
This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1002/HEP.31566
 This article is protected by copyright. All rights reserved

DR. VINAY  SUNDARAM (Orcid ID : 0000-0002-1450-7756)

DR. ASHWANI  SINGAL (Orcid ID : 0000-0003-1207-3998)

DR. ARPAN  PATEL (Orcid ID : 0000-0002-6548-4531)

DR. ROBERT JOHN WONG (Orcid ID : 0000-0002-8923-2806)

Article type      : Original

Acute on chronic liver failure from nonalcoholic fatty liver disease: a growing and aging 

cohort with rising mortality

Short Title:  NAFLD, aging, and transplant likelihood for ACLF

*Vinay Sundaram, MD MSc1 Vinay.Sundaram@cshs.org

*Rajiv Jalan, MD PhD2 R.Jalan@ucl.ac.uk

Parth Shah, MD1 Parth.Shah@cshs.org

Ashwani K. Singal, MD3 Ashwanisingal@gmail.com

Arpan A Patel, MD, PhD4 ArpanPatel@mednet.ucla.edu

Tiffany Wu, MD1 Tiffany.Wu@cshs.org

Mazen Noureddin, MD1 Mazen.Noureddin@cshs.org

^Nadim Mahmud, MD, MS, MPH, MSCE5 Nadim.Mahmud@uhps.upenn.edu

^Robert J. Wong, MD MS6, 7 Robertwong123@gmail.com

(1) Karsh Division of Gastroenterology and Hepatology and Comprehensive Transplant 

Center, Cedars-Sinai Medical Center, Los Angeles, CA, USA

(2) Liver Failure Group, Institute for Liver and Digestive Health, UCL Medical School, 

London, UK

(3) University of South Dakota Sanford School of Medicine and Avera Transplant 

Institute, Sioux Falls SD  

(4) Veterans Administration (VA) Greater Healthy System of Los Angeles and Division of 

Digestive Diseases, UCLA David Geffen School of Medicine, Los Angeles, CAA
cc

ep
te

d 
A

rt
ic

le

https://doi.org/10.1002/HEP.31566
https://doi.org/10.1002/HEP.31566
https://doi.org/10.1002/HEP.31566


This article is protected by copyright. All rights reserved

(5) Division of Gastroenterology, Hospital of the University of Pennsylvania, Philadelphia, 

PA

(6) Division of Gastroenterology and Hepatology, Veterans Affairs Palo Alto Healthcare 

System, Palo Alto, CA

(7) Division of Gastroenterology and Hepatology, Stanford University School of Medicine, 

Stanford, CA 

*Authors have contributed equally and agree to share first authorship
^Authors have agreed to share last authorship

Keywords: UNOS database; organ failure; MELD-Na score

Grant Support:  None

List of Abbreviations:
Acute on chronic liver failure (ACLF)

Alcoholic liver disease (ALD)

Hepatitis C virus (HCV)

Hepatocellular carcinoma (HCC)

Liver transplantation (LT)

Non-alcoholic steatohepatitis (NAFLD)

Model for end-stage liver disease-sodium (MELD-Na)

United Network for Organ Sharing (UNOS)

United States (US)

Corresponding Author Contact Information: A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Vinay Sundaram, MD MsC

8900 Beverly Blvd, Suite 250

Los Angeles, CA, 09948

Phone:  310-423-6000

Fax: 310-423-0849

Email: Vinay.Sundaram@cshs.org

Orcid ID: https://orcid.org/0000-0002-1450-7756

Disclosures:  
The authors have nothing to disclose regarding conflicts of interest relevant to this 

manuscript. Rajiv Jalan has research collaborations with Yaqrit and Takeda. Rajiv Jalan is 

the inventor of OPA, which has been patented by UCL and licensed to Mallinckrodt Pharma. 

He is also the founder of Yaqrit limited, a spin out company from University College London.

Writing Assistance: 
None

Author Contributions:
Study concept and design: VS, RW, RJ

Acquisition of data, analysis, and interpretation of data: VS, RW, PS, TW

Drafting of manuscript: VS, PS, RJ

Critical revision of manuscript for important intellectual content: VS, RW, RJ, MN, AS, NM, 

AP

Statistical analysis: VS, RW, NM

All authors approved the final version of the article, including the authorship list.

A
cc

ep
te

d 
A

rt
ic

le

mailto:Vinay.Sundaram@cshs.org


This article is protected by copyright. All rights reserved

Abstract

We assessed the burden of nonalcoholic fatty liver disease (NAFLD) related acute on 

chronic liver failure (ACLF) among transplant candidates in the United States (US), along 

with waitlist outcomes for this population. We analyzed the United Network for Organ 

Sharing (UNOS) registry from 2005-2017. Patients with ACLF were identified using the 

EASL-CLIF criteria and categorized into NAFLD, alcoholic liver disease (ALD), and hepatitis 

C virus (HCV) infection. We used linear regression and Chow's test to determine 

significance in trends and evaluated waitlist outcomes using Fine and Gray's competing risks 

regression and Cox proportional hazards regression. Between 2005 and 2017, waitlist 

registrants for NAFLD-ACLF rose by 331.6% from 134 to 574 candidates (p<0.001), 

representing the largest percentage increase in the study population. ALD-ACLF also 

increased by 206.3% (348 to 1,066 registrants, p<0.001), while HCV-ACLF declined by 

45.2% (p<0.001). As of 2017, the NAFLD-ACLF population consisted primarily of individuals 

age 60 or older (54.1%), and linear regression demonstrated a significant rise in the 

proportion of patients age ≥ 65 in this group (β=0.90, p=0.011). Since 2014, NAFLD-ACLF 

grade 1 was associated with a greater risk of waitlist mortality relative to ALD-ACLF 

(SHR=1.24, 95% CI 1.05-1.44) and HCV-ACLF (SHR=1.35, 95% CI 1.08-1.71), among 

patients ≥ 60 years old. Mortality was similar among the three groups for patients with ACLF 

grade 2 or 3. Conclusion: NAFLD is the fastest rising etiology of cirrhosis associated with 

ACLF among patients listed in the US. As the NAFLD population continues to grow and age, 

patients with NAFLD-ACLF will likely have the highest risk of waitlist mortality.
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Introduction

The prevalence of nonalcoholic fatty liver disease (NAFLD) has risen markedly in the 

past decade and is expected to increase by 63% in 2030, comprising 33.5% of the 

population in the United States (US).1 Whereas hepatitis C virus (HCV) was previously the 

predominant reason for liver transplantation (LT) listing, studies are now demonstrating 

alcoholic liver disease (ALD) to be the most common etiology among transplant 

candidates,2, 3 followed by NAFLD.4 Although this shift is partially attributed to direct acting 

antiviral therapy for HCV, the concurrent elevation in the prevalence of obesity and diabetes 

in the US indicates that the burden of NAFLD is genuinely rising.5, 6 In the non-transplant 

setting, NAFLD has also increased significantly as a cause of cirrhosis-related mortality, 

increasing by 15.4% between 2007-2016.7 

Though the rising prevalence of NAFLD has been demonstrated among LT 

candidates, gaps in the literature still remain. For instance, prior studies have evaluated 

etiology-based trends for transplant listing secondary to either decompensated cirrhosis or 

hepatocellular carcinoma (HCC).3, 4, 8 However, there are currently no published data 

regarding the burden of NAFLD among candidates with acute on chronic liver failure (ACLF). 

It is important to understand the epidemiology of NAFLD in relation to transplant listing for 

ACLF for several reasons. In particular, although waitlist registrations for HCV are declining, 

the concomitant rise in listings for ALD and NAFLD indicate that the donor organ supply will 

remain substantially smaller than the demand. However, patients with HCV and ALD may 

have potential advantages in regard to likelihood for LT relative to NAFLD, particularly since 

2014. Specifically, oral antiviral therapy has given the HCV-ACLF population access to an 

organ pool of HCV positive donors. Additionally, the recent willingness by centers to list 

individuals with severe alcoholic hepatitis has created a group of candidates with ALD-ACLF 

who are becoming younger9 and who present with high model for end-stage liver disease 

(MELD-Na) scores.10, 11 In contrast, patients with NAFLD have not only multiple 

comorbidities but are also aging4, leading to a greater risk for waitlist mortality.12, 13 It is thus 

feasible that patients with NAFLD-ACLF are not only increasing in proportion but have 

disproportionately poorer waitlist outcomes, relative to candidates with ACLF due to HCV or A
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ALD. 

Exploring the trends and waitlist outcome disparities between NAFLD-ACLF and 

other etiologies of ACLF will allow us to determine how significant the urgency is to halt this 

condition and whether there is a need to improve access to transplantation for this group. 

Therefore, our aims were to examine the trends in prevalence of NAFLD-ACLF among 

transplant candidates, along with waitlist outcomes in relation to patient age and time period 

of listing.
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Experimental Procedures

The study protocol was approved as exempt from review by the institutional review 

board at Cedars-Sinai Medical Center. The study and analysis of this study was performed 

consistent with STROBE (STrengthening the Reporting of OBservational studies in 

Epidemiology) guidelines.14  

Study population

From the UNOS registry, we evaluated patients age 18 or older listed for liver 

transplantation from 2005 to 2017. Patients who were listed as status-1a, who were 

retransplanted or who underwent multi-organ transplantation, aside from simultaneous liver 

and kidney transplantation, were excluded. We collected data regarding patient 

characteristics at the time of waitlist registration, as well as information regarding waitlist 

outcomes. MELD-Na score at listing was rounded to the nearest whole number and capped 

at a score of 40. Regarding etiology of liver disease, we focused our study on candidates 

who had NAFLD, ALD, or HCV, which are the three most common causes of cirrhosis in the 

United States. Patients were considered as having NAFLD as their primary etiology of 

cirrhosis if they were identified either as having NAFLD cirrhosis or cryptogenic cirrhosis with 

a concurrent diagnosis of diabetes mellitus or a body mass index (BMI) above 30 kg/m2, as 

done in previous studies.4, 15 To avoid misclassification, patients who were categorized as 

having both HCV infection and ALD were considered as having HCV, due to lack of data 

regarding alcohol use. Additionally, patients identified as having both ALD and NAFLD or 

HCV and NAFLD were classified as ALD or HCV, respectively. 

Identification of ACLF

ACLF at the time of waitlist registration was identified based on the European 

Association for the Study of the Liver-Chronic Liver Failure (EASL-CLIF) criteria of having a 

single hepatic decompensation of either ascites or hepatic encephalopathy and the 

presence of the following organ failures: single renal failure, single non-renal organ failure 

with renal dysfunction or hepatic encephalopathy, or two non-renal organ failures.16 (Table 

S1) Although bacterial infection and variceal hemorrhage are also decompensating events, A
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information regarding these conditions was unavailable in the UNOS database. Specific 

organ failures were determined according to the CLIF consortium organ failures score for 

coagulopathy, liver failure, renal dysfunction and renal failure, neurologic failure, and 

circulatory failure.16 We used mechanical ventilation as a surrogate marker for respiratory 

failure. Grade of ACLF was determined based on the number of organ failures at listing and 

transplantation. (Table S1) This methodology has been utilized in several previously 

published studies regarding LT related to ACLF.17-19 

Statistical analysis 

All statistical analyses were performed using the Stata statistical package (version 14, 

College Station, TX). Comparisons were made utilizing Chi-square testing for categorical 

variables and analysis of variance or Wilcoxon rank-sum testing to compare continuous 

variables between groups. Trends regarding the prevalence of ALD, NAFLD, and HCV 

among patients listed with ACLF were reported by calculating the percentage difference 

between years 2005 and 2017. We also calculated the annual percentage change (APC) 

across the study period, using a two point estimator based on a previously derived formula.20 

To determine whether changes in the proportion of ACLF listings occurred over time within 

each etiology of liver disease, we plotted trend lines of NAFLD, HCV, and ALD ACLF listings 

divided by the total number of NAFLD, HCV, and ALD listings per year, respectively. Given 

apparent linearity in trend lines by visual inspection, we used linear regression to estimate 

statistical significance of trends and associated beta coefficients, using a threshold p-value 

<0.05. In the case of HCV listings, however, we estimated separate regression models pre-

2014 and post-2014 given the introduction of direct acting antiviral therapy. Statistical 

differences in the divergence of trends were determined using the Chow test, which 

compares beta coefficients between regression models. We assessed for risk factors related 

to waitlist mortality using Fine and Gray's competing risks regression, where LT was the 

competing event, as well as Cox proportional hazards regression. We combined death or 

removal from the waiting list for being too sick as a single outcome for waitlist mortality. 

Variables for our models were selected a priori, with testing for the effect of interactions 

among independent variables where appropriate. Significance of interactions was evaluated A
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Results

Study population 

A total of 20,587 patients with ACLF at time of waitlist registration were studied, of 

which 4,191 (20.4%) had cirrhosis from NAFLD, 7,624 (37.0%) had ALD induced cirrhosis, 

and 8,772 (42.6%) had cirrhosis form HCV (figure S1). Table 1 describes the characteristics 

of the study population at listing. Regarding demographic features, patients with NAFLD 

were older (median age 60), and had a smaller proportion of males (48.7%) compared with 

ALD (73.0%) and HCV (72.0%). The NAFLD-ACLF group had the greatest percentage of 

Caucasian patients (75.5%), whereas those with HCV had the highest proportion of African-

Americans (17.4%). Median model for end-stage liver disease-sodium (MELD-Na) score 

was highest among those listed with ALD (32). 

In our analysis of organ failures, we observed that patients listed for ALD had the 

greatest prevalence of liver failure (45.6%), circulatory failure (10.3%), coagulation failure 

(38.6%), brain failure (20.1%) and requirement for mechanical ventilation (7.5%). However, 

candidates with NAFLD had the highest percentage of renal failure (72.0%).  Regarding 

grade of ACLF, patients listed with NAFLD had the highest percentage of ACLF-1 (59.9%), 

while those listed with ALD had the greatest prevalence of ACLF-2 (30.5%) and ACLF-3 

(20.6%).

National trends among listed patients

Between years 2005 and 2017, the total number of patients listed with ACLF 

increased significantly from 1,165 to 2,063 (β=88.3, p<0.001), indicating a rise of 77.1%, and 

an APC of 4.9%. (Figure 1a, table S2) This persisted after excluding patients with HCC. 

(Table S3) When analyzing these trends according to etiology of liver disease (table S2), we 

found that the absolute number of patients listed with NAFLD-ACLF rose significantly from 

133 to 574 candidates (β=36.1, p<0.001), yielding a 331.6% percentage increase and an 

APC of 12.9%. Patients listed with ACLF secondary to ALD also rose by 206.3% (β=62.2, 

p<0.001), with an APC of 9.8%. Although the absolute number of HCV-ACLF listings rose A
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from 2005 to 2014 (β=15.1, p=0.005), they declined significantly from 2014 to 2017 (β=-

112.8, p=0.006), amounting to an overall 45.2% decrease, with an APC of -3.9%. (Figure 

S2) 

Furthermore, as highlighted in figure 1b, when evaluating ACLF listings as a fraction 

of total listings for a particular etiology, we found that the proportion of both ALD-ACLF 

(β=0.010, p<0.001) and NAFLD-ACLF (β=0.004, p<0.001) is increasing relative to the total 

number of patients listed with ALD or NAFLD, whereas the proportion of HCV listings with 

ACLF has been constant (β=0.000, p=0.54). This demonstrates that the rising number of 

patients listed with NAFLD-ACLF is not merely reflective of the overall rising prevalence of 

NAFLD in the United States, since the proportion of ACLF listings among patients with 

NAFLD is also increasing. 

Subgroup analysis by age category

We additionally analyzed trends in the distribution of age category over time, among 

candidates with ALD and NAFLD related ACLF, given the aging of the NAFLD population21 

and the impact of increasing age on mortality.12  (Table S4). Patients were grouped as: age 

18-49, age 50-59, age 60-64, and age ≥ 65, based on previously published data 

demonstrating this categorization to accurately portray differences in waitlist mortality.12 

From years 2005-2016, the majority of listed patients with NAFLD were age 50-59, though in 

2017, the majority of patients were age 65 or older. Patients age 18-49 accounted for the 

smallest proportion of candidates. Linear regression demonstrated a significant increase in 

the proportion of ACLF listings among patients age ≥65 (β=0.90, p=0.011), from 24.1% to 

31.5%, as well as a significant reduction in the percentage of candidates age 18-49 (β=-

0.55, p=0.006) over the study period. Additionally, these trends were significantly diverging 

over time (p<0.001). (Figure 2) Patients age 60 or older comprised 55.4% of the NAFLD-

ACLF population in 2017.

Waitlist outcomes

Table 2 depicts our multivariable competing risks regression analysis regarding 

waitlist outcomes. Regarding 28-day mortality, patients with ALD (SHR=0.82, 95% CI 0.75-A
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0.89) and NAFLD (SHR=0.85, 95% CI 0.76-0.96) had lower mortality relative to those with 

HCV cirrhosis. The findings were similar for 90-day mortality among candidates with ALD 

(SHR=0.84, 95% CI 0.78-0.91) or NAFLD (SHR=0.84, 95% CI 0.77-0.92). In table S5, we 

display baseline characteristics at waitlist registration among patients with NAFLD and ALD 

associated ACLF who either died or were transplanted within 90 days from listing. 

Candidates with NAFLD-ACLF who died had the highest proportion of patients age 65 or 

older (28.9%, p<0.001), and 54.5% of the patients with NAFLD-ACLF who died were age 60 

or older.   

In tables 3 and 4, we display Cox proportional hazards regression to assess the 

probability of mortality or LT, within 90 days after listing. Given the change in waitlist 

mortality, since 2014, among the different etiologies of cirrhosis overall,3, 4 we aimed to 

determine whether outcomes have also changed during this time period, in the setting of 

ACLF. We chose Cox modeling for this analysis, in order to define factors associated 

specifically with either transplantation or non-transplant mortality. The risk of mortality on the 

waiting list since year 2014 declined for patients with ALD-ACLF (HR=0.78, 95% CI 0.70-

0.88) and HCV-ACLF (HR=0.76, 95% CI 0.67-0.85). (Table 3) Additionally, since 2014, the 

probability of LT was greater for ACLF secondary to both ALD (HR=1.08, 95% CI 1.02-1.14) 

and HCV (HR=1.09, 95% CI 1.02-1.16). (Table 4) However, for candidates with NAFLD 

cirrhosis, mortality was not lower since 2014 (HR=0.93, 95% CI 0.81-1.08), nor was the 

likelihood of undergoing LT greater (HR=1.08, 95% CI 0.99-1.17).

Considering prior data indicating that the presence of ACLF at listing appeared to 

affect waitlist mortality independently of the MELD-Na score22, 23, we performed additional 

Chi-square analysis regarding 90-day waiting list outcomes according to ACLF presence, 

baseline MELD-Na score, and disease etiology (table S6). As displayed in our supplemental 

table, ACLF development led to greater waitlist mortality independent of MELD-Na score 

across all etiologies of cirrhosis.

Interaction between etiology of ACLF, age, and time period of listing 
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In light of our findings that the NAFLD-ACLF population is aging and that the 

likelihood of receiving transplantation since 2014 has not increased, we performed additional 

analysis to assess how elderly patients with NAFLD-ACLF were impacted. First, we 

compared 1-year waitlist mortality before and after year 2014 among those with NAFLD-

ACLF, according to the four age categories. The purpose of this analysis was to obtain 

preliminary data to determine which groups to focus further analysis on. We found that 

mortality improved significantly since year 2014 for patients with NAFLD-ACLF ages 50-59 

(25.6% vs 18.5%, p=0.001) and trended towards improvement among those ages 18-49 

(21.9% vs 17.6%, p=0.072). However, mortality was similar between the two time periods for 

patients age 60-64 (26.0% vs 26.9%, p=0.732) or ≥ 65 years old (25.5 vs 28.8%, p=0.219). 

We then compared waitlist outcomes between the two eras among elderly candidates with 

ALD-ACLF and HCV-ACLF, combining all patients age ≥ 60 into one group. (Figure 3a) 

There was a significant improvement in 1-year waitlist mortality among patients 60 years or 

older with ACLF from ALD (29.5% vs 24.5%, p=0.052) and HCV-ACLF (28.8% vs 24.4%, 

p=0.021). Outcomes were similar however, among candidates with NAFLD-ACLF across the 

two time periods (25.8% vs 27.9%, p=0.252).  

Based on our preliminary data, we then investigated the interaction between etiology 

of ACLF and older age, regarding 1-year waitlist mortality. We utilized Fine and Gray's 

competing risks regression with LT as the competing event, and combined patients age 60-

64 or ≥ 65 years into one group. Adjusting for MELD-Na score, we found that from years 

2005-2013 (figure 3b, clear diamond), NAFLD-ACLF had similar likelihood of 1-year 

mortality as candidates with ALD-ACLF (SHR=0.93, 95% CI 0.78-1.09) and HCV-ACLF 

(0.95, 95% CI 0.81-1.12). However, for years 2014-2017 (figure 3b, black circle), the sub-

hazard ratio for NAFLD-ACLF increased significantly relative ALD-ACLF (SHR=1.19, 95% CI 

1.04-1.34; p=0.049) and HCV-ACLF (SHR=1.20, 95% CI 1.02-1.39; p=0.048). 

To ensure that this discrepancy in waitlist mortality was specific to NAFLD-ACLF and 

not all NAFLD patients, we did similar analysis comparing the likelihood of 1-year mortality 

before and after year 2014 among patients with NAFLD without ACLF to candidates with A
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ALD or HCV, also without ACLF. The population consisted of 14,669 NAFLD patients 

without ACLF, who had a mean MELD-Na score of 16.5 and of whom 16.8% had HCC. 

Patients with NAFLD and age ≥ 60 listed prior to year 2014 had similar waitlist mortality as 

those with HCV (SHR=0.94, 95% CI 0.79-1.12) and ALD (SHR=1.02, 95% CI 0.84-1.25). 

The relative mortality risk did not change since year 2014 compared to candidates with HCV 

(SHR=0.97, 95% CI 0.86-1.07) or ALD (SHR=1.09, 95% CI 0.97-1.25). This indicates that 

the increase in waitlist mortality since 2014 is unique to patients with ACLF due to NAFLD. 

We performed further analysis regarding differences in relative mortality according to 

grade of ACLF, while adjusting for MELD-Na score (table S7). We found that among elderly 

candidates with NAFLD cirrhosis listed with ACLF grade 1, there was a similar risk of waitlist 

mortality from years 2005-2013 when compared to those with ALD (SHR=0.81, 95% CI 0.65-

1.10) or HCV (SHR=0.82, 95%). However, from years 2014-2017, NAFLD-ACLF yielded a 

greater association with 1-year waiting list mortality compared to ALD-ACLF (SHR=1.24, 

95% CI 1.05-1.44) and HCV-ACLF (SHR=1.35, 95% CI 1.08-1.71). For ACLF grades 2 and 

3, though, risk of death on the waiting list was similar between NAFLD-ACLF, ALD-ACLF, 

and HCV-ACLF in both time periods.

Finally, we evaluated whether our observations regarding the differences in mortality 

for NAFLD-ACLF grade 1 relative to other etiologies since 2014 was due to greater mortality 

for NAFLD or lower mortality in patients with HCV and ALD. Subsequently, we used 

competing risks regression to compare 1-year mortality risk before and after 2014 within the 

three groups, restricted to ACLF grade 1. In the NAFLD-ACLF cohort, mortality risk was 

significantly greater (SHR=1.31, 95% CI 1.06-1.62) since year 2014. For candidates with 

ALD-ACLF, mortality risk was similar between the two time periods (SHR=0.85, 95% CI 

0.66-1.07), while for HCV-ACLF, mortality risk improved (SHR=0.80, 95% CI 0.64-0.96). 

Additionally, risk of death on the waiting list was also similar for NAFLD patients without 

ACLF, before and after year 2014 (SHR=1.10, 95% CI 0.98-1.24). 

Sensitivity analysis 
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Given the rise in CKD among patients listed for transplantation, particularly among 

patients with NAFLD who are at high risk for this condition24, it is possible that certain 

candidates with NAFLD cirrhosis identified as having ACLF may have been misclassified. 

Therefore, we performed a sensitivity analysis by removing patients who had presumed 

chronic kidney disease (CKD), which we defined as a creatinine of ≥ 1.5 or requirement of 

hemodialysis at waitlist registration, in combination with trace or no ascites. Subsequently, 

patients included in this component of the study were required to have a diagnosis of large 

ascites at waitlist registration to qualify as having renal failure. We chose this definition 

because the CLIF-SOFA organ failure scoring systems requires the presence of ascites to 

establish a diagnosis of renal failure.25 Additionally, this definition does not require 

longitudinal data and therefore can be tested in the entire study population. 

After removal of 1,396 patients with presumed CKD, we evaluated trends for 2,795 

patients with NAFLD cirrhosis listed with ACLF. The characteristics of these patients are 

outlined in table S8. Regarding national trends of patients listed with ACLF according to 

etiology of cirrhosis (table S9), we still found a substantial rise in the number of waitlist 

registrations for NAFLD, including an APC of 13.6% and a 325.8% increase between 2005 

and 2017. Additionally, regarding age trends we found the NAFLD population listed with 

ACLF to consist primarily of patients age 65 or older, comprising 31.7% of the cohort in 

2017. (Table S10) In table S11, we display our Cox proportional hazards regression for the 

outcome of death or LT within 90 days of listing, which indicated been no change in the 

likelihood of either outcome since 2014. Finally, after testing for interactions between age 

and etiology of ACLF, we found that prior to 2014, patients with NAFLD-ACLF had similar 

waitlist mortality to those with HCV or ALD related ACLF. However, after 2014, NAFLD-

ACLF was associated with 1-year mortality relative to ALD-ACLF (SHR=1.19, 95% CI 1.04-

1.33) and HCV-ACLF (1.18, 95% CI 1.02-1.31).

Post-transplant survival

In figure S3, we display 1-year post-LT survival probabilities among the three patient 

groups. Patients with NAFLD-ACLF had the lowest survival probability at 1 year of 88.3%, A
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while recipients with ALD-ACLF had the greatest 1-year survival probability of  92.4%% 

(p=0.002).
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Discussion

Our study of the UNOS database is the first to illustrate the substantial increase in the 

proportion of transplant candidates with ACLF associated with NAFLD. We demonstrate this 

rise by showing that NAFLD cirrhosis yields both the largest percentage rise since 2005 

among candidates with ACLF, as well as the greatest annual percentage change across the 

study period. More importantly, we show that over time the prevalence of ACLF is increasing 

among patients listed with NAFLD, indicating that the growing burden of NAFLD-ACLF found 

in our investigation cannot be alone explained by the increase in overall listings for NAFLD. 

Additionally, our findings reveal that since year 2014, the waitlist outcomes for patients with 

HCV or ALD related ACLF have improved, but for NAFLD-ACLF outcomes remain 

unchanged. Additional analysis showed that patients age 60 or older, who currently 

comprise more than 50% of the NAFLD-ACLF group, are particularly disadvantaged, with a 

nearly 20% increased risk of waiting list death relative to elderly candidates with ALD-ACLF 

and HCV-ACLF. Furthermore, this observed change in relative mortality risk since 2014 was 

unique to NAFLD-ACLF and was not found in NAFLD patients without ACLF.

The escalating burden of ACLF related to NAFLD is a particularly novel finding, since 

ACLF has previously been associated primarily with ALD, particularly in the US and 

Europe.16, 26-28 In the CANONIC study, alcoholic cirrhosis accounted for 60% of the study 

population with ACLF, and alcohol intake was the second most common precipitant of 

ACLF.16 In the US, two studies using the Veterans Administration database corroborated 

ALD to be the predominant etiology of cirrhosis among those with ACLF, with NAFLD 

comprising approximately 18% of the cohort.26, 27 Thus ACLF related to ALD has been well 

characterized. The current study also demonstrated ALD to comprise the greatest proportion 

of ACLF patients, with the steepest rise in registrations occurring between 2014 and 2017. 

Although this finding may reflect a larger burden of ALD during this time period,9 it also likely 

corresponds to a greater tendency to list patients with alcoholic hepatitis (AH),11, 29 a 

condition which often presents with ACLF.30 By comparison, the increase in listings of ACLF 

related to NAFLD seems to reflect an actual rise in the prevalence of this syndrome among A
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the NAFLD population. 

Considering this finding, additional research is warranted to characterize predictors 

and precipitants of ACLF in the NAFLD population, as well as the time course of disease 

progression from decompensated cirrhosis to ACLF. Further investigation of this nature 

would allow the clinician to risk stratify patients with cirrhosis from NAFLD and to understand 

which risk factors or precipitants should be avoided, if possible. One potential risk factor may 

be obesity. In a prior study utilizing two large registries, obesity was found to be an 

independent predictor for ACLF development, among all etiologies of cirrhosis.17 However, 

although the previous study noted obesity to be a risk for ACLF development, the current 

study instead suggests that there is a greater mortality risk in certain patients with NAFLD 

related ACLF. Additionally, as opposed to ALD, no inherent precipitant for ACLF has been 

established among individuals with NAFLD cirrhosis.  However, prior literature from 

multicenter31 and registry data32 has shown obesity to be associated with acquisition of 

bacterial infections, suggesting that bacterial infection may be the primary precipitant of 

NAFLD-ACLF. We suggest further investigation to confirm this and to determine the most 

common bacterial species and infection sites in this group.

In our analysis of waitlist outcomes, our primary finding was that since 2014, the risk 

of mortality among elderly NAFLD patients with ACLF grade 1 has worsened since 2014. 

Furthermore, elderly patients with NAFLD-ACLF have significantly greater waitlist mortality 

risk compared to older candidates with HCV or ALD related ACLF, particularly ACLF grade 

1. We are unable to determine the specific reasons for this finding given the limitations of the 

database. One possibility may be related to the presence of metabolic syndrome 

complications which are common in the NAFLD-ACLF population, such as diabetes, obesity, 

and coronary disease. It is notable, though, that for the NAFLD population without ACLF, 

outcomes have not changed over time despite the likelihood that they would have a similar 

prevalence of these comorbidities. Therefore, we suspect that there are additional factors to 

explain this result. First, is that the burden of elderly patients listed with NAFLD-ACLF is 

rising across several parameters, including in the proportion of NAFLD cirrhosis patients 

listed for LT and the increasing age of this population. Subsequently, over time the supply of A
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organs is likely not meeting the growing demand for this particular population, especially as 

these patients are less likely to have access to extended criteria33 or HCV infected organs.34 

Additionally, ACLF grade 1 patients typically have lower MELD-Na scores compared to 

those with higher grades and thus need to remain on the waiting list until further clinical 

deterioration to become competitive for an organ offer. Therefore, it is feasible that a 

combination of worsening liver function, along with medical co-morbidities and increasing 

age while awaiting a suitable organ may ultimately lead to the clinician considering the 

patient to be “too sick to transplant.” Further research regarding the reasons for death or 

removal of elderly NAFLD patients with ACLF is necessary to confirm our beliefs.

Still, these findings suggest that as the NAFLD-ACLF population increases in 

prevalence and age, waitlist mortality will continue to worsen, unless there is a concurrent 

rise in the donor organ supply. As an increase in donor organs, however, is not foreseeable, 

we believe it is imperative to take steps decelerate this epidemic. We do not believe the 

findings from our study justify additional priority for LT among patients with NAFLD-ACLF, 

particularly as the disparities in outcomes since 2014 are occurring in a cohort specifically of 

elderly patients with grade 1 ACLF. Rather, our recommendations are focused on the 

prevention of ACLF in this population. Regarding management of the patient with 

compensated NAFLD cirrhosis, we suggest aggressive therapy beyond counseling for 

weight loss, given the highly elevated risk of developing a decompensating event.35 There 

are several ways to approach this. First is referral for bariatric surgery, if otherwise 

appropriate, to halt fibrosis progression and potentially cause fibrosis regression.36 Secondly 

is enrollment in clinical trials, particularly for medications that improve fibrosis or reduce 

portal hypertension.37 Finally, in the event that a clinical trial is unavailable, treatment with 

currently available medications that reduce hepatic decompensation risk such as statins,38 

beta-blockers,39 or vitamin E40 may be considered.

Once decompensation has occurred, we suggest additional approaches to increase 

the likelihood for transplantation in these patients. Prior to the development of ACLF, 

patients with decompensated NAFLD cirrhosis may benefit from early access to LT through 

use of living donor transplantation or acceptance of high-risk organs. Furthermore, A
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increasing the utilization of HCV positive livers would benefit this population, particularly 

given the excellent post-LT outcomes, which have been recently reported in HCV negative 

recipients.41 Finally, more judicious selection of patients with NAFLD induced cirrhosis 

should be considered,42 though it is notable that our study demonstrates an approximately 

88% 1-year survival probability for NAFLD-ACLF, consistent with prior findings regarding 

both short and long-term post-LT survival across all ACLF grades18, 43. If no further options 

remain to improve a patient’s medical eligibility or likelihood for receiving transplantation, 

earlier discussions that frame prognosis and address goals of care are needed for this 

population.

The UNOS registry has certain strengths for this investigation, particularly the 

availability of a large sample size of patients with ACLF over a number of years, to allow us 

to study trends data. However, limitations that are inherent in retrospective studies analyzing 

a large public database also exist in our study, primarily related to the potential for 

misclassification, particularly concerning the lack of data regarding bacterial infection or 

variceal bleed, as well as using mechanical ventilation as an indicator for respiratory failure. 

Although we cannot overcome this limitation, it should be noted that several key findings of 

our previously published manuscripts17, 18 have been subsequently corroborated in separate 

studies using granular patient data,27, 44 thus indicating the accuracy of our methodology to 

identify ACLF. Additionally, renal failure was the most prevalent organ system failure among 

candidates with NAFLD and there is a possibility that certain patients may have been 

misclassified as having ACLF in the setting of chronic kidney disease. However, our 

sensitivity analysis addresses this concern. Thirdly, we only determined the prevalence of 

NAFLD-ACLF at listing and are unable to incorporate patients who developed ACLF after 

waitlist registration. However, we do not believe this affects our conclusions for two reasons. 

First, by not accounting for patients who developed ACLF after listing, our prevalence 

estimates are actually underestimating the burden of this condition. Secondly, we have full 

reason to expect that a candidate with NAFLD who developed ACLF after listing would still 

face greater waitlist relative to ALD and HCV. Finally, although the current study was 

restricted to the US, the increasing burden of NAFLD internationally and the changes in A
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transplant practice related to HCV and ALD that have occurred worldwide makes the data in 

this study highly relevant to the transplant field globally.15 

In conclusion, NAFLD-ACLF represents the fastest growing etiology of ACLF in the 

US. The majority of patients in this group are elderly, and trends indicate that aging will 

continue. Since 2014, waitlist mortality has worsened for elderly patients with NAFLD-ACLF, 

relative to other etiologies of ACLF. As the NAFLD population continues to increase and 

age, patients with NAFLD-ACLF will likely have the highest risk of waitlist mortality. These 

findings highlight the need to better characterize risk factors and precipitants of ALCF in 

patients with NAFLD, take measures to slow disease progression in those with compensated 

NAFLD cirrhosis, and improve transplantation access for candidates with NAFLD-ACLF. 
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Figure legends

Figure 1a.  Number of ACLF patients listed for liver transplantation by etiology 

Figure 1b.  Proportion of patients with ACLF listed for liver transplantation within etiology

Figure 2. Divergence in NAFLD ACLF listings by age category (age 18-49 versus age≥65)

Figure 3a. Comparison of mortality between patients listed before and after year 2014, according to age 
category and liver disease etiology

Figure 3b. Adjusted sub-hazard ratios comparing 1-year waitlist mortality before and after year 2014, 
among patients with NAFLD-ACLF and age ≥ 60 years relative to other etiologies*
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Table 1.  Characteristics of patients with ACLF at waitlist registration, according to etiology of 

liver disease 

 

 

NASH 

(n=4,191) 

ALD 

(n=7,634) 

HCV 

(n=8,772) p-value 

Age (median, IQR) 60 (53 - 65) 53 (46 - 59) 55 (46 - 60) < 0.001 

Male, n (%) 2,043 (48.7%) 5,566 (73.0%) 6,319 (72.0%) < 0.001 

Race/Ethnicity, n (%)    < 0.001 

Caucasian 3,164 (75.5%) 5,708 (74.8%) 5,409 (61.6%)  

African-American 170 (4.1%) 380 (4.9%) 1,523 (17.4%)  

Hispanic 701 (16.7%) 1,288 (16.9%) 1,525 (17.4%)  

Asian 92 (2.2%) 118 (1.6%) 199 (2.3%)  

HCC, n (%) 78 (1.9) 107 (1.4) 402 (4.6) <0.001 

Ascites, n (%)    <0.001 

    Slight 1,859 (44.3%) 3,224 (42.3%) 3,975 (45.3%)  

    Moderate 2,170 (51.8%) 4,180 (54.8%) 4,491 (51.2%)  

Hepatic Encephalopathy, n (%)    <0.001 

    Slight (Grade 1-2) 2,642 (66.5%) 5,148 (67.5%) 5,789 (65.9%)  

    Moderate (Grade 3-4) 726 (17.3%) 1,535 (20.1%) 1,678 (19.1%)  

MELD-Na score (median, IQR) 31 (26-35) 32 (28-37) 31 (25-36) < 0.001 

MELD score (median, IQR) 28 (23-35) 30 (25-36) 29 (23-35)  

Creatinine (median, IQR) 1.3 (1.0 - 2.4) 1.2 (1.0 - 2.5) 1.1 (1.0 - 2.1) < 0.001 

Bilirubin (median, IQR) 2.8 (1.5 - 6.4) 3.9 (1.9 - 11.4) 2.7 (1.5 - 6.9) < 0.001 

INR (median, IQR) 1.5 (1.3 - 2.0) 1.6 (1.3 - 2.3) 1.5 (1.3 - 2.0) < 0.001 

Albumin (median, IQR) 3.0 (2.5 - 3.6) 3.1 (2.6 - 3.5) 2.9 (2.5 - 3.4) 0.002 

Sodium (median, IQR) 136 (133 - 139) 136 (132 - 138) 136 (132 - 139) 0.115 

Dialysis, n (%) 1,183 (28.2%)  2,154 (28.3%) 2,387 (27.2%)  0.014 

Diabetes, n (%) 2,330 (56.0%) 1,473 (19.6%) 2,574 (29.7%) < 0.001 

Body mass index (median, IQR) 32.9 (25.5-37.1) 27.8 (24.4-32.3) 27. (24.3-31.9)  

Organ Failures, n (%)     

    Liver failure 1,364 (32.5%) 3,484 (45.6%) 3,366 (38.4%) < 0.001 

    Mechanical ventilation 246 (5.9%) 570 (7.5%) 641 (7.3%) 0.003 

    Circulatory failure 350 (8.4%) 783 (10.3%) 825 (9.4%) 0.009 

    Coagulation failure 1,164 (27.8%) 2,944 (38.6%) 3,065 (34.9%) < 0.001 

    Renal failure 3,019 (72.0%) 4,748 (62.2%) 5,929 (67.6%) < 0.001 

    Brain failure 726  (17.3%) 1,535 (20.1%) 1,678 (19.1%) 0.001 

ACLF Grade, n (%)     

    ACLF-1 2,513 (59.9%) 3,705 (48.5%) 4,824 (54.9%) < 0.001 A
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    ACLF-2 1,040 (24.8%) 2,326 (30.5%) 2,188 (24.9%) < 0.001 

    ACLF-3 628 (15.0%) 1,576 (20.6%) 1,746 (19.9%) < 0.001 
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Table 2. Multivariable competing risks regression analysis regarding 28-day and 90-day waitlist mortality, 

among patients listed with ACLF 

 

Variable Reference 28-day waitlist 

mortality 

90-day waitlist 

mortality 

 HCV   

ALD  0.82 (0.75-0.89) 0.84 (0.78-0.91) 

NASH  0.85 (0.76-0.96) 0.84 (0.77-0.92) 

MELD-Na score  1.12 (1.11-1.13) 1.08 (1.08-1.09) 

Age category Age 18-49   

     Age 50-59  1.39 (1.26-1.54) 1.35 (1.24-1.47) 

     Age 60-64  1.49 (1.32-1.69) 1.49 (1.34-1.65) 

     Age >=65  1.87 (1.63-2.12) 1.91 (1.71-2.14) 

Male  Female 0.84 (0.77-0.91) 0.89 (0.79-1.01) 

Race/ethnicity White   

     Black  0.91 (0.80-1.04) 1.15 (0.91 -1.44) 

     Hispanic  0.98 (0.89-1.09) 1.21 (1.05 -1.40) 
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Table 3. Multivariable Cox proportional hazards regression for probability of 90-day waitlist mortality 

among patients with ACLF at time of waitlist registration, according to etiology of liver disease 

 

Variable Reference NASH ALD HCV 

Years 2014-2017 Years 2005-2013 0.93 (0.81-1.08) 0.78 (0.70-0.88) 0.76 (0.67-0.85) 

MELD-Na score  1.18 (1.17-1.20) 1.04 (1.03-1.05) 1.19 (1.18-1.20) 

Age category Age 18-49    

     Age 50-59  1.52 (1.20-1.92) 1.39 (1.21-1.58) 1.25 (1.09-1.43) 

     Age 60-64  1.61 (1.16-2.05) 1.80 (1.53-2.14) 1.39 (1.18-1.64) 

     Age >=65  1.90 (1.49-2.42) 2.33 (1.95-2.79) 1.96 (1.61-2.38) 

Male  Female 0.89 (0.77-1.03) 0.89 (0.79-1.01) 0.85 (0.76-0.95) 

Race/ethnicity White    

     Black  0.72 (0.48-1.08) 1.15 (0.91 -1.44) 0.85 (0.76 -0.96) 

     Hispanic  0.75 (0.61-0.91) 1.21 (1.05 -1.40) 0.87 (0.76 -1.00) 
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Table 4. Multivariable Cox proportional hazards regression for probability if LT within 90 days among 

patients with ACLF at time of waitlist registration, according to etiology of liver disease 

 

Variable Reference NASH ALD HCV 

Years 2014-2017 Years 2005-2013 1.08 (0.99-1.17) 1.08 (1.02-1.14) 1.09 (1.02-1.16) 

MELD-Na score  1.13 (1.12-1.14) 1.13 (1.12-1.14) 1.13 (1.12-1.14) 

Age category Age 18-49    

     Age 50-59  1.09 (0.96 -1.23) 0.92 (0.87-1.00) 1.01 (0.93-1.08) 

     Age 60-64  0.95 (0.83-1.09) 0.96 (0.87-1.05) 0.98 (0.89-1.08) 

     Age >=65  1.05 (0.92-1.20) 0.91 (0.82-1.02) 0.87 (0.76-0.99) 

Male  Female 1.12 (1.03-1.22) 1.11 (1.05-1.19) 1.12 (1.05-1.19) 

Race/ethnicity White    

     Black  1.03 (0.84-1.27) 0.87 (0.76-0.99) 1.00 (0.93-1.09) 

     Hispanic  0.79 (0.69-0.88) 0.85 (0.79-093) 0.88 (0.81-0.96) 
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