
2080

Hepatology Communications, VOL. 5, NO. 12, 2021� ﻿

Associations Between Alcohol Use and 
Liver-Related Outcomes in a Large 
National Cohort of Patients With 
Cirrhosis
Meredith M. Pearson ,1 Nicole J. Kim ,1 Kristin Berry,2 Andrew M. Moon ,3 Feng Su,1 Philip Vutien,1 Pamela K. Green,4 
Emily C. Williams,4,5 and George N. Ioannou 1,6

Alcohol use can cause hepatic necroinflammation and worsening portal hypertension in patients with cirrhosis. We 
aimed to evaluate the associations between degree of alcohol use and clinical liver-related outcomes according to etiol-
ogy of cirrhosis. In this retrospective cohort analysis, 44,349 U.S. veterans with cirrhosis from alcohol-associated liver 
disease (ALD), chronic hepatitis C virus (HCV) infection, or nonalcoholic fatty liver disease were identified who com-
pleted the Alcohol Use Disorders Identification Test Consumption questionnaire in 2012. Based on this score, level 
of alcohol use was categorized as none, low level, or unhealthy. Multivariable Cox proportional hazards regression was 
used to assess for associations between alcohol use and mortality, cirrhosis decompensation (new ascites, encephalopa-
thy, or variceal bleeding), and hepatocellular carcinoma (HCC). At baseline, 36.4% of patients endorsed alcohol use 
and 17.1% had unhealthy alcohol use. During a mean 4.9  years of follow-up, 25,806 (57.9%) patients died, 9,409 
(21.4%) developed a new decompensation, and 4,733 (11.1%) developed HCC. In patients with ALD-cirrhosis and 
HCV-cirrhosis, unhealthy alcohol use, compared with no alcohol use, was associated with higher risks of mortality 
(adjusted hazard ratio [aHR]  =  1.13, 95% confidence interval [CI]  =  1.07-1.19 and aHR  =  1.14, 95% CI  =  1.08-1.20, 
respectively) and decompensation (aHR  =  1.18, 95% CI  =  1.07-1.30 and aHR  =  1.08, 95% CI  =  1.00-1.16, respec-
tively). Alcohol use was not associated with HCC, regardless of cirrhosis etiology. Conclusion: Unhealthy alcohol use 
was common in patients with cirrhosis and was associated with higher risks of mortality and cirrhosis decompensa-
tion in patients with HCV-cirrhosis and ALD-cirrhosis. Therefore, health care providers should make every effort to 
help patients achieve abstinence. The lack of association between alcohol use and HCC merits further investigation. 
(Hepatology Communications 2021;5:2080-2095).

Alcohol use in patients with chronic liver 
disease is common, with approximately 
20%-69% of patients endorsing drinking 

to various degrees.(1–3) In patients with alcohol-
associated liver disease (ALD), including those with 
cirrhosis, alcohol use has been shown to contribute 
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to increased rates of hepatic decompensation and 
mortality.(1,2,4)

In patients with chronic liver disease due to hepa-
titis C virus (HCV), alcohol has been associated with 
increased mortality(5) and higher rates of decompen-
sated liver disease.(6,7) Furthermore, among patients 
with HCV, alcohol use is associated with an increased 
risk of hepatocellular carcinoma (HCC).(8) This is 
likely due to synergistic hepatocellular damage and 
resulting fibrosis from both alcohol and HCV.(9) In 
contrast, the literature on alcohol use in nonalcoholic 
fatty liver disease (NAFLD) is mixed. Some studies 
have reported increased risk of hepatic fibrosis,(10) 
HCC,(11) and mortality.(12) Other studies have found 
a beneficial effect from moderate alcohol consump-
tion.(13,14) Many of these studies included patients with 
both noncirrhotic liver disease and cirrhosis, making it 
difficult to assess whether the risk of alcohol use is dif-
ferent among patients with established cirrhosis.

Therefore, in this study, we aimed to describe the 
patterns of alcohol use in a cohort of U.S. veterans 
with cirrhosis and to evaluate the associations between 
severity of alcohol use and liver-related outcomes and 
mortality, overall and by etiology of cirrhosis. We 
hypothesized that any alcohol use, and particularly 
high-risk alcohol use, would be associated with an 
increased risk of liver-related decompensation, HCC, 
and all-cause mortality.

Patients and Methods
STUDY DESIGN

We identified all patients with cirrhosis, without a 
prior history of liver transplantation, who received care 

in the national Veterans Affairs Healthcare System 
(VAHS) in calendar year 2012 and who had Alcohol 
Use Disorders Identification Test Consumption 
(AUDIT-C) testing performed for screening of alco-
hol use disorder (AUD) in 2012 or within 1  year 
before entry in the cohort. We followed these patients 
retrospectively until February 5, 2020, to assess for 
the development of death and liver-related outcomes, 
including decompensated cirrhosis (i.e., ascites, 
hepatic encephalopathy, or bleeding gastroesophageal 
varices), HCC, and liver transplantation. We then 
examined the associations between baseline alcohol 
use (estimated by AUDIT-C) and development of 
these outcomes.

STUDY POPULATION AND DATA 
SOURCE

The VAHS is the largest integrated health care 
system in the United States and provides health care 
to more than 8.9  million veterans each year, at 168 
VAHS Medical Centers and 1,053 outpatient clinics. 
Demographic, comorbidities, alcohol use, and clin-
ical outcomes data were extracted from the VAHS’s 
Corporate Data Warehouse, a data repository derived 
from the VAHS electronic medical records, devel-
oped specifically to facilitate research. This study 
was approved by the institutional review board of the 
Veterans Affairs Puget Sound Healthcare System.

We identified 56,760 patients who had a diagnosis 
of cirrhosis related to HCV, ALD, or NAFLD first 
recorded at or before December 31, 2012, and who 
received VAHS health care in calendar year 2012, 
defined by having at least one inpatient or outpatient 
visit during that calendar year. We excluded 1,909 
patients who had undergone liver transplantation 
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before baseline AUDIT-C and 10,502 patients who 
did not have a baseline AUDIT-C score performed in 
2012 or within 1 year of entry into the cohort, leaving 
44,349 patients in the current analyses.

DEFINITION OF CIRRHOSIS
Diagnosis of cirrhosis was established based on the 

report of an associated International Classification of 
Diseases, Ninth Revision (ICD-9) code, recorded at 
least twice in any inpatient or outpatient encounter, 
or a diagnosis of cirrhosis recorded only once together 
with at least one complication of cirrhosis. The ICD-9 
codes that we used for cirrhosis and complications of 
cirrhosis are given in Appendix 1. ICD-9 codes only 
(rather than ICD-10 codes) were used for the baseline 
diagnosis of cirrhosis in 2012, because ICD-10 codes 
were introduced in the VAHS only after October 
2015. The diagnosis of cirrhosis using at least two 
ICD-9 codes in VAHS data has been shown to have a 
97% positive predictive value as compared with chart 
extraction.(15)

Among patients with cirrhosis, the following three 
mutually exclusive etiologies were defined based on 
previously published studies(15)

1.	 HCV: Patients who ever had a positive HCV 
RNA were categorized as HCV regardless of any 
additional etiologies. Patients with HCV were 
subcategorized as “HCV-cured” if their HCV 
had been eradicated before entry into the cohort 
in 2012 or “HCV-active” if they still had a posi-
tive HCV viral load at the time of entry into the 
cohort. For patients with active HCV at baseline, 
HCV eradication during follow-up was accounted 
for as a time-varying covariate.

2.	 ALD: Patients with ICD-9 codes for AUD in the 
absence of serological markers of chronic HCV 
or hepatitis B virus (HBV) infection and in the 
absence of ICD-9 codes for hemochromatosis, 
primary biliary cholangitis, primary sclerosing 
cholangitis, or autoimmune hepatitis were catego-
rized as ALD.

3.	 NAFLD: Patients with ICD-9 codes for diabe-
tes mellitus, recorded at least twice, or body mass 
index ≥30  kg/m2 before the diagnosis of cirrho-
sis, who did not have HCV, ALD as defined pre-
viously, or ICD-9 codes for hemochromatosis, 
primary biliary cholangitis, primary sclerosing 

cholangitis, or autoimmune hepatitis were catego-
rized as NAFLD. This definition is based on pre-
vious work(11,15) and reflects the diagnostic process 
used in clinical practice to diagnose NALFD, as 
suggested by the risk factors of diabetes mellitus 
and obesity and exclusion of other etiologies, as 
NAFLD-related cirrhosis does not have unique 
serological, radiological, or histological features. 
Because the diagnosis of NAFLD was based on 
the absence of diagnosis of AUD rather than re-
porting no alcohol use on AUDIT-C, patients 
with NAFLD-cirrhosis could fall into any of the 
AUDIT-C categories.

Patients with other etiologies of cirrhosis were 
not included in the study because they were too 
heterogeneous.

BASELINE PATIENT 
CHARACTERISTICS

We obtained the values of all baseline character-
istics as of calendar year 2012 (the year of inception 
of our cohort). We extracted age, sex, race/ethnicity, 
body mass index, cirrhosis etiology, laboratory data, 
and comorbidities including diabetes mellitus, nonal-
cohol substance use disorder, depression, anxiety, and 
posttraumatic stress disorder. Medical and psychiatric 
comorbidities were included if reported at least twice 
before diagnosis of cirrhosis, based on ICD-9 codes.

ASSESSMENT OF ALCOHOL 
USE AT BASELINE AND DURING 
FOLLOW-UP

Alcohol use was assessed using the AUDIT-C 
questionnaire, which is a validated screening tool for 
identifying unhealthy alcohol use (Appendix 2).(16) 
Scores range from 0-12, with 0 indicating nondrink-
ing and higher scores reflecting greater amounts of 
alcohol consumption. The VAHS has been aiming to 
perform annual screening for unhealthy alcohol use 
with AUDIT-C testing for all patients since 2004.

Baseline alcohol use was defined by the AUDIT-C 
score reported in 2012 or within 1  year before entry 
into the cohort; for patients with multiple AUDIT-C 
scores, we recorded the one closest to January 1, 2012. 
Baseline alcohol use was categorized into nondrinking 
(score of 0), low-level drinking (score of 1-3 in men, 
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1-2 in women), and unhealthy drinking (score of ≥4 
in men, ≥3 in women).(17)

We also extracted the AUDIT-C scores recorded 
during follow-up at least 3  months after inception 
into the cohort and used them to model AUDIT-C 
score as a time-dependent covariate.

OUTCOMES
We assessed overall mortality and the develop-

ment of the following liver-related outcomes during 
follow-up: cirrhosis decompensation, HCC, and 
liver transplantation. Cirrhosis decompensation was 
defined by the development of at least one of the 
following: ascites, hepatic encephalopathy, or bleed-
ing gastroesophageal varices. These outcomes were 
defined based on ICD-9 or ICD-10 codes (Appendix 
3) that appeared at least twice starting from 3 months 
after entry into the cohort in 2012. Patients were ret-
rospectively followed until up to February 5, 2020, for 
the development of these outcomes.

STATISTICAL ANALYSIS
Multivariable Cox proportional hazards regression 

was used to assess for associations between severity of 
alcohol use (assessed by AUDIT-C scores) and overall 
mortality and for each of the liver-related outcomes 
listed previously. Patients were censored at time of 
death, liver transplantation, or last follow-up visit at 
the VAHS. We modeled baseline alcohol use using 
the AUDIT-C scores recorded in 2012 or within 
1 year before inception into the cohort. We also mod-
eled the AUDIT-C scores recorded during follow-up 
as time-dependent covariates (Appendix 4). Survival 
analyses were stratified by the VAHS facility at which 
the baseline AUDIT-C testing was done.

Analyses were adjusted for the following potential 
confounders that may be associated with both alcohol 
consumption and the risk of adverse liver-related out-
comes: history of ascites, history of hepatic encepha-
lopathy, history of variceal bleeding, history of HCC, 
Charlson Comorbidity Index (Appendix 2), age, sex, 
race/ethnicity, body mass index, HCV genotype, 
human immunodeficiency virus (HIV) infection, HBV 
infection, diabetes mellitus, platelet count, serum bili-
rubin, creatinine, albumin, aspartate aminotransferase 
(AST) to alanine aminotransferase (ALT) ratio, inter-
national normalized ratio (INR), and hemoglobin. For 

patients with HCV-cirrhosis, we adjusted for baseline 
HCV status (active versus history of sustained viral 
response [SVR]) and accounted for subsequent erad-
ication of HCV during follow-up as a time-varying 
covariate. Continuous variables were categorized and 
modeled as dummy categorical variables.

Separate analyses were performed for each of the four 
outcomes (mortality, cirrhosis decompensation, HCC, 
and liver transplantation), each with its own censor-
ing. All patients were included in the analysis of mor-
tality and liver transplantation. Patients with a history 
of HCC (active or previously treated) at inception into 
the cohort were excluded from the analysis of HCC. 
Patients with a history of all three cirrhosis decompen-
sations (ascites, hepatic encephalopathy, and bleeding 
gastroesophageal varices) at inception into the cohort 
were excluded from the analysis of cirrhosis decom-
pensation. Patients lacking at least one decompensa-
tion were included in this analysis and followed for the 
development of a new decompensation (e.g., a patient 
with ascites as his or her only decompensation would be 
followed for the development of hepatic encephalopa-
thy and/or bleeding gastroesophageal varices, either of 
which would qualify as new cirrhosis decompensation).

Receipt of liver transplantation can be a “compet-
ing risk” that prevents the development of other out-
comes, especially death. This is particularly important 
because patients who consume alcohol may be less 
likely to be eligible for liver transplantation, and 
therefore more likely to die. To account for this, we 
additionally performed a competing risks analysis in 
which liver transplantation was considered a compet-
ing risk for death.

Results
BASELINE CHARACTERISTICS 
OF COHORT OF PATIENTS WITH 
CIRRHOSIS

The cohort of 44,349 patients with cirrhosis had 
a mean age of 62.1  years (SD  =  8.0) and were pre-
dominantly male (97.3%) and non-Hispanic White 
(65.6%) (Table 1). The underlying etiology of cirrho-
sis was HCV infection in 52.6% (most with active 
HCV), ALD in 32.4%, and NAFLD in 14.9%. Of 
the patients with active HCV, 42% achieved SVR 
after their baseline AUDIT-C.
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TABLE 1. BASELINE CHARACTERISTICS OF OUR COHORT OF PATIENTS WITH CIRRHOSIS AT THE TIME 
OF COHORT INCEPTION IN 2012, PRESENTED ACCORDING TO AUDIT-C SCORE

Total No Alcohol Use*
Low-Level Alcohol 

Use*
Unhealthy Alcohol 

Use*

P Valuen = 44,349 n = 28,239 (63.7%) n = 8,539 (19.3%) n = 7,571 (17.1%)

Age (mean, SD) 62.1, 8.0 62.6, 8.0 62.0, 8.0 60.3, 7.9 <0.001

Male (n, %) 43,173, 97.3 27,430, 97.1 8,353, 97.8 7,390, 97.6 <0.001

Race/ethnicity (n, %) <0.001

White, non-Hispanic 29,077, 65.6 18,423, 65.2 5,434, 63.6 5,220, 68.9

Black, non-Hispanic 8,045, 18.1 5,102, 18.1 1,735, 20.3 1,208, 16.0

Hispanic 3,820, 8.6 2,555, 9.0 706, 8.3 559, 7.4

Other 907, 2.0 576, 2.0 177, 2.1 154, 2.0

Declined/missing 2,500, 5.6 1,583, 5.6 487, 5.7 430, 5.7

BMI (kg/m2) (mean, SD) <0.001

≤25.1 11,003, 24.9 6,265, 22.3 2,132, 25.1 2,606, 34.6

25.1 to ≤28.7 11,074, 25.1 6,989, 24.9 2,083, 24.5 2,002, 26.6

28.7 to ≤33.0 11,054, 25.0 7,273, 25.9 2,119, 24.9 1,662, 22.1

>33.0 11,029, 25.0 7,595, 27.0 2,174, 25.6 1,260, 16.7

Cirrhosis etiology (n, %) <0.001

ALD 14,385, 32.4 7,491, 26.5 2,830, 33.1 4,064, 53.7

HCV 23,324, 52.6 17,156, 64.9 4,734, 59.3 3,465, 48.6

HCV-active† 21,329, 48.1 15,654, 55.4 4,388, 51.4 3,300, 43.6

HCV-cured† 2,013, 4.5 1,502, 9.5 346, 7.9 165, 5.0

NAFLD 6,622, 14.9 5,094, 18.0 1,321, 15.5 207, 2.7

MELD (mean, SD) 10.4, 4.6 10.5, 4.5 10.1, 4.5 10.6, 4.9 <0.001

FIB-4 score (mean, SD) 6.3, 28.7 6.0, 25.7 5.9, 25.8 7.8, 40.2 <0.001

FIB-4 score (median, IQR) 3.6 (2.0,6.6) 3.6 (2.0,6.4) 3.4 (1.9,6.3) 4.2 (2.3,7.8) <0.001

Charlson Comorbidity Index 
(n, %)

<0.001

0 6,838, 15.4 3,311, 11.7 1,498, 17.5 2,029, 26.8

1 10,388, 23.4 6,313, 22.4 2,113, 24.7 1,962, 25.9

2 7,253, 16.4 4,628, 16.4 1,476, 17.3 1,149, 15.2

>2 19,870, 44.8 13,987, 49.5 3,452, 40.4 2,431, 32.1

Decompensated cirrhosis 
(n, %)

11,047, 24.9 7,662, 27.1 1,744, 20.4 1,641, 21.7 <0.001

Ascites 7,349, 16.6 5,067, 17.9 1,194, 14.0 1,088, 14.4 <0.001

Encephalopathy 3,681, 8.3 2,746, 9.7 469, 5.5 466, 6.2 <0.001

Bleeding gastroesophageal 
varices

3,319, 7.5 2,321, 8.2 506, 5.9 492, 6.5 <0.001

HCC (n, %) 2,274, 5.1 1,744, 6.2 328, 3.8 202, 2.7 <0.001

Diabetes (n, %) 19,060, 43.0 13,478, 47.7 3,560, 41.7 2,022, 26.7 <0.001

Depression (n, %) 21,910, 49.4 14,230, 50.4 3,930, 46.0 3,750, 49.5 <0.001

Anxiety (n, %) 13,514, 30.5 8,871, 31.4 2,320, 27.2 2,323, 30.7 <0.001

PTSD (n, %) 10,950, 24.7 7,180, 25.4 1,924, 22.5 1,846, 24.4 <0.001

Nonalcohol substance use 
disorder (n, %)

13,824, 31.2 8,364, 29.6 2,531, 29.6 2,929, 38.7 <0.001

AUDIT-C score (mean, SD) 1.6, 2.9 0.0, 0.0 1.7, 0.8 7.2, 2.8 <0.001

*Baseline severity of alcohol use defined by AUDIT-C score recorded within 1 year of entry into the cohort: nondrinking: AUDIT-C 
score 0; low-level drinking: AUDIT-C score 1-3 in men, 1-2 in women; and unhealthy drinking: AUDIT-C score 4-12 in men, 3-12 in 
women.
†Patients were categorized as HCV-cured if their HCV was eradicated before entry into the cohort in 2012; otherwise they were catego-
rized as HCV-active if they still had a positive HCV-RNA viral load.
Abbreviations: IQR, interquartile range; MELD, Model for End-Stage Liver Disease; and PTSD, posttraumatic stress disorder.
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At baseline, 63.7% of all patients did not drink 
alcohol (AUDIT-C = 0), 19.3% had low-level alcohol 
use (AUDIT-C  =  1-3 in men, 1-2 in women), and 
17.1% had unhealthy alcohol use (AUDIT-C ≥ 4 in 
men, ≥3 in women). Of patients with ALD-cirrhosis, 
47.9% were using alcohol compared to 32.9% with 
HCV-cirrhosis and 23.1% with NAFLD-cirrhosis. 
Unhealthy alcohol use was also most common in 
patients with ALD-cirrhosis (28.0%) and least  
common in those with NAFLD-cirrhosis (3.1%) 
(Fig. 1). Patients with unhealthy alcohol use tended 
to be younger and non-Hispanic White and have a 
lower body mass index, lower rate of diabetes melli-
tus, lower Charlson Comorbidity Index score, higher 
Fibrosis-4 (FIB-4) score, and higher rate of a nonal-
cohol substance use disorder than those with no or 
low-level alcohol use. Nondrinkers had the highest 
rate (27.1%) of decompensated cirrhosis, whereas 
patients with low-level alcohol use had the lowest 
rate (21.7%).

ASSOCIATIONS BETWEEN 
BASELINE ALCOHOL USE 
AND ADVERSE OUTCOMES IN 
PATIENTS WITH CIRRHOSIS

During a mean 4.9  years of follow-up 
(range = 1 day to 9.1 years), 25,806 (57.9%) patients 

died, 9,409 (21.4%) developed cirrhosis decompen-
sation, 4,733 (11.1%) developed HCC, and 683 
(1.5%) underwent liver transplantation. Compared 
with those who reported no alcohol use, unhealthy 
alcohol use was associated with a higher risk of 
mortality (adjusted hazard ratio [aHR]  =  1.13, 
95% confidence interval [CI]  =  1.09-1.17) and 
decompensation (aHR  =  1.10, 95% CI  =  1.03-
1.16) and lower likelihood of liver transplantation 
(aHR  =  0.21, 95% CI  =  0.14-0.31) (Table 2 and 
Fig. 2). Low-level alcohol use was also associated 
with a higher risk of mortality and decompensa-
tion and lower likelihood of liver transplantation  
than no alcohol use, but the magnitudes of these 
associations were lower than those with unhealthy 
alcohol use. There was no association between 
unhealthy or low-level alcohol use and HCC  
risk. Results were similar in the competing risks 
analysis.

MODELING ALCOHOL USE 
DURING FOLLOW-UP AS A 
TIME- VARYING COVARIATE

When baseline and follow-up alcohol use was 
modeled as a time-varying covariate, unhealthy 
alcohol was associated with a higher risk of mor-
tality (aHR  =  1.18, 95% CI  =  1.13-1.23), higher 

FIG. 1. Proportion of patients with varying degrees of alcohol use as determined by baseline AUDIT-C scores, at the time of cohort 
inception in 2012.
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risk of new cirrhosis decompensation (aHR = 1.31, 
95% CI = 1.22-1.41), and lower likelihood of liver 
transplantation (aHR = 0.10, 95% CI = 0.05-0.20) 
compared with nondrinkers (Table 3).

ASSOCIATIONS BETWEEN 
BASELINE ALCOHOL USE 
AND ADVERSE OUTCOMES 
ACCORDING TO ETIOLOGY OF 
CIRRHOSIS

Among patients with ALD-cirrhosis, unhealthy 
drinking, compared with no drinking, was associ-
ated with higher risk of mortality (aHR = 1.13, 95% 
CI  =  1.07-1.20), higher risk of cirrhosis decom-
pensation (aHR  =  1.15, 95% CI  =  1.05-1.27), 
similar risk of HCC (aHR = 1.02, 95% CI = 0.83-
1.24), and lower likelihood of liver transplantation 
(aHR  =  0.28, 95% CI  =  0.15-0.54) (Table 2 and  
Fig. 2). Among patients with HCV-cirrhosis, 
unhealthy drinking was associated with higher risk 
of mortality (aHR = 1.14, 95% CI = 1.09-1.20), high 
risk of cirrhosis decompensation (aHR = 1.07, 95% 
CI = 1.00-1.15), similar risk of HCC (aHR = 1.02, 
95% CI = 0.93-1.13), and lower likelihood of liver 
transplantation (aHR = 0.20, 95% CI = 0.12-0.32) 
compared with nondrinkers. However, among 
patients with NAFLD-cirrhosis, the association 
between unhealthy drinking (vs. no drinking)  
was not statistically significantly associated with 
mortality (aHR  =  0.95, 95% CI  =  0.77-1.18),  
cirrhosis decompensation (aHR  =  0.91, 95% 
CI = 0.63-1.32), or HCC (aHR = 0.86, 95% CI = 
0.42-1.75).

Discussion
In this cohort of 44,349 patients with cirrhosis, we 

found that alcohol use, as estimated by the AUDIT-C 
questionnaire, was associated with increased risks of 
mortality and hepatic decompensation in a dose-
dependent manner in patients with ALD-cirrhosis 
and HCV-cirrhosis, but not those with NAFLD-
cirrhosis. The increased risk of decompensation was 
driven by increased rates of ascites and bleeding gas-
troesophageal varices but not hepatic encephalopa-
thy. We did not find an association between alcohol 
use and HCC.TA
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ALCOHOL USE IS COMMON IN 
PATIENTS WITH CIRRHOSIS

Despite recommendations that patients with cir-
rhosis abstain from alcohol,(18) our study shows that 
alcohol use in patients with cirrhosis is common 
(36.4%) and comparable with other studies.(1–3) Not 
surprisingly, rates of alcohol use were highest in 
ALD-cirrhosis (47.9%), followed by HCV-cirrhosis 
(32.9%) and NAFLD-cirrhosis (23.1%). According 
to a survey of patients with ALD, many stated that 
AUD treatment and alcohol abstinence were futile 
because the liver disease had already occurred.(3) 
Dedicated efforts should be made to educate patients 
on the demonstrated health benefits of behavioral 
therapy and pharmacotherapy for AUD in patients 
with cirrhosis.(19)

ASSOCIATION BETWEEN 
ALCOHOL USE AND 
MORTALITY OR CIRRHOSIS 
DECOMPENSATION IN ALD-
CIRRHOSIS AND HCV-CIRRHOSIS

In patients with ALD-cirrhosis and HCV-
cirrhosis, we found that alcohol use was associated 
with increased mortality. This is consistent with prior 
studies and the American Association for the Study 
of Liver Diseases guidelines.(1,2,4,18) Many studies in 
patients with HCV have been limited by the inclusion 
of mixed populations of those with and without cir-
rhosis, and in these cohorts, alcohol consumption has 
been identified as a risk factor for decompensated cir-
rhosis(6,7) and increased mortality.(5) The association 
between alcohol use and poor outcomes in those with 

FIG. 2. Forest plot of the aHRs of liver-related outcomes in patients with unhealthy drinking compared with nondrinkers. *There were 
too few events (patients with NAFLD with unhealthy alcohol use undergoing liver transplantation) to analyze.
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HCV-cirrhosis may be due to the synergistic effect of 
HCV and alcohol on the progression of liver fibro-
sis and hepatocellular damage.(6,20) Counseling on the 
harms of alcohol use and referral for AUD therapy 
may therefore be particularly important in patients 
with HCV-cirrhosis, even after HCV cure.

The highest risks of mortality were demonstrated 
in patients with unhealthy alcohol use, but impor-
tantly, even low-level use was significantly associated 
with increased mortality. Furthermore, alcohol use was 
associated with new decompensation events, specifi-
cally ascites and variceal bleeding. These associations 
may be explained by the effects of alcohol on increas-
ing portal pressure.(21) Overall, our findings suggest 
that there is no “safe” amount of alcohol that can be 
recommended to patients with ALD-cirrhosis and 
HCV-cirrhosis.

ASSOCIATION BETWEEN 
ALCOHOL USE AND 
MORTALITY OR CIRRHOSIS 
DECOMPENSATION IN NAFLD-
CIRRHOSIS

In patients with NAFLD-cirrhosis, alcohol use was 
not associated with decompensation, and low-level 
alcohol use was associated with a decreased risk for 
mortality. The literature has been mixed on whether 
alcohol use is harmful or protective in patients with 
NAFLD,(10–14) and most studies have focused on 
noncirrhotic NAFLD. Our cohort included a small 
number of patients with a diagnosis of NAFLD and 
heavy alcohol use, and as patients with NAFLD do 
not have AUD by definition, this may have contrib-
uted to these null results. Additionally, NAFLD is a 
common disorder that may have been a contributor 
to the chronic liver disease in patients categorized as 
HCV-cirrhosis or ALD-cirrhosis, and those patients 
would not have been included in this cohort. The 
risks of alcohol use in NAFLD-cirrhosis therefore 
deserve additional investigation, especially in light of 
the associated harms of alcohol use seen among our 
overall cohort of cirrhosis patients.

NO ASSOCIATION BETWEEN 
ALCOHOL AND HCC

There was no statistically significant association 
between alcohol use and increased risk of HCC in 

patients with cirrhosis. Much of the existing litera-
ture has reported that alcohol is a risk factor for the 
development of HCC; however, many of these stud-
ies included patients without cirrhosis or chronic liver 
disease.(22–24) Therefore, it is unclear whether alcohol 
use is a risk factor for the development of cirrhosis, 
which then predisposes to HCC, or if alcohol is a risk 
factor for HCC itself.

Of the studies specific to patients with cirrhosis, sev-
eral have reported that alcohol use was not associated 
with the development of HCC,(25–27) whereas other 
studies have reported an association with HCC.(8,28,29) 
These positive studies did not use standardized alco-
hol use questionnaires(8) and only assessed alcohol use 
before, but not after, cirrhosis diagnosis,(28,29) which 
may explain the discrepant results.

Of note, in our time-varying covariate model, alco-
hol use was associated with a lower risk for HCC. This 
pattern has been described in the past and may be 
explained by the fact that many patients stop drinking 
during follow-up when they are diagnosed with liver 
decompensation or worsening liver function.(22)

STRENGTHS AND LIMITATIONS
This study has a number of strengths, includ-

ing its large, national cohort, inclusion of multiple 
etiologies of cirrhosis (ALD, HCV, and NAFLD), 
adjustment for multiple confounding factors, and 
prospective ascertainment of screening AUDIT-C 
scores during routine clinical practice, which may be 
less susceptible to underreporting bias. However, this 
study also had some limitations. First, most patients 
in the cohort were male, consistent with a U.S. vet-
eran study population, which may limit generaliz-
ability. This is particularly relevant given that women 
are more susceptible to the hepatotoxic effects of 
alcohol.(30) Second, AUDIT-C testing is a screening 
tool that may not precisely reflect safe drinking lim-
its established by the National Institute on Alcohol 
Abuse and Alcoholism. Third, as this is an observa-
tional study, there remains the potential for unmea-
sured confounding, despite multivariable adjustments 
for a large number of potential confounders. Finally, 
patients with less common etiologies of cirrhosis, such 
as chronic hepatitis B infection and cholestatic liver 
diseases, were not included, so these findings may not 
generalize to these groups.
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In conclusion, in this large retrospective study of U.S. 
veterans with cirrhosis, we found that alcohol use was 
common and was associated with increased risks of mor-
tality and decompensation in a dose-dependent manner 
in patients with ALD-cirrhosis and HCV-cirrhosis, but 
not those with NAFLD-cirrhosis. The increased risk of 
decompensation was driven by increased rates of ascites 
and bleeding gastroesophageal varices but not hepatic 
encephalopathy. Given this high burden of alcohol use, 
clinicians should make every effort to help patients with 
cirrhosis achieve complete abstinence.

Acknowledgment: The authors thank Brian Hulette for 
his contribution to the creation of Figure 2.

Appendix 1
ICD-9 CODES USED FOR THE 
DEFINITION OF CIRRHOSIS AT 
BASELINE ENTRY INTO THE 
COHORT IN 2012
Patients were required to have at least two records of ICD-9 codes 
for cirrhosis or one record for cirrhosis and at least one for any of 
the complications of cirrhosis listed in the table (varices no bleed-
ing, varices with bleeding, ascites, spontaneous bacterial peritoni-
tis, encephalopathy, hepatorenal syndrome, and hepatopulmonary 
syndrome).

Diagnosis ICD-9

1. CIRRHOSIS

Alcoholic cirrhosis of liver 571.2

Cirrhosis of liver without mention of alcohol 571.5

2. VARICES NO BLEEDING

Esophageal varices without mention of bleeding 456.1

Esophageal varices in diseases classified elsewhere, without mention of bleeding 456.21

3. VARICES WITH BLEEDING

Esophageal varices with bleeding 456.0

Esophageal varices in diseases classified elsewhere, with bleeding 456.20

4. ASCITES

Ascites 789.5

Other ascites 789.60

Nonmalignant ascites 789.59

5. SPONTANEOUS BACTERIAL PERITONITIS

Spontaneous bacterial peritonitis 567.23

6. ENCEPHALOPATHY

Encephalopathy 572.2

Chronic hepatitis C with hepatic coma 070.44

7. HEPATORENAL SYNDROME

Hepatorenal syndrome 572.5

8. HEPATOPULMONARY SYNDROME

Hepatopulmonary syndrome 573.5
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Appendix 2
AUDIT-C QUESTIONNAIRE AND CHARLSON COMORBIDITY INDEX

Appendix 3
ICD-9 AND ICD-10 CODES USED IN THE DIAGNOSTIC DEFINITIONS 
OF HCC, LIVER TRANSPLANTATION, DECOMPENSATED CIRRHOSIS, 
DIABETES MELLITUS, AUD, HEMOCHROMATOSIS, PRIMARY BILIARY 
CIRRHOSIS, AUTOIMMUNE HEPATITIS, AND PRIMARY SCLEROSING 
CHOLANGITIS
Patients were required to have at least two records of ICD-9 or ICD-10 codes within each outcome.

AUDIT-C Questions and Scoring System Charlson Comorbidity Index Scoring System

1. How often do you have a drink containing alcohol? 1 point

a. Never (0) Age (per decade >40 years)
b. Monthly or less (1) Myocardial infarction
c. 2-4 times a month (2) Congestive heart failure
d. 2-3 times a week (3) Peripheral vascular disease
e. 4 or more times a week (4) Cerebrovascular accident or

2. How many standard drinks containing alcohol do you have on a typical day? transient ischemic attack
a. 1 or 2 (0) Dementia
b. 3 or 4 (1) Chronic obstructive pulmonary disease
c. 5 or 6 (2) Connective tissue disease
d. 7 to 9 (3) Peptic ulcer disease
e. 10 or more (4) Mild liver disease

3. How often do you have six of more drinks on one occasion? Diabetes mellitus
a. Never (0) 2 points
b. Less than monthly (1) Hemiplegia
c. Monthly (2) Moderate to severe chronic kidney disease
d. Weekly (3) Solid tumor without metastases
e. Daily or almost daily (4) Leukemia

Lymphoma
3 points

Moderate or severe liver disease
6 points

Solid tumor with metastases
AIDS

Diagnosis ICD-9 ICD-10

1. HCC
HCC 155.0 HCC C22.0
2. LIVER TRANSPLANTATION
Liver replaced by transplant V42.7 Liver transplant status Z49.4

Z48.23
Complications of liver transplant 996.82 Complications of liver transplant T86.40

T86.41
T86.42
T86.43
T86.49
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Diagnosis ICD-9 ICD-10

Procedure Codes

Liver transplant 50.51 Liver transplant 0FY00Z
50.59 47135

47136
3. DECOMPENSATED CIRRHOSIS
A. VARICES WITH BLEEDING
Esophageal varices with bleeding 456.0 Esophageal varices, with bleeding I85.01
Esophageal varices in diseases classified elsewhere, with 

bleeding
456.20 Gastric varices, with bleeding I86.41

B. ASCITES
Ascites 789.5 Alcoholic cirrhosis with ascites K70.31
Other ascites 789.60 Ascites in alcoholic hepatitis K70.11
Nonmalignant ascites 789.59 Ascites in toxic liver disease with 

chronic active hepatitis
K71.51

Other ascites R18.8
C. ENCEPHALOPATHY
Encephalopathy 572.2 Hepatic failure, unspecified with 

coma
K72.91

Chronic hepatitis C with hepatic coma 070.44 Encephalopathy, unspecified G93.40
Chronic failure with coma K72.11

4. DIABETES MELLITUS
Diabetes 250.00-250.92
5. ALCOHOL USE DISORDERS
Alcohol abuse disorders 305.0-305.03
Alcohol dependence 303.9-303.93
Alcohol withdrawal 291.81
Alcohol withdrawal delirium 291.0
Alcohol-induced persisting amnestic disorder 291.1
Alcohol-induced persisting dementia 291.2
Dementia associated with alcoholism 291.2x
Alcohol-induced psychotic disorder with hallucinations 291.3
Idiosyncratic alcohol intoxication 291.4
Alcohol-induced psychotic disorder with delusions 291.5
Other specified alcohol-induced mental disorders 291.8
Unspecified alcohol-induced mental disorders 291.9
Acute alcohol intoxication 303.00-301.03
Pancreatitis secondary to alcohol 577
Alcoholic polyneuropathy 357
Cardiomyopathy secondary to alcohol 425.5
Toxic effect of alcohol 980.9
Non-dependent alcohol abuse 305.00
Alcoholic fatty liver 571.0x
Acute alcoholic hepatitis 571.1x
Alcoholic liver damage, unspecified 571.3x
Alcoholic cirrhosis of liver 571.2
6. HEMOCHROMATOSIS
Hemochromatosis 275.0
7. PRIMARY BILIARY CIRRHOSIS
Primary biliary cirrhosis 571.6
8. AUTOIMMUNE HEPATITIS
Autoimmune hepatitis 571.32

9. PRIMARY SCLEROSING CHOLANGITIS

Cholangitis 576.1

APPENDIX 3. Continued
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Appendix 4
COX PROPORTIONAL HAZARDS MODEL: ASSOCIATION OF BASELINE 
AND FOLLOW-UP ALCOHOL USE MODELED AS A TIME-VARYING 
COVARIATE WITH MORTALITY AND LIVER-RELATED OUTCOMES

Mortality Adjusted 
Hazard Ratio‡

New Cirrhosis Decompensation† 
Adjusted Hazard Ratio‡

HCC Adjusted 
Hazard Ratio‡

Liver Transplantation 
Adjusted Hazard Ratio‡

Severity of alcohol use*
No use 1 1 1 1
Low-level use 0.89 (0.85-0.92) 0.87 (0.81-0.94) 0.94 (0.86-1.03) 0.12 (0.07-0.21)
Unhealthy use 1.18 (1.13-1.23) 1.33 (1.24-1.43) 0.90 (0.81-1.01) 0.10 (0.05-0.20)
Age (years)
≤57 1 1 1 1
>57-62 1.21 (1.16-1.26) 0.92 (0.86-0.98) 1.37 (1.25-1.49) 0.97 (0.78-1.20)
>62-66 1.26 (1.21-1.31) 0.90 (0.84-0.97) 1.50 (1.36-1.65) 0.73 (0.57-0.94)
>66 1.83 (1.74-1.91) 0.79 (0.72-0.87) 1.47 (1.30-1.66) 0.14 (0.08-0.24)
Male
No 1 1 1 1
Yes 1.38 (1.24-1.53) 1.02 (0.87-1.20) 1.58 (1.21-2.06) 1.19 (0.67-2.13)
Race/ethnicity
White, non-Hispanic 1 1 1 1
Black, non-Hispanic 0.76 (0.73-0.80) 0.69 (0.64-0.75) 0.93 (0.85-1.02) 0.75 (0.57-0.98)
Hispanic 0.81 (0.77-0.86) 0.92 (0.84-1.00) 1.14 (1.02-1.28) 0.83 (0.61-1.13)
Other 1.00 (0.90-1.11) 0.94 (0.78-1.12) 1.27 (1.02-1.58) 0.89 (0.47-1.67)
Declined/missing 1.04 (0.98-1.11) 0.94 (0.83-1.06) 0.94 (0.80-1.11) 0.76 (0.48-1.21)
Body mass index (kg/m2)
≤25.1 1.23 (1.18-1.28) 0.93 (0.86-1.01) 1.02 (0.93-1.13) 0.60 (0.43-0.82)
25.1 to ≤28.7 1 1 1 1
28.7 to ≤33.0 0.93 (0.89-0.97) 0.99 (0.92-1.06) 0.91 (0.83-1.00) 1.22 (0.96-1.55)
>33.0 0.93 (0.89-0.97) 1.00 (0.92-1.07) 0.90 (0.82-1.00) 1.00 (0.77-1.28)
Cirrhosis etiology
HCV 1 1 1 1
ALD 0.87 (0.83-0.90) 0.91 (0.85-0.98) 0.37 (0.33-0.41) 0.62 (0.47-0.82)
NAFLD 0.84 (0.80-0.89) 0.95 (0.86-1.05) 0.43 (0.37-0.50) 1.24 (0.89-1.73)
Charlson Comorbidity Index
0 1 1 1 1
1 1.01 (0.96-1.07) 1.01 (0.92-1.11) 1.00 (0.90-1.12) 0.78 (0.56-1.08)
2 1.18 (1.11-1.25) 0.98 (0.88-1.09) 1.10 (0.97-1.24) 0.77 (0.53-1.13)
>2 1.40 (1.33-1.47) 1.21 (1.11-1.33) 1.05 (0.94-1.18) 0.96 (0.71-1.32)
Decompensated cirrhosis
No 1 - 1 1
Yes 1.13 (1.09-1.17) -- 1.11 (1.02-1.22) 1.44 (1.17-1.78)
HCC
No 1 1 - 1
Yes 1.82 (1.71-1.94) 1.42 (1.26-1.60) - 4.82 (3.68-6.31)
History of SVR
No 1 1 1 1
Yes 1.47 (1.33-1.63) 1.13 (0.93-1.36) 0.88 (0.72-1.07) 1.67 (0.92-3.04)

SVR

1 1 1 1

0.41 (0.39-0.44) 0.54 (0.48-0.60) 0.76 (0.69-0.85) 0.47 (0.34-0.66)
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*Baseline severity of alcohol use defined by AUDIT-C score recorded within 1 year of entry into the cohort: nondrinking: AUDIT-C 
score 0; low-level drinking: AUDIT-C score 1-3 in men, 1-2 in women; and unhealthy drinking: AUDIT-C score 4-12 in men, 3-12 in 
women.
†Defined as new ascites, encephalopathy, or variceal bleeding.
‡Adjusted for cirrhosis etiology, history of decompensated cirrhosis, history of HCC, history of SVR, SVR (time-varying), Charlson 
Comorbidity Index, age, sex, race/ethnicity, body mass index, HIV infection, HBV infection, diabetes mellitus, platelet count, bilirubin, 
creatinine, albumin, AST/√ALT ratio, INR, and hemoglobin levels.

Mortality Adjusted 
Hazard Ratio‡

New Cirrhosis Decompensation† 
Adjusted Hazard Ratio‡

HCC Adjusted 
Hazard Ratio‡

Liver Transplantation 
Adjusted Hazard Ratio‡

Diabetes
No 1 1 1 1
Yes 1.17 (1.13-1.21) 1.35 (1.27-1.44) 1.17 (1.08-1.27) 1.17(0.95-1.44)
HIV co-infection
No 1 1 1 1
Yes 0.81 (0.71-0.91) 0.76 (0.61-0.95) 0.60 (0.44-0.82) 0.35 (0.11-1.11)
HBV co-infection
No 1 1 1 1
Yes 1.05 (0.98-1.13) 0.95 (0.83-1.09) 1.09 (0.93-1.27) 0.61 (0.36-1.03)
Platelet count (k/µL)
>187 1 1 1 1
>133-187 1.01 (0.97-1.06) 1.51 (1.36-1.67) 1.50 (1.32-1.70) 1.68 (1.07-2.64)
>89-133 1.10 (1.05-1.15) 2.09 (1.90-2.31) 1.91 (1.69-2.17) 2.09 (1.36-3.20)
≤89 1.22 (1.17-1.28) 2.60 (2.35-2.87) 2.34 (2.06-2.66) 3.19 (2.10-4.86)
Bilirubin (g/dL)
≤0.6 1 1 1 1
>0.6 to 0.9 1.02 (0.98-1.06) 1.15 (1.06-1.25) 0.98 (0.89-1.09) 1.04 (0.72-1.50)
>0.9 to 1.38 1.14 (1.08-1.19) 1.30 (1.19-1.42) 1.20 (1.08-1.34) 1.62 (1.14-2.32)
>1.38 1.18 (1.12-1.24) 1.44 (1.32-1.57) 1.07 (0.96-1.20) 2.67 (1.90-3.77)
Creatinine (mg/dL)
≤0.79 1 1 1 1
>0.79 to 0.9 0.89 (0.86-0.93) 1.01 (0.94-1.08) 1.03 (0.94-1.12) 1.29 (1.01-1.65)
>0.9 to 1.1 0.90 (0.86-0.94) 0.98 (0.91-1.06) 0.91 (0.82-1.00) 1.34 (1.03-1.74)
>1.1 1.12 (1.08-1.17) 1.01 (0.93-1.10) 0.76 (0.68-0.85) 1.59 (1.20-2.11)
Albumin (g/dL)
>4.1 1 1 1 1
>3.7 to 4.1 1.22 (1.16-1.28) 1.37 (1.24-1.51) 1.35 (1.19-1.52) 1.37 (0.88-2.15)
>3.2 to 3.7 1.68 (1.60-1.77) 1.82 (1.65-2.00) 1.74 (1.54-1.96) 1.95 (1.27-2.99)
≤3.2 2.22 (2.10-2.34) 2.22 (2.00-2.47) 2.05 (1.79-2.35) 2.86 (1.83-4.46)
AST/√ALT ratio
≤5.5 1 1 1 1
>5.5 to 7.42 1.14 (1.09-1.19) 1.45 (1.32-1.60) 1.48 (1.30-1.69) 1.65 (1.10-2.46)
>7.42 to 10.42 1.30 (1.24-1.36) 1.90 (1.72-2.09) 2.25 (1.98-2.56) 1.83 (1.22-2.74)
>10.42 1.47 (1.39-1.55) 2.36 (2.13-2.62) 2.34 (2.04-2.68) 2.32 (1.53-3.53)
INR
≤1.02 1 1 1 1
>1.02 to 1.1 1.06 (1.02-1.11) 1.27 (1.16-1.39) 1.27 (1.14-1.41) 1.01 (0.68-1.49)
>1.1 to 1.3 1.21 (1.16-1.26) 1.58 (1.45-1.72) 1.34 (1.21-1.49) 1.52 (1.06-2.18)
>1.3 1.37 (1.30-1.44) 1.53 (1.38-1.69) 1.20 (1.05-1.36) 1.94 (1.33-2.85)
Hemoglobin (g/dL)
≤12.2 1 1 1 1
>12.2 to 13.7 0.84 (0.81-0.88) 0.81 (0.75-0.87) 1.01 (0.91-1.12) 0.68 (0.53-0.87)
>13.7 to 14.9 0.76 (0.73-0.80) 0.71 (0.65-0.77) 1.11 (1.00-1.24) 0.85 (0.65-1.10)

>14.9 0.75 (0.71-0.78) 0.65 (0.59-0.71) 1.23 (1.10-1.37) 0.79 (0.59-1.07)
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