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Abstract

BACKGROUND & AIMS—Non-alcoholic steatohepatitis (NASH) is an independent risk factor 

for cardiovascular disease (CVD) morbidity after liver transplantation, but its impact on CVD 

mortality is unknown. We sought to assess the impact of NASH on CVD mortality after liver 

transplantation and to predict which NASH recipients are at highest risk of a CVD-related death 

following a liver transplant.

METHODS—Using the Organ Procurement and Transplantation Network database we examined 

associations between NASH and post liver transplant CVD mortality, defined as primary cause of 

death from thromboembolism, arrhythmia, heart failure, myocardial infarction, or stroke. A 

physician panel reviewed cause of death.

RESULTS—Of 48,360 liver transplants (2/2002–12/2011), 5,057 (10.5%) were performed for 

NASH cirrhosis. NASH recipients were more likely to be older, female, obese, diabetic, and have 

history of renal failure or prior CVD versus non-NASH (p<0.001 for all). Although there was no 

difference in overall all-cause mortality (log-rank p=0.96), both early (30-day) and long-term 
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CVD-specific mortality was increased among NASH recipients (Odds ratio=1.30, 95% Confidence 

interval (CI): 1.02–1.66; Hazard ratio=1.42, 95% CI: 1.07–1.41, respectively). These associations 

were no longer significant after adjustment for pre-transplant diabetes, renal impairment or CVD. 

A risk score comprising age ≥ 55, male sex, diabetes and renal impairment was developed for 

prediction of post liver transplant CVD mortality (c-statistic 0.60).

CONCLUSION—NASH recipients have an increased risk of CVD mortality after liver 

transplantation explained by a high prevalence of co-morbid cardiometabolic risk factors that in 

aggregate identify those at highest risk of post-transplant CVD mortality.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of early (30-day) mortality after liver 

transplantation (LT) in the United States[1] and has been shown to significantly impact long-

term post-transplant morbidity and mortality[2, 3]. In addition, certain underlying causes of 

liver disease, such as non-alcoholic steatohepatitis (NASH), may adversely impact cardiac 

risk due to a high prevalence of co-morbid cardiometabolic risk factors[3]. NASH is quickly 

becoming a leading cause of cirrhosis necessitating transplantation in developed countries 

and its incidence is expected to continue to rise[4]. As we enter a new era of effective 

treatment for hepatitis C virus (HCV), transplantation rates for HCV are predicted to decline 

and therefore NASH will increase in relative, as well as absolute importance[4]. Patients 

with NASH are more likely to die of cardiovascular complications than from liver-related 

death[5]. Perhaps not surprisingly, as transplantation rates for NASH cirrhosis have risen in 

the United States, CVD-related mortality after LT has also increased in parallel 

(Supplemental Figure 1).

Interest in the potential role of NASH as an independent risk factor for CVD has steadily 

increased[6–9]. The plausibility of a direct association is supported by common 

pathophysiologic pathways as well as by mechanisms of injury in NASH that could 

adversely affect various aspects of CVD. NASH is associated with impaired endothelial 

function[10], a higher prevalence of vulnerable coronary plaques[11, 12], a pro-atherogenic 

lipid profile[13], and with markers of subclinical cardiovascular disease such as increased 

carotid intima media thickness[14] and increased coronary artery calcification[15, 16]. 

NASH has also been associated with several markers of subclinical myocardial dysfunction 

with a propensity towards the development of symptomatic diastolic dysfunction[17–22]. A 

recent meta-analysis also suggests that NASH may be associated with increased 

cardiovascular events independent of several traditional CVD risk factors[9].

Existing data demonstrate that the long-term survival for NASH patients undergoing LT is 

comparable to other causes of liver disease[4, 23, 24]. However, early mortality (e.g. less 

than 1 year) is higher in NASH patients primarily due to infectious and CVD complications 

[25, 26]. Yet, it is unknown whether the presence of NASH is an independent risk factor, 

beyond its associated traditional CVD risk factors, for CVD-specific mortality post-LT. We 
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previously demonstrated that NASH is an independent risk factor for early (1-year) CVD 

morbidity after LT compared to those transplanted for alcohol-induced liver disease at two 

Chicago transplant centers[3]. However, this study was not appropriately powered to look at 

CVD-related mortality. Therefore, using a national database, in the current study we sought: 

1) To examine whether NASH cirrhosis (compared to other causes of end-stage liver 

disease) is independently associated with CVD-related mortality after LT; and 2) To develop 

a risk score to predict CVD-related mortality after LT in NASH recipients. We hypothesized 

that NASH patients would have an increased incidence of CVD mortality independent of 

traditional CVD risk factors compared to all other causes of end stage liver disease (ESLD) 

based on prior published literature. Findings from this study will further our understanding 

of post-operative CVD risk in this burgeoning indication for LT and may identify a high-risk 

sub-population that could benefit from additional pre-transplant or early post-transplant 

interventions in order to improve patient outcomes.

PATIENTS AND METHODS

Study Population

Adults (age ≥ 18 years) who underwent LT between February 1, 2002 and December 31, 

2011 were identified from the Organ Procurement Transplantation Network (OPTN) 

Standard Transplant Analysis and Research files (created on March 15, 2013, n=55,914). 

Follow up data was available through December 31, 2012. Those listed as status 1, who were 

undergoing re-transplantation, who were transplanted prior to the inception of the Model for 

End Stage Liver Disease (MELD) organ allocation system, who received simultaneous heart, 

lung, intestine or pancreas transplants or who had an unknown indication for liver 

transplantation were excluded (n= 7,443). Of the 48,360 remaining first LT recipients, 2,705 

had a primary or secondary indication for transplant listed as NASH and 2,352 had probable 

NASH, defined as a diagnosis of cryptogenic cirrhosis with at least one component of the 

metabolic syndrome (e.g. diabetes, hypertension or obesity=Body Mass Index (BMI) ≥ 30). 

Diagnoses were assigned by transplant centers without prerequisite diagnostic or 

confirmatory criteria. There were minimal clinically significant differences found between 

those with definite NASH and probable NASH, therefore the groups were pooled (see 

Supplemental Table 1). The final NASH cohort consisted of 5,057 LT recipients representing 

10.5% of all U.S. liver transplants. The Institutional Review Board of Northwestern 

University approved the study in accordance with the ethical standards outlined in the 

Declaration of Helsinki. The study met the requirements for waiver of informed consent in 

line with the United States’ Department of Health and Human Services Code of Federal 

Regulations (45 CFR 46.116(d)).

Definitions and Outcomes

Data collected and analyzed from the OPTN database included the following recipient 

factors: age, sex, race/ethnicity (Black, non-Hispanic White, Asian and Hispanic), 

socioeconomic status, BMI, history of CVD co-morbid conditions (e.g. peripheral vascular 

disease, angina, hypertension, stroke, pulmonary embolism), diabetes status, renal function, 

laboratory values at the time of transplant (creatinine, albumin, sodium, INR, alanine 

aminotransferase (ALT), bilirubin), hepatocellular carcinoma status, calculated MELD score 
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at the time of transplant, wait list time, functional capacity prior to transplant, complications 

of ESLD (ascites, encephalopathy, portal vein thrombosis, etc.), hospitalization and 

ventilator status at transplant. Donor factors included age, sex, race, BMI, cause of death, 

donor type (living, deceased, donation after cardiac death), and donor risk index. Transplant-

related variables included transplant center location and volume, region, organ allocation 

type, cold ischemia time, steroid induction, and use of a calcineurin inhibitor. Renal 

impairment was defined as an estimated glomerular filtration rate less than or equal to 60 

mL/min/1.73 m2 or need for renal replacement therapy.

Recipient cause of death was determined by a physician's review (L.V.W. and D.L.J.) of 

primary and contributory causes of death (including all free text inputs) listed in the OPTN 

database and included death from infection, graft failure, renal failure, respiratory failure, 

CVD, hemorrhage, operative and unknown causes. Any potential case with death due to 

CVD[27], defined as primary cause of death from arrhythmia, heart failure, myocardial 

infarction, primary cardiac arrest, thromboembolism, and/or stroke, was then manually 

reviewed by an independent panel of four physicians (1 hepatologist, 2 cardiologists, 1 

surgeon) who were blinded to the underlying indication for LT in order to attempt to 

adjudicate CVD case mortality. Since cardiac arrest is often a final common pathway of 

death, recipients with a primary cardiac arrest who had a secondary cause of death available 

were coded as non-CVD deaths (n=68). The primary study outcome was 30-day CVD 

mortality. This standardized time period was chosen based on prior literature describing a 

trend towards increased early mortality in NASH recipients in the perioperative period[23, 

25, 26] and for its common use as an outcomes-based quality indicator[28]. The time period 

also allows a fair assessment of transplant outcomes across centers and minimizes 

differences in variations in length of post-transplant stay from affecting the measurement. 

Since some operative factors, such as electrolyte flux, are not captured within the OPTN 

dataset and may have a differential effect on cardiac events, analyses were also categorized 

into peri-operative CVD mortality, defined as CVD mortality within the first 24 hours of 

transplant, and early postoperative CVD mortality, defined as CVD mortality occurring 

between 1 and 30 days. Secondary outcomes included all-cause and CVD-related patient 

survival. Patients were censored at time of death, date of last follow up, time of re-

transplantation or at 30 days.

Statistical Analysis

Clinical characteristics and causes of death of LT recipients from the 2002–2012 OPTN 

dataset were described using frequency counts and percentages for categorical variables and 

means ± standard deviations for continuous variables. Multivariate logistic regression 

models were used to quantify associations between the exposure, presence of NASH, and the 

primary outcome, CVD mortality within 30 days of transplantation. Covariates in the 

multivariable model were chosen a priori for clinical importance. Factors considered 

potential confounders included age, race, sex, transplant center, highest education level 

attained, pre-transplant diabetes, renal impairment and presence of at least one pre-transplant 

CVD co-morbid condition, defined as angina, hypertension, thromboembolism, peripheral 

vascular disease and/or stroke. Four models were fitted: Model 1: age, race, sex, transplant 

center, and educational level; Model 2: Model 1 + pre-transplant CVD; Model 3: Model 1 + 
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pre-transplant diabetes; Model 4: Model 1 + pre-transplant renal impairment (estimated 

glomerular filtration rate ≤ 60 mL/min/1.73 m2). No significant interactions between NASH 

and early CVD mortality were observed according to sex, age, or race. Twelve candidate 

variables with p value <0.05 on univariate analysis were entered into a Cox regression for 

cardiac death post transplant in order to identify factors independently associated with an 

increased risk of CVD mortality among NASH recipients (Supplemental Table 2). Scores 

were assigned to multivariate predictors based on model coefficients. The cohort was then 

divided into 4 risk groups: low (score=0–1), intermediate (score=2), high (score=3–4) and 

very high (score=5) risk. The performance of the logistic regression model was then 

internally validated using 1000 bootstrap re-samples. Bootstrapping is a nonparametric 

method for assigning measures of accuracy to sample estimates. Bootstrapping essentially 

re-samples (multiple times) from the study population to approximate how precise statistical 

estimates (e.g. C statistic, confidence intervals) are related to the true population of interest. 

Kaplan-Meier analysis with log-rank test assessed time to graft and patient survival. All 

analyses were performed using SAS 9.3 software (SAS institute, Cary, NC).

RESULTS

Patient Characteristics

When compared with other indications for liver transplantation, NASH patients were older 

(58.1 vs. 52.7 years), more likely to be female (43.4% vs. 31.1%) and more likely to be 

white (81.5% vs. 72.8%, p<0.001 for all, Table 1). NASH recipients had slightly higher 

calculated MELD scores (21.0 vs. 19.7) likely driven by their somewhat higher creatinine 

levels (1.76 vs. 1.53 mg/dL) and increased requirement for renal replacement therapy 

(p<0.001 for all). They were also more likely to receive a simultaneous kidney transplant 

(8.6% vs. 5.8%), have higher pre-transplant BMI and nearly two-thirds met clinical criteria 

for obesity (p<0.001 for all). Not surprisingly, compared to non-NASH patients NASH 

recipients demonstrated an increased prevalence of pre-transplant CVD manifested by a 

higher prevalence of symptomatic CVD such as angina, stroke, and peripheral vascular 

disease and substantially higher prevalence of pre-existing hypertension (35.7% vs. 17.4%, 

p<0.001) and diabetes (57.1% vs. 20.8%, p<0.001, Table 1). There were also differences in 

the prevalence of several complications of ESLD (e.g. ascites, variceal bleed) in the NASH 

compared to non-NASH group (Table 1). In terms of donor factors, NASH recipient donors 

were older and had slightly higher BMI than non-NASH (p<0.001 for both). There was no 

statistically significant difference in rates of donation after cardiac death between recipient 

groups. Importantly there were also no clinically significant differences in graft cold 

ischemia time or in choice of immunosuppressant (Table 1).

30-day Post-transplant Survival

In univariate analysis, NASH was associated with greater early all-cause mortality with 192 

(3.8%) NASH recipients dying within 30 days of transplant compared with 1021 (2.8%) 

non-NASH recipients (p<0.001). CVD-related mortality was the most common cause of 

early mortality in both groups, accounting for over 40% of deaths within 30 days. This was 

followed by infection (28%) and graft failure (12%). Compared with non-NASH patients, 

NASH recipients were more likely to have a CVD-related death within 30-days of LT (1.5% 
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vs. 1.2%, p=0.04). Cardiac arrest accounted for the majority of early CVD-related deaths 

(53.3%) in the NASH group, followed by thromboembolism (16.0%), heart failure (12.0%) 

and myocardial infarction (12.0%), Figure 1. Notably, the proportion of cardiac arrest events 

in the NASH cohort (53%) was significantly higher than that from other causes of end stage 

liver disease (44%, p<0.01). In multivariable logistic regression models adjusted for age, 

sex, race, education, transplant center and pre-transplant cardiometabolic risk factors (CVD, 

diabetes, or renal impairment) NASH was no longer independently associated with early 

CVD-related mortality (Table 2). These associations did not significantly change when the 

analysis was stratified by those CVD deaths occurring in the peri-operative period (<24 

hours) compared to the early postoperative period (1–30 days, Table 2). There were also no 

significant differences in early mortality when stratified by transplant region or center (data 

not shown).

Post-transplant Survival beyond 30 days

The median follow-up time for the study cohort was 3.2 years (interquartile range: 1.22–5.97 

years). In univariate analysis, long-term graft and overall patient survival were slightly better 

in the NASH group (71.3% vs. 68.1% and 73.9 vs. 71.7%, respectively, p<0.001 for both). 

However, in survival analysis there was no statistically significant difference in overall 

patient survival between NASH and non-NASH recipients (Supplemental Figure 2, log-rank 

p=0.739). In contrast, NASH recipients were more likely to die from a CVD-related death 

(4.5% vs. 3.4%) compared to non-NASH patients over a mean of 1.62 ± 2.29 years of follow 

up (Supplemental Figure 3, log-rank p<0.001; HR=1.42, 95% CI: 1.23–1.63, p<0.001). 

Univariate analysis demonstrated the presence of renal impairment as an important predictor 

of post-transplant CVD-related mortality (Supplemental Table 2, p<0.0001). In Kaplan-

Meier survival analysis, there was a dose response relationship between degree of renal 

impairment (as measured by GFR) and risk of CVD-related mortality after LT (Figure 2, 

log-rank p<0.0001). However, in multivariable cox regression analysis adjusted for age, sex, 

race, education, transplant center and pre-transplant cardiometabolic risk factors (CVD, 

diabetes, or renal impairment) NASH was no longer independently associated with CVD-

related mortality (HR=1.04, 95% CI:0.84–1.27; p=0.75).

Prediction of post-transplant CVD mortality in NASH recipients

In univariate analysis, 12 factors predicted CVD-related mortality among NASH recipients 

(Supplemental Table 2). In multivariate analysis with backwards stepwise selection, four 

pre-transplant factors predicted long-term CVD mortality after liver transplant for NASH: 

age ≥ 55, male sex, diabetes, and renal impairment (Supplemental Table 3). A score of 1 was 

assigned to sex, age, and diabetes, and a score of 2 to renal impairment based on model 

coefficients (Supplemental Table 3). The cohort was divided into 4 risk groups: low 

(score=0–1), intermediate (score=2), high (score=3–4) and very high (score=5) risk (Table 

3). Very high-risk recipients were twice as likely as low risk recipients to die from a CVD-

related cause (incidence rate: 13.54 vs. 6.77 per 10 person-years; p<0.001). The model 

showed moderate discrimination (c-statistic 0.60, 95% CI: 0.59–0.62 after bootstrapping). 

There was no significant interaction between transplant region and predicted risk in our 

model (p=0.56) with regard to CVD mortality.
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DISCUSSION

Despite a large body of literature demonstrating an independent association between NASH 

and CVD, using a large national patient sample it does not appear that presence of NASH is 

independently associated with CVD-related mortality after LT. However, our results do 

demonstrate that NASH patients, compared to patients transplanted for other causes of liver 

disease, have a modest, but statistically significant, higher risk of both early (≤ 30 days) and 

late (> 30 days) post-LT CVD-related mortality. This appears to be largely attributable to the 

high prevalence of co-existing cardiometabolic risk factors present in NASH candidates 

prior to transplant and represents an opportunity for improved management of this high 

cardiac risk population.

In line with what others have shown, our data demonstrate that patients transplanted for 

NASH cirrhosis have comparable long-term survival to those transplanted for other 

etiologies of end-stage liver disease[4, 23, 24, 29]. A recent meta-analysis demonstrates that 

death caused by cardiovascular complications after LT in patients with NASH is increased 

compared with patients without NASH despite similar long-term outcomes[29]. We 

speculate that similar long-term survival, despite poor early outcomes, may be related to 

competing long-term mortality risk in other causes of liver disease such as graft failure (e.g. 

hepatitis C) and malignancy (e.g. hepatocellular carcinoma). With highly effective therapy 

for HCV and a subsequent reduction in HCV recurrence post-LT, we may see a relative 

decline in long-term outcomes for NASH recipients over time. Albeldawi et al.[30] 

demonstrated that CVD risk following LT varies with etiology of liver disease, and is higher 

for NASH cirrhosis than compared to those patients transplanted for primary biliary 

cirrhosis (PBC) or primary sclerosing cholangitis (PSC). In addition, we previously 

published that NASH recipients are more likely to experience CVD complications within 1 

year of LT independent of traditional CVD risk factors[3]. In the current study NASH 

recipients have an increased risk of both early and late CVD-related mortality that appears 

attributable to a high prevalence of both modifiable and non-modifiable cardiometabolic risk 

factors. In aggregate, these results suggest the need for an individualized approach to cardiac 

assessment and risk stratification pre-transplant particularly among higher risk NASH 

candidates.

The strongest predictor of post-LT CVD mortality among NASH candidates was renal 

impairment. Chronic kidney disease is associated with a dramatic predisposition to 

cardiovascular events and death in the general population[31] and in small studies has been 

associated with increased cardiac events after LT[32]. We recently examined predictors of 

cardiac mortality in a large national sample of liver transplant recipients in the United 

States[1]. However, renal impairment did not remain a significant predictor in the final risk 

model suggesting that renal injury among NASH candidates may have more deleterious 

effects on cardiac function than in other causes of ESLD[1]. Due to the high prevalence of 

diabetes and hypertension among NASH candidates, renal dysfunction is a common co-

morbid condition. Furthermore, NASH has been shown to be an independent risk factor for 

worsening renal dysfunction after LT[33]. In addition, the frequency of simultaneous liver-

kidney transplants is increasing disproportionately among NASH patients when compared to 

other indications for liver transplantation with poorer outcomes[34]. Thus, close attention to 
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minimization of nephrotoxins both pre- and post-transplant in NASH recipients, may play a 

role in reducing excess cardiac deaths. In addition, as a result of the increasing average age 

at which patients are now being transplanted, prevalent CVD co-morbidity at the time of 

transplantation is expected to rise[35]. Older age was also a significant predictor in our risk 

model highlighting concerns about increased cardiac risk associated with the aging 

transplant recipient population.

The leading mechanism for early CVD in the NASH cohort was cardiac arrest (53%), which 

can have a variety of underlying causes that unfortunately cannot be elucidated using 

available OPTN data. However, the proportion of cardiac arrest events in the NASH cohort 

was significantly higher than that from other causes of end stage liver disease. This is in line 

with recent research demonstrating that NASH is associated with an increased risk of atrial 

fibrillation[36], autonomic dysfunction[37], and impaired diastolic function[22, 38, 39]. 

These alterations predispose patients to worse outcomes if they suffer any other type of 

complication, such as sepsis or hemorrhage, thus highlighting their importance as markers of 

future cardiovascular morbidity and mortality.

There are limitations of our analysis. First, our analysis may be subject to reporting error or 

bias inherent to any large registry database. Second, the decision to pursue pre-operative 

cardiac testing is determined by the individual transplant centers leading to several possible 

sources of bias in our data, such as restricting transplant only to those with a low prevalence 

of co-morbid cardiac conditions. However, we did not observe significant differences in 

CVD-related mortality between centers, and all models were adjusted for transplant center 

thus strengthening the generalizability of our findings. We acknowledge that the current 

analysis may also be limited due to the lack of precise measurement of pre-operative CVD 

risk variables, such as pre-operative cardiovascular testing, laboratory values, medication 

use, and recipient family history of CVD, which are not currently available within the OPTN 

database. In addition, we are unable to determine the impact of duration of renal impairment 

as well as cause of renal impairment among NASH recipients using data available within the 

OPTN database. Despite these limitations, the strength of this analysis is that we have 

rigorously evaluated the available national data and provide important characterization 

regarding risk stratification of NASH candidates for post-LT CVD mortality.

In summary, our study demonstrates that patients transplanted for NASH cirrhosis have an 

increased risk of CVD-related mortality compared to patients with other causes of end stage 

liver disease attributable to a high prevalence of pre-existing cardiometabolic risk factors in 

this population. Although NASH recipients have similar long-term outcomes compared to 

non-NASH, CVD-specific survival is lower in NASH recipients. This observation highlights 

opportunities for secondary prevention post-liver transplant in a high metabolic risk 

population. Prospective studies are needed to assess the overall healthcare burden of 

increased CVD morbidity and mortality associated with transplantation for NASH cirrhosis. 

Such studies would provide the foundation for patient-specific cardiovascular risk 

stratification and aggressive management of NASH particularly or its’ associated metabolic 

co-morbidities prior to transplant that could modify post-transplant outcomes in this rapidly 

growing patient population.
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KEY POINTS

• NASH liver transplant recipients have an increased risk of both early (≤ 

30 days) and late (> 30 days) cardiovascular disease-related mortality 

compared to non-NASH recipients.

• NASH recipients have a disproportionately high prevalence of pre-

transplant cardiometabolic risk factors that predispose to cardiovascular 

disease mortality after liver transplantation.

• Renal impairment is the strongest predictor of post-liver transplant 

cardiovascular disease mortality in NASH recipients.

• A risk score comprised of age ≥ 55, male sex, diabetes, and renal 

impairment predicts post-transplant cardiovascular disease mortality 

after liver transplantation for NASH.
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Figure 1. Underlying cause of CVD-related mortality in 75 NASH recipients who died within 30 
days of transplant
*Other = arrhythmia, ruptured aortic aneurysm, hypertensive crisis, pulmonary hypertension
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Figure 2. Long-term CVD-related survival stratified by stage of chronic kidney disease as 
measured by glomerular filtration rate
Patients were censored at time of death or date of last follow up. Kaplan-Meier survival 

analysis, Log-rank, p<0.001

GFR, glomerular filtration rate, categories were defined as:

>or= 90 (normal function) = 1

60–89 (stage 2 CKD) = 2

30–59 (stage 3 CKD) = 3

15–29 (stage 4 CKD) =4

<15 or on renal replacement therapy at time of transplant (stage V CKD) =5
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Table 3

Risk of cardiovascular disease mortality after liver transplantation for NASH

Risk Groupa Population N (%) Deaths N (%) Hazard Ratio (95% CI) P value

Low (0–1 point) 1453 (28.7) 42 (2.9) Reference

Intermediate (2 points) 1984 (39.2) 80 (4.0) 1.42 (0.98, 2.07) 0.064

High (3–4 points) 1461 (28.9) 93 (6.4) 2.36 (1.64, 3.40) <0.001

Very High (5 points) 159 (3.1) 13 (8.2) 3.34 (1.79, 6.23) <0.001

a
Each patient was classified according to how many risk factors they had pretransplant: Age ≥ 55 (1 point), male sex (1 point), diabetes (1 point), 

renal impairment (2 points), defined as estimated glomerular filtration rate (eGFR) ≤ 60 mL/min/1.73 m2 or need for renal replacement therapy

C-statistic = 0.60 (95% CI 0.59–0.62), after bootstrapping
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