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Abstract

Background/Aim—Patients with cirrhosis have poor outcomes once decompensation occurs; 

however, we lack adequate predictors of decompensation. To use a national claim database to 

compare the predictive accuracy of seven models for decompensation and hospitalization in 

patients with compensated cirrhosis.

Methods—We defined decompensation as ascites, hepatic encephalopathy, hepato-renal 

syndrome, and variceal bleeding. Patients without decompensation at the time of cirrhosis 

diagnosis were enrolled from 2001 to 2015. Patients with hepatitis B and/or C were grouped 

as viral cirrhosis. We compared the predictive accuracy of models with the AUC (area under the 

curve) and c-statistic. The cumulative incidence of decompensation and incidence risk ratios of 

hospitalization were calculated with the Fine–Gray competing risk and negative binomial models, 

respectively.

Results—A total of 3722 unique patients were enrolled with a mean follow-up time of 524 

days. The mean age was 59 (standard deviation 12), and the majority were male (55%) and white 

(65%). Fifty-three percent of patients had non-viral cirrhosis. Sixteen and 20 percent of patients 

with non-viral and viral cirrhosis, respectively, developed decompensation (P = 0.589). The FIB-4 

model had the highest 3-year AUC (0.73) and overall c-statistic (0.692) in patients with non-viral 

cirrhosis. The ALBI-FIB-4 model had the best 1-year (AUC = 0.741), 3-year (AUC = 0.754), and 

overall predictive accuracy (c-statistic = 0.681) in patients with viral cirrhosis. The MELD score 

had the best predictive power for hospitalization in both non-viral and viral patients.
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Conclusions—FIB-4-based models provide more accurate prediction for decompensation, and 

the MELD model has the best predictive ability of hospitalization.
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Alcohol; Ascites; Decompensation; Hepatic encephalopathy; Nonalcoholic fatty liver disease 
(NAFLD)

Introduction

The prognosis of patients with cirrhosis is mainly determined by the control of underlying 

liver disease and the development of decompensation (such as ascites and hepatic 

encephalopathy) [1]. Without decompensation, patients with cirrhosis can have a favorable 

prognosis and preserved quality of life while decompensation carries a substantial symptom 

burden, increased healthcare utilization, and mortality [2]. Clinicians can provide prognostic 

information for patients with decompensated cirrhosis using the Child–Turcotte–Pugh (CTP) 

score and model for end-stage liver disease (MELD). However, these indices poorly 

discriminate survival when the patient is compensated and give little information on the 

risk of decompensation [3]. Accurate risk stratification tools for patients with compensated 

disease remain an unmet need.

Emerging evidence suggests that prognosis can be informed by noninvasive scoring systems 

developed to discriminate the presence of advanced fibrosis in patients with chronic liver 

disease. Recently, the albumin–bilirubin (ALBI) and fibrosis-4 (FIB-4) scores have been 

combined in an international validation study and accurately identified patients at risk 

for decompensation [4]. However, this study has notable limitations including a small 

sample size, failure to account for the competing risk of death before decompensation, 

and inclusion of few patients with nonalcoholic fatty liver disease (NAFLD), which is 

increasingly prevalent in Western populations with cirrhosis. Finally, an additional measure 

to validate the clinical utility of a risk score for decompensation is its association with the 

patient’s future burden of hospitalizations [5–7].

We aimed to investigate the short- and long-term prognostic accuracy of several 

noninvasive models of liver disease severity for predicting decompensation and burden of 

hospitalization in a large, nationally representative cohort of commercially insured patients 

with compensated cirrhosis.

Patients and Methods

Data Sources

Patient data were obtained from the Clinformatics Data Mart (Optum), which contains 

comprehensive health claims submitted for payment including medical service, pharmacy, 

laboratory, facility, hospitalization, procedures, and de-identified demographics of patient 

population across the USA. The Optum system has collected healthcare data from more than 

100 million customers and 80 percent of hospitals in the USA (https://www.optum.com/

content/dam/optum/resources/productSheets/Clinformatics_for_Data_Mart.pdf). The Optum 
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database had been used extensively for clinical research by multiple independent research 

groups [8].

Patients

Patients with two claims of International Classification of Disease (ICD) 9th edition of 

cirrhosis from 2001 to 2015 were extracted from the main Optum database (ICD-9 571.2, 

571.5, 571.6, suppl. table 1). The first medical claim of cirrhosis was defined as the 

index date of enrolled patients. We excluded patients with decompensation events before 

or within 3 months of the cirrhosis diagnosis; this included claims for ascites, hepatic 

encephalopathy, hepato-renal syndrome, or variceal bleeding, or two pharmacy refill records 

for loop diuretics, spironolactone, rifaximin, or lactulose. We allowed this 3-month window 

for the clinicians and patients to complete laboratory, endoscopic, and imaging studies to 

decide if patients were compensated when the cirrhosis was diagnosed. We excluded patients 

without a medical encounter within 6 months before the index date or patients who did 

not have full laboratory records (albumin, bilirubin, creatinine, aspartate aminotransferase 

[AST], alanine aminotransferase [ALT], international normalized ratio [INR] of prothrombin 

time [PT], platelet, sodium) within 3 months of the cirrhosis diagnosis. The comparison 

between patients with and without full laboratory records (excluded by the algorithm) was 

provided in suppl. table 2. Patients who were diagnosed with hepatocellular carcinoma or 

had liver transplantation before the index date were removed. Patients who did not have 

subsequent medical claims of cirrhosis were excluded because of loss of follow-up (Fig. 1). 

Patients with interruption of insurance within 6 months before the event were removed from 

the comparison of cumulative incidence of decompensation and predictive accuracy of seven 

models.

Diagnosis and Measures

Patient demographics were extracted from the enrollment records. The race was grouped 

as white and others. Chronic medical diseases including alcoholic liver disease, alpha-1-

antitrypsin deficiency, autoimmune hepatitis, diabetes mellitus, hemochromatosis, hepatitis 

B, hepatitis C, morbid obesity, primary biliary cholangitis, primary sclerosing cholangitis, 

and Wilson’s disease were obtained by using ICD codes of claims. Patients without other 

specific liver disease codes including viral hepatitis, alcoholic liver disease, alcohol use, 

cholestatic liver disease, etc., were recorded as NAFLD (suppl. table 3) [9]. Laboratory 

results that were closest to the index date were reported and used to calculate the seven 

noninvasive scoring systems including the ALBI, ALBI-FIB-4, aspartate aminotransferase 

(AST)-to-platelet ratio index (APRI), CTP, FIB-4, Lok index, and MELD (suppl. table 

4). Enrolled patients with hepatitis B and/or hepatitis C were grouped as patients with 

viral cirrhosis. Hospitalization data were only available between 2004 and 2017; therefore, 

patients diagnosed with cirrhosis before 2004 were not included in the hospitalization 

analysis.

Outcomes

The primary outcome of this study was the decompensation of cirrhosis, defined as 

the development of ascites, hepatic encephalopathy, hepato-renal syndrome, or variceal 

bleeding after enrollment until the end of 2017. Liver transplantation and death before 
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the development of decompensation were considered competing events. We conducted 

a secondary analysis to determine which scoring system predicted days of all-cause 

hospitalization per year during the follow-up period.

Statistical Analysis

The chi-squared or Fisher’s exact test was used to analyze categorical variables, and 

the Mann–Whitney rank-sum test was used for continuous variables. The distribution of 

decompensation (event) was investigated with the Fine–Gray competing risk regression 

model, which also generated the sub-distribution hazard ratio to evaluate the overall 

increased risk of decompensation by 1-unit increment of the scoring system [10]. Predictive 

accuracy of the seven noninvasive models at 1 year and 3 years were compared by using the 

time-dependent area under a curve (AUC). The overall performance of models was evaluated 

with Uno’s c-statistics [11]. Bootstrapping with 200 unrestricted random samples was used 

for the AUC and Uno’s c-statistics. The incidence risk ratio was calculated by using the 

negative binomial model. For all tests, a P value less than 0.05 is considered statistically 

significant. All statistical analyses were conducted with SAS 9.4 (SAS Institute Inc., Cary, 

NC, USA).

Results

Patient Characteristics

The baseline demographics of study patients stratified by viral etiologies are shown in 

Table 1. Upon the time of enrollment, there were 1978 and 1744 patients with non-viral 

and viral cirrhosis, respectively. When compared to non-viral etiologies, patients with viral 

cirrhosis were younger and had a higher proportion of males and a lower proportion of 

white patients. Patients with viral cirrhosis had significantly lower albumin and platelet, but 

higher bilirubin, AST, and ALT. Patients with viral cirrhosis had more advanced fibrosis 

based on higher ALBI, ALBI-FIB-4, APRI, and FIB-4 scores. In addition, patients with 

viral cirrhosis had significantly higher rates of variceal bleeding as the first complication of 

cirrhosis and significantly higher incidence of hepato-renal syndrome, variceal bleeding, and 

transplantation during the follow-up period.

Events of Decompensation Stratified by Etiologies

For all the enrolled patients, the average follow-up period was 524 days. (The mean was 

218 with a standard deviation of 654 days.) The decompensation events at 1 year and 3 

years are presented in Table 2. There were 165 (8%) non-viral and 167 (10%) viral cirrhosis 

patients who had decompensation within 1 year; and 273 (14%) non-viral and 293 (17%) 

viral cirrhosis patients had decompensation within 3 years. Overall, 312 and 337 patients 

with non-viral and viral cirrhosis, respectively, had decompensation during the follow-up 

period; and competing events were noted in 106 non-viral (91 patients died and 15 patients 

had liver transplantation) and 67 viral cirrhotic patients (41 patients died and 26 patients had 

liver transplantation). Among patients who had liver transplantation before decompensation, 

22 patients had hepatocellular carcinoma (HCC) and 2 patients had cholangiocarcinoma. For 

both groups of patients, ascites was the most common presentation of decompensation in the 

early follow-up period, followed by hepatic encephalopathy (Table 2).
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Comparison of Cumulative Incidences of Decompensation Between Patients with 
Non‑viral and Viral Cirrhosis

Patients with interruption of insurance within 6 months before the event were removed 

(5 patients with non-vial cirrhosis and 14 patients with viral cirrhosis). The cumulative 

incidences of decompensation were similar between patients with non-viral and viral 

cirrhosis (P = 0.589, Fig. 2)

Predictive Accuracy of Seven Noninvasive Models for Decompensation

For patients with non-viral cirrhosis, the ALBI-FIB-4 had the best predictive power among 

seven models for ascites, hepatic encephalopathy, and decompensation with all presentations 

at 1 year (Table 3). The FIB-4 had the highest AUCs for ascites, hepatic encephalopathy, and 

decompensation with all presentations prediction at 3 years. The performance for predicting 

overall decompensation was evaluated by the Uno’s c-statistic; the FIB-4 had the best 

c-statistic (0.692), which was significantly better than the c-statistics of other noninvasive 

models. All seven models had a sub-distribution hazard ratio (HR) larger than 1 with 

statistical significance in the Fine–Gray model (all P values < 0.001).

The comparison of seven models for patients with viral cirrhosis is shown in Table 4. For 

the prediction for ascites at 1 year and 3 years and the prediction for hepatic encephalopathy 

at 1 year and 3 years, the ALBI-FIB-4 had the best predictive accuracy with AUCs between 

0.694 and 0.792. For the prediction for all presentations of decompensation, the ALBI-FIB-4 

had the best prognostic ability at 1 year and 3 years with AUCs between 0.741 and 

0.754 and also provided the highest Uno’s c-statistic (0.681) for overall decompensation 

during follow-up time, which were significantly larger than the AUCs and c-statistics of 

other noninvasive models. All sub-distribution HRs were larger than 1, which predicted 

significantly increased risk of decompensation in the Fine–Gray model (P values between 

0.011 and < 0.001).

Prediction for All‑Cause Hospital Stay After Cirrhosis Diagnosis

For patients with non-viral cirrhosis (1776 patients with admission record, mean days of 

hospitalization after enrollment were 12 [interquartile range = 10]), the CTP and MELD had 

significantly predictive accuracy for all-cause hospital stay after cirrhosis diagnosis (both P 
< 0.05, Table 3). The MELD had an incidence rate ratio (IRR) of 1.09 (95% CI 1.06–1.12, P 
< 0.05) with the lower Akaike information criterion (AIC) compared to the CTP.

For patients with viral cirrhosis (1489 patients with admission record, mean days of 

hospitalization after enrollment were 10 [interquartile range = 8]), the ALBI, CTP, and 

MELD had significant predictive ability for all-cause hospitalization (all P < 0.05, Table 4). 

The MELD had the lowest AIC with an IRR of 1.13 (95% CI 1.08–1.17, P < 0.05).

Discussion

Patients with compensated cirrhosis have a median survival of 10 or more years; in 

contrast, once decompensation develops, the median survival of patients with cirrhosis 

significantly reduces to 2 to 4 years [12, 13]. Recently, Guha et al. validated the use of 
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combined noninvasive indices (ALBI and FIB-4) for the prediction of decompensation in 

379 patients with largely viral or alcohol-related compensated cirrhosis. Our data extend 

this research in several ways. First, we examined a cohort severalfold larger (> 3700 

patients with compensated cirrhosis). Second, we compared seven models for predicting 

decompensation accounting for the competing risk factors (death and transplantation before 

decompensation). Third, we distinguished predictions based on disease etiology highlighting 

estimates for persons with non-viral cirrhosis. Fourth, we evaluated predictions for all-cause 

hospitalization.

Choosing Models Based on the Outcome of Interest: First Decompensation

In our large cohort, the ALBI-FIB-4 and FIB-4 displayed significantly better predictive 

ability for decompensation and the MELD had the best predictive power for all-cause 

hospitalization. The FIB-4 has been extensively validated as a feasible tool to diagnose 

cirrhosis and shown to have consistent prognostic power to predict clinical outcomes for 

patients with different underlying liver diseases [14, 15]. The ALBI-FIB-4 and FIB-4 

not only predicted decompensation at 1 year and 3 years, but the ALBI-FIB4 and FIB-4 

consistently had a better predictive ability for long-term decompensation compared to 

others. These indices may be able to discern which patients with cirrhosis will remain 

compensated for more than 3 years [2]. The ALBI was designed initially to evaluate the 

severity of fibrosis in HCC patients and had been validated externally for patients with 

chronic liver disease, cirrhosis, and acute-on-chronic liver failure [16–18]. Low albumin is 

a known associated factor of ascites formation, which reasonably provides the advantage 

of ALBI for the prediction for ascites. However, the best AUCs of these seven models for 

ascites prediction at different time points were only 0.72, which could be related to the fact 

that the ascites formation is associated not only with portal hypertension but also with the 

influence of cardiac and renal dysfunctions. Of note, the CTP score inevitably lost some 

accuracy because patients in the final cohort had no ascites or hepatic encephalopathy; its 

predicting power might perform better for unselect cirrhotic patients.

Risk of Hospitalization

Cirrhosis is associated with longer hospital stay and a high readmission rate of patients 

admitted for non-liver diseases [7]. With the progression to decompensation, patients 

would have more frequent hospital visits and admission for liver and non-liver causes. 

We found that higher ALBI, CTP, and MELD scores were significantly associated with 

increased length of all-cause hospital stay per follow-up year in patients with viral cirrhosis; 

for patients with non-viral cirrhosis, higher CTP and MELD scores were significantly 

associated with longer hospital stay per year. Regardless of the etiologies of cirrhosis, the 

MELD had the most accurate prognostication (smallest AIC). Interestingly, the dominant 

predictive power of FIB-4-based models for decompensation was not found for predicting 

hospitalizations. The renal dysfunction included in the MELD could be the surrogate of 

progression of portal hypertension and end-organ hypoperfusion, which is considered the 

cornerstone of the prognostic power of MELD [19–21].
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Impact of Etiology on Prediction

There were more than 1500 patients for both non-viral and viral groups in our study, 

which assures that our findings have generalizability for predicting patients with different 

underlying liver diseases from various geographical areas. Patients with viral cirrhosis were 

significantly younger, with higher liver enzymes and worse liver function markers (albumin, 

bilirubin, and platelet), and had more advanced fibrosis/cirrhosis based on the higher ALBI, 

ALBI-FIB-4, APRI, and FIB-4. Ninety-four percent of the patients had hepatitis C in the 

viral cirrhosis group; this finding is consistent with the known disease course of patients 

with hepatitis C, which causes chronic hepatitis and cirrhosis in approximately 50 to 85 and 

20 to 30 percent of cases, respectively [22]. The numbers of non-viral and viral cirrhosis 

patients suffering from decompensation at 1 year and 3 years were similar, which was 

also displayed in the cumulative incidence of decompensation. Notably, fewer patients 

from the non-viral cirrhosis group had liver transplantation compared to the viral cirrhosis 

group, which could result from the higher prevalence of obesity, alcohol use, and other 

comorbidities.

Contextual Factors

One of the major strengths of this study is the Optum data, which have been utilized by 

independent research groups for various clinical topics [8, 23]. The Optum data include 

all medical claims of privately insured patients from all 50 states of the USA. The large 

patient cohort, diversity of basic demographics, and underlying liver disease support the 

conduct of studies focusing on specific complications of cirrhosis (ascites and hepatic 

encephalopathy) and overall decompensation stratified by non-viral and viral cirrhosis [24]. 

Additionally, with complete pharmacy records within the Optum, we can exclude all patients 

receiving loop diuretics, spironolactone, rifaximin, and lactulose at enrollment to better 

identify patients without decompensation as the base of our study cohort.

This study has a few limitations. First, this study is conducted with a commercial insurance 

database, which is usually paid by the employer in the USA. When patients’ cirrhosis 

or general medical condition deteriorates to a degree that patients could not keep their 

job, they may lose insurance coverage and the follow-up in this database. This feature 

prevents us from doing an accurate analysis of overall mortality. Second, most patients 

diagnosed with compensated cirrhosis were excluded from this study due to the lack of 

a full laboratory panel, which is an inevitable weakness of retrospective studies using an 

administrative dataset. Third, the diagnosis code of decompensation might not be updated 

timely if clinicians continued to provide care under the same ICD code of cirrhosis after 

complications developed. Fourth, the diagnosis criteria of cirrhosis and decompensation 

could not be completely standardized because of the nature of this insurance database study. 

Fifth, because of the method of NAFLD diagnosis applied in the study, some patients with 

cryptogenic cirrhosis would be coded as NAFLD. Last, hepatitis B and C viral statuses were 

not included in the analysis. Also, the management and outcome of hepatitis C patients have 

been significantly changed by the success of direct antiviral agents recently. The predictive 

accuracy of these seven noninvasive models for hepatitis C patients with cirrhosis after 

sustained viral response requires further study.
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Conclusion

In conclusion, noninvasive models composed of routinely available laboratory tests can 

serve as a tool to predict the development of decompensation in patients with compensated 

cirrhosis. Among the seven current models, the FIB-4 and ALBI-FIB-4 had the best 

prognostic power to serve patients with non-viral and viral cirrhosis, respectively; however, 

due to the mediocre prediction of overall decompensation (AUCs less than 0.7), a modified 

model based on FIB-4 or identification of cutoff values of FIB-4-based models to predict 

decompensation is warranted in the future. On the other hand, the MELD showed the best 

predictive accuracy for the all-cause hospital stay. Altogether, our findings showed that 

the currently used noninvasive models could provide short- and long-term guidance of the 

clinical course of cirrhosis, which could help the healthcare system to select candidates 

for clinical trials and offer more individualized care plans for patients with compensated 

cirrhosis.
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Abbreviations

ALBI Albumin–bilirubin

APRI Aspartate aminotransferase-to-platelet ratio index
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CTP Child–Turcotte–Pugh

FIB-4 Fibrosis-4

HCC Hepatocellular carcinoma

HR Hazard ratio

MELD Model for end-stage liver disease
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Fig. 1. 
Patient selection algorithm of Optum data bank. A total of 3722 patients with compensated 

cirrhosis were enrolled
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Fig. 2. 
Distribution of cumulative incidence of decompensation stratified by non-viral and viral 

cirrhosis with Fine–Gray competing factor regression model. Patients with non-viral and 

viral cirrhosis had similar cumulative incidence of decompensation (P = 0.589)
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