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Alcohol Use and Long-Term Outcomes 
Among U.S. Veterans Who Received 
Direct-Acting Antivirals for Hepatitis C 
Treatment
Nicole J. Kim ,1 Meredith Pearson,1 Philip Vutien,1 Feng Su,1 Andrew M. Moon ,2 Kristin Berry,3 Pamela K. Green,3 
Emily C. Williams,3,4 and George N. Ioannou 1,5

Outcomes related to alcohol use after hepatitis C virus (HCV) treatment are unknown in the direct-acting antiviral 
(DAA) era. We assessed levels of alcohol use before and after HCV treatment and their association with long-term 
outcomes in a cohort of U.S. veterans. In this retrospective cohort analysis, 29,037 patients who initiated DAA regi-
mens between 2013 and 2015 were followed for a mean of 3.04 years. We categorized alcohol use into three categories 
(nondrinking, low-level drinking, and unhealthy drinking) using Alcohol Use Disorders Identification Test-Consumption 
questionnaires administered within 1 year before (baseline) and after treatment. Multivariable Cox proportional hazards 
regression was used to determine the associations between alcohol use and mortality or liver-related outcomes. Before 
DAA treatment, 68% of veterans reported nondrinking, 22.9% reported low-level drinking, and 9.1% reported un-
healthy drinking. Compared to patients with baseline non-drinking, those with unhealthy drinking had a higher risk 
of mortality (adjusted hazard ratio [HR] 1.53, 95% confidence interval [CI]: 1.34-1.75) and decompensated cirrhosis 
(adjusted HR 1.30, 95% CI: 1.06-1.59) and lower likelihood of liver transplantation (adjusted HR 0.24, 95% CI: 0.06-
0.92). These associations were greater in patients without sustained virologic response than in those with sustained 
virologic response. When alcohol use before and after treatment was modeled as a time-varying covariate, similar as-
sociations were observed. Survival analysis also found that unhealthy drinking was significantly associated with a lower 
probability of survival compared with nondrinking. Low-level alcohol use was not associated with increased risk of 
adverse outcomes. Conclusion: In this large cohort of U.S. veterans with HCV who received DAAs, unhealthy drinking 
was common and associated with a higher risk of posttreatment mortality. Interventions to achieve alcohol cessation 
before and during antiviral treatment should be encouraged. (Hepatology Communications 2020;4:314-324).

Alcohol use in the presence of hepatitis C virus 
(HCV) infection can have detrimental effects 
on the progression of liver disease. Alcohol 

appears to have a synergistic effect, with HCV leading 

to faster progression of liver fibrosis,(1) higher rates of 
cirrhosis,(2) and higher rates of overall and liver-related 
mortality.(3) Although the interaction between alcohol 
and HCV remains unclear, some proposed pathways 
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include alcohol increasing oxidative stress and chang-
ing the microbiome leading to inflammatory cyto-
kines.(4) Both the American Association for the Study 
of Liver Diseases and the Infectious Diseases Society 
of America therefore recommend counseling all per-
sons with active HCV infection to abstain from alco-
hol use to minimize liver disease progression.(5)

The introduction of direct-acting antiviral (DAA) 
therapies has dramatically increased both HCV treat-
ment and cure rates, with sustained virologic response 
(SVR) rates now over 92%.(6) During the interferon- 
based antiviral therapy era, heavy alcohol use was 
associated with lower rates of SVR; therefore, HCV 
was often not treated until abstinence from alcohol 
was achieved.(7) However, in a previous study among 
U.S. veterans treated with DAAs, SVR did not sig-
nificantly differ between those reporting no alcohol 
use and any alcohol use.(8) Thus, although every effort 
should be made to help HCV-infected patients reduce 
or stop alcohol completely, DAA treatment should 
not be postponed until abstinence is achieved.

Still, much remains unknown about alcohol use 
among patients with HCV. Specifically, patterns of 
alcohol consumption before and after DAA ther-
apy have not been described, and it is unknown 
whether patients treated with DAAs who drink alco-
hol change their use after treatment. Furthermore, 
although successful DAA therapy has been associated 
with lower rates of hepatocellular carcinoma (HCC) 
and mortality,(9,10) and may also influence regression 
of liver fibrosis, improve portal hypertension, and 
reduce extrahepatic manifestations of liver disease,(11)  
a substantial proportion of patients who achieve 
SVR still develop HCC, cirrhosis, or cirrhosis-related 

complications. Because alcohol influences these con-
ditions, studies are needed to understand the extent 
to which alcohol use—both before and after DAA 
treatment—increases the risk for these adverse out-
comes in patients with and without SVR. Therefore, 
we aimed to describe patterns of alcohol use before 
and after DAA treatment in a national cohort of U.S. 
veterans and evaluate the association between severity 
of alcohol use and mortality and adverse liver-related 
outcomes.

Patients and Methods
Data souRCe anD patient 
population

The U.S. Veterans Health Administration is the 
largest integrated healthcare system in the U.S. and 
provides health care to approximately 9 million vet-
erans each year, at 168 Veteran Affairs (VA) Medical 
Centers and 1,053 outpatient clinics. Laboratory 
tests, demographics, comorbidities, alcohol use ques-
tionnaires, and pharmacy/clinical outcomes data were 
extracted from the VA’s Corporate Data Warehouse, a 
data repository derived from the VA’s electronic med-
ical records.

We identified 38,093 veterans with HCV who 
had received DAA-only regimens from the VA 
between 2013 and 2015. Of these, 5,162 patients were 
excluded, as they did not have Alcohol Use Disorders 
Identification Test–Consumption (AUDIT-C) scores 
(a measure of alcohol use described later) within  
1 year before or after DAA treatment. Furthermore, 
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3 patients died within 180 days of starting antiviral 
treatment, 1 had less than 180 days of follow-up, 825 
received a liver transplant before treatment, and 1,986 
had missing SVR data. The final study cohort therefore 
included 29,037 patients who initiated 30,116 regi-
mens during the study period, including 26,028 who 
achieved SVR. For patients who received more than 
one regimen, only the first was analyzed. The most 
common DAA regimen prescribed was sofosbuvir/
ledipasvir (58.4%) followed by paritaprevir/ritonavir/
ombitasvir/dasabuvir (18.8%), sofosbuvir (±daclatasvir)  
(13.3%), and sofosbuvir/simeprevir (9.6%). This study 
was approved by the institutional review board of the 
VA Puget Sound Health Care System.

assessment oF alCoHol use
Alcohol use was assessed using the AUDIT-C 

questionnaire, which is a validated screening tool 
for identifying unhealthy alcohol use (Supporting  
Table S1).(12,13) Scores ranged from 0-12, with 0 
indicating nondrinking and higher scores reflecting 
greater amounts of alcohol consumption.(12) Since 
2004, AUDIT-C has been used to screen most VA 
outpatients for unhealthy alcohol use annually and is 
therefore available in electronic health record data.(14) 
Baseline alcohol use was defined by AUDIT-C score 
reported within 1 year before initiation of antiviral 
treatment and classified into three categories: non-
drinking (score of 0), low-level drinking (score of 
1-3 in men, 1-2 in women), and unhealthy drink-
ing (score of 4-12 in men, 3-12 in women).(8,15) We 
also extracted all AUDIT-C scores recorded at least 
3 months after treatment completion and catego-
rized them as previously, in order to model changes in 
AUDIT-C scores over time.

outCome measuRes
Patients were followed starting 180 days after initia-

tion of antiviral treatment and up to until February 14, 
2019 (mean follow-up 3.04 years), to assess outcomes. 
Outcomes included death from any etiology, develop-
ment of cirrhosis, decompensated cirrhosis (defined as 
development of variceal bleeding, hepatic encephalop-
athy, ascites, spontaneous bacterial peritonitis, hepa-
torenal syndrome and hepatopulmonary syndrome), 
HCC, and receipt of liver transplantation. These out-
comes were defined using appropriate International 

Classification of Diseases, Ninth Revision (ICD-9)/
ICD, Tenth Revision (ICD-10) codes (Supporting 
Table S2) recorded at least twice during follow-up 
in inpatient or outpatient medical records, and this 
method has been used and validated by us and other 
investigators in multiple studies. Because patients 
receiving liver transplantation are transplanted at very 
high Model for End-Stage Liver Disease (MELD) 
scores and their survival would have been negligible 
without transplantation, we also analyzed death or 
liver transplantation first, as a combined single out-
come, and second, as competing risks. As the hazard 
ratios (HRs) were similar between the two models, we 
reported death or liver transplantation as a combined 
outcome.

otHeR patient 
CHaRaCteRistiCs

We defined SVR as a nondetectable serum HCV 
RNA level at least 12 weeks after HCV treatment 
completion. Age, sex, race/ethnicity, body mass index 
(BMI), HCV regimen, receipt of prior antiviral treat-
ment, HCV genotype, and comorbidities includ-
ing diabetes, hepatitis B virus (HBV) co-infection, 
human immunodeficiency virus (HIV) co-infection, 
nonalcohol substance use disorder, depression, anxiety, 
and posttraumatic stress disorder were also extracted 
as covariates. Comorbidities were included if docu-
mented at least twice before initiating antiviral treat-
ment based on ICD-9/1CD-10 codes. The Charlson 
comorbidity index (Supporting Table S1) was calcu-
lated using appropriate ICD-9/10 codes to capture 
and adjust for the overall burden of comorbidities.(16,17)

statistiCal analysis
Multivariable Cox proportional hazards regression 

was used to assess for associations between severity 
of pretreatment alcohol use (AUDIT-C score within  
1 year before treatment) and overall mortality or each 
of the liver-related outcomes listed previously. Patients 
were censored at time of death, liver transplantation, 
or last follow-up visit at the VA.

We also modeled the pretreatment AUDIT-C 
score and all available AUDIT-C scores after treat-
ment completion as a time-varying covariate, to cap-
ture the effect of any changes in alcohol consumption 
over time on outcomes. In this analysis, each patient is 
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analyzed under a particular AUDIT-C category only 
for the time period that they are in that category. For 
example, a patient who reported unhealthy alcohol use 
before treatment but then reported no alcohol con-
sumption at time t after treatment is analyzed under 
unhealthy drinking from time 0 to time t and under 
nondrinking after time t.

We adjusted for the following potential confound-
ers that may be associated with both alcohol con-
sumption and risk of adverse liver-related outcomes: 
SVR, history of cirrhosis or decompensated cirrhosis 
or HCC, Charlson comorbidity index, age, sex, race/
ethnicity, BMI, HCV genotype, HIV, HBV, diabe-
tes, platelet count, serum bilirubin, serum creatinine, 
serum albumin, serum aspartate aminotransferase 
(AST)/√alanine aminotransferase (ALT) ratio, blood 
international normalized ratio (INR), and blood 
hemoglobin level. Continuous variables were catego-
rized and modeled as dummy categorical variables. 
Survival analyses were stratified by the VA facility at 
which the antiviral treatment was administered.

We performed analyses for the entire population 
and by clinically meaningful subgroups defined by 
SVR or cirrhosis status. All patients were included 
in the analysis of mortality. However, patients who 
already had a specific outcome before treatment were 
excluded from the analysis of that outcome (e.g., 
patients who had cirrhosis at baseline were excluded 
from the analysis of cirrhosis risk).

Results
CHaRaCteRistiCs oF stuDy 
population

Among the 29,037 DAA-treated patients, the 
mean age was 61.1 years (SD 6.4 years) and 97% 
were male, 52% non-Hispanic white, 33% non- 
Hispanic black, 5% Hispanic, and 2% other race/ethnicity.  
The mean BMI was 28.2%, and 30% had diabetes, 
28%-48% had a psychiatric comorbidity, and 39% had 
nonalcohol substance use disorder. Nearly a quarter of 
veterans had previously received HCV antiviral therapy, 
and 30.5% had cirrhosis prior to DAA treatment. At 
baseline, 68% of veterans reported nondrinking, 23% 
reported low-level drinking, and 9% reported unhealthy 
drinking before DAA treatment. Patients with 
unhealthy drinking tended to be younger (59.5 years  

vs. 61 years vs. 61.3 years; P  <  0.001), non-Hispanic 
white (56.9% vs. 50.2% vs. 52.3%; P  <  0.001), and 
have a lower BMI (27.2 vs. 28.1 vs. 28.4; P < 0.001), 
lower rate of diabetes (18.9% vs. 27.7% vs. 32.3%; 
P < 0.001), higher rate of other substance use (44.4% 
vs. 34.4% vs. 39.3%; P  <  0.001), and a lower pro-
portion of MELD score of 9 or higher (24% vs.  
25.8% vs. 31.2%; P  <  0.001) and Charlson comor-
bidity index score of 2 or higher (25.6% vs. 28.1% 
vs. 32.2%; P  <  0.001) than patients with low-level 
drinking or nondrinking. Baseline rates of cirrhosis 
and HCC were highest among nondrinking veterans 
followed by unhealthy drinking then low-level drink-
ing (P < 0.001). There was no difference in SVR rates 
by alcohol use. Other characteristics by overall cohort 
and baseline severity of alcohol use are summarized 
in Table 1.

CHange in alCoHol use aFteR 
Daa tReatment

Veterans decreased unhealthy alcohol use after 
DAA treatment (as measured within 1 year after 
treatment) regardless of SVR and cirrhosis status. In 
the overall cohort, there was a 1.4% decline (9.1% to 
7.7%) in unhealthy drinking after treatment. Among 
those with and without SVR, there was a 1.4% and 
2.4% decline in unhealthy drinking, respectively. In 
patients with and without cirrhosis, there was a 1.5% 
decline in unhealthy drinking. Patterns of alcohol 
use before and after treatment are summarized in 
Supporting Table S3. Interestingly, we observed that 
the shift in alcohol use was more likely to go from 
unhealthy use to nondrinking in patients who did not 
achieve SVR and in those with cirrhosis. In patients 
who did achieve SVR or did not have cirrhosis, we 
observed the shift in alcohol use go from unhealthy 
use to both low-level and nondrinking (Fig. 1).

assoCiations BetWeen 
alCoHol use anD moRtality 
oR aDVeRse liVeR-RelateD 
outComes

During a mean follow-up of 3.04 years, there were 
2,524 deaths, 1,411 patients who developed cirrho-
sis, 1,217 patients who developed decompensated 
cirrhosis, 937 patients who developed HCC, and 
100 patients who underwent liver transplantation 
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(Table 2). Figure 2 shows survival curves by severity 
of alcohol use for mortality and adverse liver-related 
outcomes. Patients with baseline unhealthy drink-
ing had a significantly lower probability of survival 
at 4 years after treatment initiation than patients 

with nondrinking (P  <  0.001). However, there was 
no statistically significant difference in the presence 
of cirrhosis, decompensated cirrhosis, and HCC on 
survival analysis. On multivariable Cox proportional 
hazards regression, compared with patients with 

taBle 1. Baseline CHaRaCteRistiCs oF HCV-inFeCteD VeteRans aCCoRDing to alCoHol use 
BeFoRe Daa-only tReatment

Characteristics at Antiviral 
Treatment Initiation

Total

Baseline Severity of Alcohol Use†

P Value*

Nondrinking Low-Level Drinking Unhealthy Drinking

n = 29,037 n = 19,447 n = 6,804 n = 2,786

Age (years; mean ± SD) 61.1 ± 6.4 61.3 ± 6.3 61.0 ± 6.5 59.5 ± 6.8 <0.001

Male (%) 96.7 96.7 97 96.2 0.08

Race/ethnicity (%) <0.001

White, non-Hispanic 52.3 52.3 50.3 56.9

Black, non-Hispanic 33.2 32.9 35.6 28.9

Hispanic 5.3 5.3 5.4 4.7

Other 1.7 1.6 1.7 2

Declined/missing 7.6 7.8 6.9 7.5

BMI (kg/m2; mean ± SD) 28.2 ± 5.4 28.4 ± 5.5 28.1 ± 5.4 27.2 ± 5.0 <0.001

Diabetes (%) 30 32.3 27.7 18.9 <0.001

Depression (%) 47.7 49.6 42.4 47.7 <0.001

Anxiety (%) 34.5 36.2 29.7 33.8 <0.001

PTSD (%) 27.7 29.5 23.3 26.2 <0.001

Nonalcohol substance use disorder 
(%)

38.6 39.3 34.4 44.4 <0.001

HBV co-infection (%) 1 1 1 1.2 0.74

HIV co-infection (%) 4.2 4.2 4.5 3.4 0.04

Charlson comorbidity index (%) <0.001

0 18.1 18.7 17.5 15.5

1 32.5 30.6 35.4 39

2 18.8 18.5 18.9 19.8

>2 30.6 32.2 28.1 25.6

Cirrhosis (%) 30.5 33.8 23.4 25.2 <0.001

Decompensated cirrhosis (%) 0.1 0.1 0 0.1 0.13

HCC (%) 2.4 2.8 1.5 1.9 <0.001

HCV genotype (%) 0.03

1 83.9 83.9 84.6 82

2 9.1 9.1 8.8 10.2

3 5 4.9 4.6 6

4 0.8 0.8 0.8 0.5

Missing 1.3 1.3 1.2 1.3

Before antiviral treatment (%) 23.2 26 19 14.1 <0.001

MELD score ≥ 9 (%) 29.3 31.2 25.8 24 <0.001

SVR 89.6 89.5 90.2 88.9 0.10

*P value considered statistically significant if less than 0.05.
†Baseline severity of alcohol use defined by AUDIT-C score recorded within 1 year before antiviral treatment: 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.
Abbreviation: PTSD, post-traumatic stress disorder.
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baseline nondrinking, those with unhealthy use had 
a higher risk of mortality (adjusted HR 1.53, 95% 
confidence interval [CI]: 1.34-1.75) and decompen-
sated cirrhosis (HR 1.30, 95% CI: 1.06-1.59), and a 
lower likelihood of liver transplantation (HR 0.24, 
95% CI: 0.06-0.92). Unhealthy drinking was also 
associated with a higher risk of the combined out-
come of liver transplantation or death (HR 1.44, 95% 
CI: 1.26-1.65). When alcohol use was modeled as a 
time-varying covariate, we observed similar associ-
ations (Table 3). Compared with patients reporting 
nondrinking, those reporting unhealthy drinking had 
a higher risk of mortality (HR 1.43, 95% CI: 1.21-
1.66) and decompensated cirrhosis (HR 1.42, 95% 
CI: 1.08-1.87). There was no difference in the risk 
of cirrhosis or HCC between unhealthy drinking 
and nondrinking based on baseline alcohol use or 
time-varying covariate modelling.

Compared with baseline nondrinking, low-level 
drinking was not associated with an increased risk of 
any adverse outcomes, but was associated with a lower 
likelihood of liver transplantation (HR 0.48, 95% CI: 
0.23-0.98). On survival analysis, low-level drinking 
was associated with a lower probability of mortality, 

cirrhosis, decompensated cirrhosis, and HCC than 
nondrinking at 4 years after treatment initiation.

assoCiations BetWeen 
alCoHol use anD outComes 
among patients By sVR status

Among patients who achieved SVR, baseline 
unhealthy alcohol use was associated with a higher 
risk of mortality (HR 1.45, 95% CI: 1.25-1.68) com-
pared with nondrinking (Fig. 3, Supporting Table S4), 
but no differences in risk of cirrhosis, decompensated 
cirrhosis, or HCC were observed. Relative to non-
drinking, low-level drinking was not associated with 
an increased risk of any adverse outcomes.

Among patients who did not achieve SVR, baseline 
unhealthy alcohol use was associated with a higher 
risk of mortality (HR 1.96, 95% CI: 1.46-2.65) and 
decompensated cirrhosis (HR 1.84, 95% CI: 1.24-
2.71) relative to baseline nondrinking, but no differ-
ences were observed in the risk of HCC or cirrhosis 
(Fig. 3, Supporting Table S4). Relative to nondrink-
ing, low-level drinking was not associated with an 
increased risk of adverse outcomes.

Fig. 1. Change in alcohol use before and after receipt of HCV treatment. (Alcohol use defined by AUDIT-C score recorded within 1 
year before treatment and 3-12 months after treatment completion.)
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assoCiations BetWeen 
alCoHol use anD outComes 
among patients WitH 
CiRRHosis

Among patients with cirrhosis, baseline unhealthy 
alcohol use was associated with a higher risk of mor-
tality (HR 1.59, 95% CI: 1.30-1.94), HCC (HR 1.35, 
95% CI: 1.02-1.79), and decompensated cirrhosis 
(HR 1.28, 95% CI: 1.01-1.62) relative to nondrinking 
(Fig. 3, Supporting Table S4). Low-level drinking was 
not associated with an increased risk of adverse out-
comes relative to nondrinking.

Discussion
HCV-related mortality in the United States has 

recently decreased partly due to increased access to 
successful DAA regimens.(18) DAA treatment has 
been associated with a reduction in all-cause mortal-
ity and HCC, and DAAs can be offered to patients 
even when they use alcohol.(19) However, the burden 
of alcohol use among patients with HCV remains 
significant, and the long-term impact of alcohol use 
on the risk of death and other adverse outcomes 
after HCV treatment has not been previously stud-
ied. In this large cohort of 29,037 U.S. veterans 

taBle 2. assoCiation oF pRetReatment alCoHol use WitH moRtality anD liVeR-RelateD 
outComes in all patients

Severity of Alcohol 
Use*

Number of 
Patients (%) Patient-Years (P-Y)

Number With 
Outcome (%)

Incidence  
(per 100 P-Y) HR Adjusted HR†

Mortality
Nondrinking 19,448 (67.0) 62,035 1,727 (8.9) 2.97 1 1

Low-level drinking 6,808 (23.4) 21,084 489 (7.2) 2.39 0.81 (0.73-0.90) 0.96 (0.86-1.07)

Unhealthy drinking 2,781 (9.6) 8,309 308 (11.1) 3.83 1.32 (1.17-1.48) 1.53 (1.34-1.75)

Cirrhosis
Nondrinking 12,080 (63.6) 35,613 934 (7.7) 2.7 1 1

Low-level drinking 4,950 (26.1) 14,498 328 (6.6) 2.32 0.85 (0.75-0.97) 0.91 (0.79-1.04)

Unhealthy drinking 1,958 (10.3) 5,583 149 (7.6) 2.74 0.99 (0.84-1.18) 1.04 (0.87-1.24)

Decompensated cirrhosis‡

Nondrinking 19,206 (66.9) 59,573 898 (4.7) 1.66 1 1

Low-level drinking 6,760 (23.5) 20,604 205 (3.0) 1.03 0.62 (0.53-0.72) 0.94 (0.80-1.11)

Unhealthy drinking 2,743 (9.6) 8,025 114 (4.2) 1.48 0.89 (0.73-1.08) 1.30 (1.06-1.59)

HCC
Nondrinking 18,898 (66.7) 59,374 671 (3.6) 1.24 1 1

Low-level drinking 6,702 (23.7) 20,508 175 (2.6) 0.9 0.73 (0.62-0.86) 0.99 (0.83-1.19)

Unhealthy drinking 2,726 (9.6) 8,026 91 (3.3) 1.2 0.97 (0.78-1.21) 1.25 (0.98-1.58)

Liver transplantation
Nondrinking 19,420 (67.0) 61,678 89 (0.5) 0.17 1 1

Low-level drinking 6,804 (23.5) 21,031 9 (0.1) 0.04 0.25 (0.13-0.50) 0.48 (0.23-0.98)

Unhealthy drinking 2,780 (9.6) 8,289 2 (0.1) 0.02 0.14 (0.03-0.56) 0.24 (0.06-0.92)

Liver transplantation or death
Nondrinking 19,420 (67.0) 61,693 1,816 (9.4) 3.15 1 1

Low-level drinking 6,804 (23.5) 21,046 498 (7.3) 2.43 0.78 (0.71-0.86) 0.93 (0.83-1.03)

Unhealthy drinking 2,780 (9.6) 8,305 310 (11.2) 3.85 1.24 (1.10-1.40) 1.44 (1.26-1.65)

*Baseline severity of alcohol use defined by AUDIT-C score recorded within 1 year before antiviral treatment: 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.
†Adjusted for SVR, history of cirrhosis or decompensated cirrhosis or HCC, age, sex, race/ethnicity, BMI, HCV genotype, HIV co-
infection, HBV co-infection, Charlson comorbidity index, type 2 diabetes mellitus, platelet count, serum bilirubin, serum creatinine, serum 
albumin, serum AST/√ALT ratio, blood INR, and blood hemoglobin levels.
‡Decompensated cirrhosis defined by ascites, spontaneous bacterial peritonitis, hepatic encephalopathy, bleeding varices, hepatorenal syn-
drome, and hepatopulmonary syndrome.
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who underwent DAA treatment and were followed 
for a mean of 3.04 years after treatment, we extend 
our knowledge of the associations between alcohol 
use and long-term outcomes in several ways. First, 
we showed that unhealthy alcohol use was common 
before antiviral treatment (9.1%) and decreased only 
slightly to 7.7% after antiviral treatment. Second, we 
found that unhealthy alcohol use was associated with 
an increased risk of mortality and decompensated cir-
rhosis after DAA therapy, relative to nondrinking. As 
expected, we found that nondrinking Veterans had 
slightly higher rates of baseline cirrhosis compared 
with low-level-drinking and unhealthy-drinking vet-
erans (as they may have stopped drinking alcohol due 
to their cirrhosis diagnosis), but we found that even 
after adjusting for potential confounders including 
cirrhosis status, unhealthy alcohol use was associated 
with adverse outcomes after therapy. Furthermore, the 
magnitude of these associations appeared to be greater 
in patients who did not achieve SVR and in those 
with underlying cirrhosis. These findings demonstrate 

increased long-term risk for patients with unhealthy 
alcohol use even after HCV treatment with DAA 
therapy and highlight the need for improved strat-
egies to achieve alcohol cessation before and during 
antiviral treatment.

We observed that the risk of adverse outcomes was 
greater among nonresponders to DAA therapies and 
those already with advanced liver disease. This is par-
ticularly concerning, as an unprecedented number of 
patients with cirrhosis are now receiving HCV treat-
ment in the DAA era. In a recent multicenter study, 
among patients with HCV diagnosis, the incidence of 
decompensated cirrhosis was higher among patients 
with alcohol use disorder.(20) Two additional smaller 
studies also found that alcohol in the presence of 
HCV and HBV cirrhosis, respectively, increases the 
risk of HCC.(21,22) We therefore add to the grow-
ing international literature that alcohol use may have 
more severe effects in subgroups of patients, including 
those who do not respond to treatment or have more 
advanced liver disease prior to therapy.

Fig. 2. Survival curves for mortality (A), cirrhosis (B), decompensated cirrhosis (C), and HCC (D) by severity of alcohol use. *P value 
considered statistically significant if less than 0.05.
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We found two additional interesting findings. 
First, both low-level and unhealthy alcohol use were 
associated with a lower likelihood of liver transplan-
tation, relative to those reporting nondrinking. This 
finding may reflect U.S. transplant programs’ prac-
tice of excluding patients from transplant lists if they 
are actively drinking. In a recent survey of 49 United 
Network for Organ Sharing–approved transplant pro-
grams, 43% of programs required a period of absti-
nence before transplantation.(23) Second, we found 
a small reduction in unhealthy drinking after DAA 
treatment in the overall cohort and all subgroups by 
SVR and cirrhosis status. In the pegylated interferon 
era, the data have been mixed regarding patterns of 
alcohol use after therapy.(24,25) In our study, there was 
a 1.5%-2.4% absolute reduction in unhealthy alco-
hol use across subgroups, with the greatest reduction 
among patients who did not achieve SVR. Although 
we were unable to assess for predictors or the statis-
tical significance of the changes in alcohol use, we 
observed that receipt of DAA therapy may influence 
posttreatment alcohol use.

Our findings have key clinical implications. In the 
VA health care system, alcohol abstinence is appropri-
ately not required before initiation of DAA regimens, 
because alcohol use does not substantially affect SVR 
rates. However, it is remarkable that such a high pro-
portion of HCV-infected patients reported low-level 
drinking and even unhealthy drinking, when all pro-
fessional guidelines recommend complete abstinence. 
We therefore believe that the time period before 
and during antiviral therapy should be considered 
an “actionable moment,” when providers can engage 
patients to achieve long-term alcohol abstinence to 
minimize the increased mortality and morbidity asso-
ciated with alcohol use as described in our study. In 
patients who screen positive for unhealthy alcohol 
use, the U.S. Preventive Services Task Force already 
recommends brief intervention for treatment.(26) 
Multiple evidence-based interventions including psy-
chosocial counseling and pharmacotherapy are also 
available to address unhealthy drinking.(27) However, 
interventions to address alcohol use have rarely been 
delivered to patients with HCV(28) despite findings 
that concurrent HCV and addiction treatment can be 
transformative, and that alcohol use is associated with 
lower quality of life and functional status.(29) HCV 
treatment—typically delivered over multiple visits—
may therefore provide timely opportunities to deliver 
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and better integrate evidence-based alcohol-related 
interventions in HCV treatment clinics. Furthermore, 
the risks associated with alcohol use that we identified 
in the present study could be incorporated into feed-
back provided to patients with concurrent HCV and 
unhealthy alcohol use during treatment.

Our study has several limitations. First, our find-
ings may not be generalizable to women as most 
of our cohort was male. Second, our findings are 
also not generalizable to patients with missing 
AUDIT-C and SVR data, as these patients were 
excluded from our analysis. Although we did conduct 
a comparison of patients with and without miss-
ing AUDIT-C scores and found that both groups 
of patients were similar (Supporting Table S5),  
we recognize that excluded patients may have had 
other differing factors that could have contributed 
to their subsequent loss to follow-up. Third, despite 
the use of a validated screening tool, AUDIT-C 
screening done at a given time point is still self- 
reported and may not accurately reflect levels of 
alcohol consumption in an individual due to recall 
bias or social desirability bias.(30) However, as 
AUDIT-C scores were not linked to HCV or treat-
ment in our cohort, our patients were more likely 
to be truthful in their report. We were also able to 
improve our assessment of alcohol use by obtain-
ing AUDIT-C scores over time (1 year before and 
at least 3 months after treatment completion) and 
incorporating time-varying covariate modeling in 
our analysis. Fourth, AUDIT-C screening requires 
patient engagement. Thus, patients who declined or 

were unable to complete the screening may not be 
adequately represented by our findings. However, 
in our study, we were able to account for most U.S. 
veterans who received DAA therapy, as remarkably 
only 13.6% (n  =  5,162) were excluded from the 
study due to missing AUDIT-C data. In addition, 
AUDIT-C scores can also be influenced by alcohol 
cessation or counseling programs, which could not 
be adjusted for in our study. Finally, our findings are 
limited to an approximately 3-year follow-up period 
after HCV treatment completion. Additional stud-
ies with a longer follow-up period as we get fur-
ther away from the introduction of DAAs will help 
evaluate whether our associations with unhealthy 
alcohol use persist further out from HCV treatment 
completion.

In summary, this large retrospective study of veter-
ans who received DAA therapy showed that unhealthy 
alcohol use is associated with a higher risk of mortal-
ity and decompensated cirrhosis, with the mortality 
risk seemingly greatest among patients who did not 
achieve SVR after DAA therapy. The increased risk 
of decompensated cirrhosis and HCC associated with 
unhealthy alcohol use was also greater among patients 
who did not achieve SVR and who had cirrhosis. 
After DAA therapy, unhealthy alcohol use appeared to 
decline, albeit by a small percentage. We recommend 
that clinicians providing HCV treatment consider the 
time period before and during antiviral therapy as an 
opportunity to engage patients in long-term absti-
nence from alcohol use, to minimize posttreatment 
mortality and morbidity.

Fig. 3. Association of alcohol use (unhealthy vs. nondrinking) with mortality and liver-related outcomes by SVR and cirrhosis status.
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