

Post-hoc testing across strata was performed with linear hypothesis testing of regression 

coefficients. Percent change values over time were computed as the difference in observed 

counts divided by the prior count. The analysis was performed using SAS v9.4 software.

RESULTS

Liver transplant registration between 2004 and 2016

The study included 127,164 adult patients registered for LT. The characteristics of the study 

population are shown in supplementary Table 1. Overall, the average age was 54.3 ± 10.2 

years, 64.5% were male, 70.6% were Caucasians, and the average BMI and MELD score 

were 28.7 ± 5.8 kg/m2 and 21.1 ± 11.3, respectively. Between 2004 and 2016, ALD rose to 

become the leading cause of waitlist registration by adults for LT followed by NASH, while 

HCV with HCC and HCV alone were the 3rd and 4th leading causes (Supp. Figure 1). Since 

2004, there was a 68% decrease in the number of waitlist registrants diagnosed with HCV as 

the primary etiology (p < 0.0001) (Supp. Table 2) and a 97% increase in NASH (p < 0.0001) 

as etiology for waitlist registrants. Between 2015 and 2016 alone, there was an 11% increase 

in NASH (p = 0.0385) with a 24% decrease in HCV (p < 0.0001) (Supp. Table 2). Between 

2004 and 2016, there was a 1413% increase (p < 0.0001) in the rate of waitlist registrants 

with HCC and NASH, the largest change observed across all disease categories. During the 

entire period there was also an overall increase in the rate of waitlist registrations with HCC 

due to HCV; however, between 2015 and 2016, there was a decrease in this rate of 12% (p = 
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0.003) (Supp. Table 2), a change that was statistically significant in males but not in females 

(Table 1).

Gender and ethnic differences in liver transplant registration

Among both males and females between 2004 and 2016 there was a significant rate increase 

in waitlist registration due to NASH (114% change in males and 80% change in females, 

p < 0.0001) (Table 1). There was a 2383% increase in NASH with HCC in the female 

cohort in this time period among waitlist registrants (p < 0.0001) (Table 1), a change 

approximately twice the change in males (1172%) over this period. By 2016, NASH had 

become the leading cause of LT waitlist registration for women while in men the leading 

cause continued to be ALD (Fig. 1). ALD as the etiology for waitlist registration continued 

to increase between 2004 and 2016 in both males and females, although the change in 

females was larger than that in men (87 vs 49%, p = 0.0008) (Table 1).

There were also ethnic differences in waitlist registration for LT. Between 2004 and 2016, 

NASH continued to rise as a cause of waitlist registration across all ethnic groups (Fig. 2). 

Among Asian, Hispanic, and non-Hispanic white females, NASH was the leading cause of 

waitlist registration in 2016, whereas HCV remained the leading cause in African American 

females (Fig. 2). Asian females had an 854% change in NASH waitlist registration while 

Asian males had a 552% change (Table 2). The African American population had less 

increase in the rate of waitlist registration for NASH compared to the other ethnic groups. 

Strikingly, between 2004 and 2016 Hispanic females had a 3010% change in the rate of 

waitlist registration for NASH with HCC while non-Hispanic white females had a 1992% 

change (Table 2).

Liver transplant indications by 2016

By 2016 ALD had become the leading cause of LT overall, increasing by 42% from 2004, 

while HCV as the cause had decreased by 55% (Supp. Table 3). NASH rose to be the second 

leading cause of transplant, increasing by 109% between 2004 and 2016 (Supp. Figure 2); (p 
< 0.001) (Supp. Table 3). Between 2004 and 2016, there was a 940% increase (p < 0.0001) 

of HCC due to NASH as an indication for LT. Although there was also an overall increased 

rate of HCC due to HCV during this period, we found that there was a decrease of 27% in 

the rate of waitlist registrants with HCC due to HCV between 2015 and 2016 (p < 0.0001) 

(Supp. Table 2). This change was statistically significant in both males and females (Table 

1).

Gender and ethnic differences in liver transplant indications by 2016

By 2016 NASH had become the leading indication for LT in females, followed by ALD 

and then HCV (Fig. 3). In males, by 2016 ALD had become the leading cause of transplant 

followed by NASH (Fig. 3). The female population displayed a 91% increase in NASH as 

the indication for transplant between 2004 and 2016 (p < 0.0001), while males had a 120% 

increase in the same time period (p < 0.0001) (Table 3). There was a 32% increase in the 

rate of NASH as the cause of LT in males and a 19% increase in females from 2015 to 2016 

(p < 0.0001). There was a decrease in HCV with HCC as a cause for transplant by 27% in 

both males (p < 0.0001) and females (p = 0.0025) while HCV alone as a cause for transplant 
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decreased by 15% in males (p = 0.0437) and 23% in females between 2015 and 2016 (p = 

0.0042) (Table 3).

In the analysis of ethnic differences, it was shown that NASH continued to increase as a 

cause of transplant over time (Fig. 4) between 2004 and 2016. Among non-Hispanic white, 

Hispanic, and Asian females, NASH was the leading indication for LT in 2016 (Fig. 4, Table 

4). Increases in NASH as the cause of transplant were seen in the male ethnic subgroups as 

well. Most notably this was evident in Asian males with a 597% increase from 2004 to 2016, 

followed by Hispanic males with a 240% increase and then non-Hispanic white males with a 

115% increase (Table 4).

Cryptogenic cirrhosis vs NASH-only coding for liver transplant registration and indication

In our study, we followed the methods used in multiple recent studies by including 

cryptogenic cirrhosis with BMI ≥ 30 kg/m2 or diabetes mellitus as an indication for NASH 

in the UNOS transplant list [4, 5]. This is plausible and well-accepted as NASH has been 

inferred as the most likely cause of liver disease in patients with a diagnosis of cryptogenic 

cirrhosis and metabolic syndrome, given the disappearance of NASH-defining histological 

findings once cirrhosis develops [20, 21]. However, we sought to investigate if our findings 

would change if we excluded cryptogenic cirrhosis with BMI ≥ 30 kg/m2 or diabetes 

mellitus as an indication for NASH. Although this might exclude a large population of 

patients and underrepresent subjects with NASH as the indication for LT, with our analysis 

we found no change in the general findings. Overall, NASH was still the 2nd leading 

cause of liver transplant registration and indication following ALD (data not shown). NASH 

remained the leading cause of liver transplant registration and indication in women. NASH 

was also the 2nd leading cause of liver transplant indication following ALD in men, and the 

3rd leading cause of liver transplant registration with no significant difference from the 2nd 

leading cause, HCC due to HCV, although the latter is now on the decline.

DISCUSSION

In this study, the etiologies of waitlist registration and LT were evaluated in a population 

of 127,164 patients from the UNOS database to compare differences in males and females 

and in ethnic subgroups for the first time since implementation of DAAs for treatment of 

chronic HCV. We report for the first time that in 2016 NASH was the leading cause of 

waitlist registration and liver transplant in females. In males, there was also an increased 

incidence of NASH as the etiology of LT waitlist registration but ALD continued to prevail 

as the leading etiology. In all ethnic subgroups, the incidence of NASH continued to rise 

over the 14 years assessed. Most notably, there was a significant rise in NASH in the 

Hispanic population overall. There was a very substantial increase in waitlist registration and 

indication for LT for HCC due to NASH in Hispanic females over this 14-year period. We 

also report for the first time a decrease in LT and waitlist registration for HCC due to HCV 

between 2015 and 2016.

The increasing prevalence of NASH has been attributed to rising obesity, diabetes mellitus 

type 2, and dyslipidemia [22, 23]. Wong et al reported that in 2013 NASH became the 

second leading etiology of liver disease among new adult LT waitlist registrants [5]; 
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Goldberg et al. reported that NASH was the 3rd leading cause of LT waitlist registration 

in adults in 2015 [4]. Using the most recent UNOS/OPTN data our study shows that NASH 

is now the second leading cause of LT waitlist registration overall, but demonstrates for the 

first time that NASH is the primary cause in females. Several prior studies have noted that 

men are more predisposed to NAFLD than females taking into account visceral adiposity 

based on waist-to-hip circumference ratio [24–29]. However, a study by the NASH Clinical 

Research Network found that females have more severe stages of NAFLD [30] and our 

finding may be in part attributable to this [30]. In addition, it is possible that our finding 

results from a difference in women’s behavior in seeking medical care [30]. In addition, it 

has been consistently shown that men regularly consume more alcohol than women and are 

more likely to drink excessively [31], and that the likelihood of developing ALD is based 

on both the duration and amount of heavy drinking [32] which may have been an important 

factor in keeping ALD in the higher position as a cause of LT in men.

The fact that a high prevalence of NASH in the Hispanic population has led to increasing 

rates of LT waitlist registration is not surprising but poses a substantial healthcare challenge 

given that between 2000 and 2010 Hispanics accounted for approximately 50% of U.S. 

population growth [33]. Prior studies have reported an increased prevalence of NAFLD in 

the Hispanic population and noted some gender differences as well [18, 34, 35]. NAFLD is 

more common in Hispanics than in other ethnic groups, probably due to the high prevalence 

of the associated metabolic abnormalities in this population, as well as possible genetic 

differences such as PNPLA3 [36, 37]. While metabolic syndrome is often higher in the 

African American population, our study highlighted a lower frequency of NASH as an 

indication for transplant when compared to other ethnic groups. The paradoxical lower 

frequency of NASH in the African American population despite rates of obesity and insulin 

resistance similar to or greater than those in Hispanic patients has been noted in prior 

studies, with this ethnic difference attributed to genetic or environmental factors [18, 35, 

37, 38]. However, NASH is increasing as a cause of waitlist registration and LT in African 

American females. This is not surprising since our recent epidemiological study showed that 

although African Americans have a lower overall risk of NAFLD compared to other ethnic 

groups, it is a significant cause of chronic liver disease and cirrhosis in this ethnic group 

[34].

The increase in HCC due to NASH has been previously reported [39, 40], supporting 

our finding that this is significantly on the rise as a cause for waitlist registration for LT. 

Previous reports projected that HCC due to HCV would not peak until 2025 to 2030 [41, 

42]. One of these studies took into consideration the implementation of the DAAs [41]. 

Recent UNOS data showed that HCC due to HCV as a cause of LT had not decreased in the 

post-DAA era as of 2015 [3]. In contradiction, we report for the first time a decline in HCC 

due to HCV as a cause for waitlist registration and LT indication from 2015 to 2016. This 

could be due to the fact that DAAs decreased the incidence of HCC [43]. It is also plausible 

that DAAs reduced the rate of hepatic decompensation allowing HCC due to HCV to be 

managed through other treatments such as resection. Further studies are needed to explore 

this important finding.
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Our study highlights the burden of ALD, NASH and HCV as etiologies of LT. This is not 

surprising as these etiologies are of significance in the general U.S. population. The Centers 

for Disease Control and Prevention (CDC) estimates chronic hepatitis C to affect 2.7–3.9 

million people in the U.S. In 2015, the CDC estimated that there were 21,028 alcoholic liver 

disease deaths, accounting for a rate of 6.5 per 100,000 population [44]. It is estimated that 

10–15% of alcoholics will develop cirrhosis. Based on a recent meta-analysis by Younossi 

and colleagues, the prevalence of NAFLD in North America is estimated as 24.13%. We 

have shown that NAFLD is the most common cause of cirrhosis in the multiethnic cohort 

from California and Hawaii [7, 45].

There are several limitations to our study. First, given that the data was obtained from 

the UNOS registry, errors in miscoding or entering diagnoses may have occurred since 

the classification of NASH or any other etiology as the indication for waitlist registration/

transplant does not require confirmation [5]. The observed increase in frequency of NASH 

as an indication for LT was possibly influenced by ascertainment bias in the setting of 

increased awareness of NASH as well as the ability to accurately document NASH in 

the UNOS database starting in 2001 [5, 46, 47]. Although our inclusion of cryptogenic 

cirrhosis patients with a BMI > 30 kg/m2 in the NASH category is consistent with previously 

published studies, a potential limitation of our analysis is that several of these patients likely 

had ascites in the setting of chronic liver disease and their dry weight after paracentesis or 

diuresis was not accounted for [5, 46, 47]. However, our overall findings did not change 

when we performed a separate analysis excluding cryptogenic cirrhosis patients with a 

BMI ≥ 30 kg/m2 from the NASH category. Another limitation is that fatty liver may occur 

concomitantly with other liver diseases such as HCV in those with obesity and/or metabolic 

syndrome [48]. Since NAFLD/NASH are currently diagnoses of exclusion, neither the 

UNOS database nor our current study account for this important phenomenon. Despite 

these limitations, our study highlights key trends that reflect the dynamic epidemiology 

of waitlisted and transplanted patients in the U.S. Awareness of the gender and ethnic 

differences could allow us to tailor diagnostic and interventional measures that target 

specific populations susceptible to particular liver diseases. Our study is the most recent to 

assess these differences and the most detailed analysis since DAAs for treatment of chronic 

hepatitis C were implemented. Most importantly, this is the first study to show that NASH is 

the leading cause of LT in women. It also shows the significant risk of HCC due to NASH, 

especially in women, and the decline in HCC due to HCV.

CONCLUSION

In summary, with the advent of DAAs, the burden of chronic HCV has decreased [3, 4], 

while over the course of the last decade, NASH has risen to be the second leading etiology 

of chronic liver disease among new LT registrants in the U.S [4–7]. This combination of 

events has resulted in substantial changes in the etiologies underlying LT waitlisting and 

transplant. Importantly, we report here that HCC due to HCV decreased as an etiology 

for LT for the first time between 2015 and 2016. NASH is currently the second leading 

indication overall and, in females, the leading indication for waitlist registration/liver 

transplantation in the U.S. Hispanic, white and Asian females are more likely to have NASH 

as the leading indication of waitlist registration and LT. Current studies have displayed that 
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NASH patients are less likely to receive LT compared to other disease indications [5]. Based 

on our study, given the rate of increase in NASH as the primary indication for LT, NASH 

will likely rise to become the leading indication for LT in males as well. Further studies are 

needed to develop new therapeutic approaches for the prevention and treatment of NASH as 

it continues to rise across all subpopulations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

• Nonalcoholic steatohepatitis followed hepatitis C and alcoholic liver disease 

as liver transplant causes in 2015.

• With the use of direct-acting antivirals hepatitis C has decreased as a liver 

transplant indication.

• Hepatocellular carcinoma due to HCV had not decreased as a liver transplant 

cause by 2015.

WHAT IS NEW HERE

• NASH is now the leading cause of liver transplant in women across various 

ethnic groups.

• Hepatocellular carcinoma due to NASH has increased dramatically, especially 

in Hispanic women.

• Hepatocellular carcinoma due to HCV decreased as a liver transplant 

indication between 2015 and 2016.
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Fig. 1. 
Number of new waitlist registrants by disease category and gender. Left side shows number 

of new waitlist registrants by disease category in males while the right side shows this 

number in females. HCV hepatitis C virus, ALD alcoholic liver disease, NASH nonalcoholic 

steatohepatitis, HCC hepatocellular carcinoma
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Fig. 2. 
Number of new waitlist registrants by disease category and ethnicity by gender over time. 

Left side shows number of new waitlist registrants by disease category and ethnicity in 

males while the right side shows new waitlist registrants by disease category and ethnicity 

in females. HCV hepatitis C virus, ALD alcoholic liver disease, NASH nonalcoholic 

steatohepatitis, HCC hepatocellular carcinoma
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Fig. 3. 
Number of liver transplants by indication and gender. Left side shows number of liver 

transplants by disease category in males while the right side shows this number in females. 

HCV hepatitis C virus, ALD alcoholic liver disease, NASH nonalcoholic steatohepatitis, 

HCC hepatocellular carcinoma
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Fig. 4. 
Number of liver transplants by indication and ethnicity by gender over time. Left side shows 

number of liver transplants by disease category and ethnicity in males while the right side 

shows the number of liver transplants by disease category and ethnicity in females. HCV 

hepatitis C virus, ALD alcoholic liver disease, NASH nonalcoholic steatohepatitis, HCC 

hepatocellular carcinoma
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