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Introduction
In the United States an estimated 2.4 million Americans have 
chronic hepatitis C [1]. Acute infection with hepatitis C virus 
(HCV) is often asymptomatic and can clear spontaneously, though 
75-85% of people will develop chronic HCV infection [2]. If left 
untreated, hepatitis C can lead to liver cirrhosis, hepatocellular 
carcinoma (HCC), and death. Complications from chronic HCV 
infection often develop after decades of infection [3]. 

The goal of chronic HCV treatment is to achieve a sustained 
virologic response (SVR), defined as an undetectable HCV RNA 
level at least 12 weeks after treatment completion. Achieving 
SVR is a marker for cured HCV infection [4]. Prior to 2014, the 
primary treatment regimens for chronic HCV infection included 

injectable pegylated interferon (PEG-IFN) and ribavirin (RBV), 
a highly toxic and medically complex regimen that few people 
were considered treatment candidates for, and tolerability was 
poor for those initiated on treatment. Specifically, alcohol use 
was contraindicated with PEG-IFN and RBV use and a 6-month 
period of alcohol abstinence prior to treatment was required. 
The 2009 American Association for the Study Liver Diseases 
(AASLD) Practice Guidelines stated that “[Current users of illicit 
drugs or alcohol] should be abstinent for a minimum period of 
6 months” [5]. 

In 2014, the Food and Drug Administration approved new oral 
medications known as direct-acting antivirals (DAA) that could be 
used without PEG-IFN and RBV [6]. The new DAA regimens were 
given for shorter durations and the safety, tolerability, and efficacy 
were significantly improved [7]. By 2019, AASLD guidelines 
no longer required alcohol abstinence prior to treatment [8]. 
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ABSTRACT
Background: Direct-acting antiviral (DAA) medications for the treatment of chronic hepatitis C virus (HCV) infection has achieved higher rates of sustained 
virologic response (SVR) with shorter treatment durations and no alcohol abstinence prerequisite. Previous therapies required alcohol abstinence for at 
least 6 months. 

Methods: Our retrospective cohort study in Veterans with chronic HCV infection presenting for care at the Joseph Maxwell Cleland Atlanta VA medical 
center (AVAMC) between 1/1/2015 – 11/29/2017 examined the relationship between alcohol use, DAA initiation, and SVR. 

Results: The cohort included 1763 people that were mostly males (97%) with a mean age of 63 years and 70% Black. In multivariate analysis, the odds of 
receiving DAA were 0.7 (95% CI: 0.674, 0.9; p=0.0013) in those with “detectable” alcohol metabolites compared with those who had “undetectable” alcohol 
metabolites. The odds of achieving SVR were 0.7 (95% CI: 0.5, 1.0; p=0.0525) in those with “detectable” alcohol metabolites. Overall, 86% of patients who 
received DAA therapy achieved SVR. 

Conclusions: Alcohol use categorized using urine alcohol metabolite testing, during the study period was associated with a significantly lower odds of 
receiving DAA therapy but had no statistical significance on the odds of achieving SVR. While patients with chronic hepatitis C should be counseled on 
the risks of alcohol use, it is not associated with lower likelihood of achieving SVR and should not preclude the initiation of DAA therapy.
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Currently, more than 95% achieve SVR with DAA treatment [9]. 
By reducing barriers and initiating treatment sooner, complications 
from chronic HCV infection can be avoided [3]. 

The Veterans Health Administration (VA) is a federal healthcare 
system that provides care to eligible and enrolled US Veterans. 
VA is the largest single provider of HCV care in the United States 
[10]. Among patients in the VA, chronic HCV is three times more 
prevalent compared with the general U.S. population [11]. In the 
VA, patients have high rates of psychiatric disorders and substance 
abuse and 67.8% of VA patients were not eligible for PEG-IFN 
and RBV treatment [12]. In 2013, only 23% of HCV patients in 
the VA had ever received interferon-based antiviral treatment [3]. 

Many patients were ineligible for interferon-based therapy because 
of alcohol use. We sought to examine the prevalence of alcohol use 
and the association of alcohol use with receipt of DAA therapy and 
achievement of SVR among patients with chronic HCV infection 
at the Joseph Maxwell Cleland Atlanta VA Medical Center Atlanta 
VA medical center (AVAMC).   

Materials and Methods
The data was obtained from the Atlanta VA clinical case registry 
(CCR) system, and Institutional Review Board (IRB) approval 
was obtained. The CCR connects with the VA’s electronic medical 
record system. Each VA has local registry coordinators to help 
review medical records to review potential HCV-infected Veterans 
using positive antibody test results and/or diagnosis codes based 
on International Classification of Diseases, tenth revision (ICD-
10) codes. Patients with confirmed HCV infections are then added 
to the CCR, where data on demographics, laboratory tests, and 
prescriptions are recorded. To conduct this analysis, reports using 
different criteria were exported and data on medication, alcohol 
metabolite test results, viral load test results, and demographic 
information such as age, sex, and race were obtained from 1/1/2015 
to 11/29/2017. The datasets were merged into a single dataset for 
analysis. To detect recent alcohol use, urine alcohol metabolite 
testing was performed for those presenting for routine HCV 
clinical care. Urine alcohol metabolite testing is also routinely 
performed for those on chronic controlled substances such as 
narcotics and is used for monitoring in the substance use treatment 
program including those on methadone or buprenorphine. Ethyl 
glucuronide (EtG) or ethyl sulfate (EtS) are alcohol metabolites 
that can be detected up to 80 hours after alcohol consumption [13]. 
Alcohol use categories were created using the following criteria: 
- Detectable: if EtG or EtS was ever greater than or equal to 100 
ng/mL 
- Undetectable: if EtG and EtS are less than 100 ng/ml
Patients with multiple urine alcohol metabolite tests were 
considered to have a positive screen if any test result showed a 
detectable level. To define those who received DAA treatment, 
we selected patients who were tested for alcohol metabolites and 
received any of the following during the study period: Daclatasvir 
(DCV), dasabuvir/ombitasvir/paritaprevir/ritonavir, elbasvir/
grazoprevir (EBR/GZR), glecaprevir/pibrentasvir (GLE/PIB), 
ledipasvir/sofosbuvir (LDV/SOF), simeprevir (SIM), sofosbuvir 
(SOF), sofosbuvir/velpatasvir (SOF/VEL), and sofosbuvir/
velpatasvir/voxilaprevir (SOF/VEL/VOX). Patients were 
considered to achieve SVR if their most recent HCV RNA test 
was undetectable. Patients that had missing data in the dataset 
were manually chart reviewed, and excluded if variables such as 
viral load were missing. 

Data analysis was conducted using SAS version 9 (Cary, NC). 
Multivariable logistic regression analysis was conducted, 

controlling for race and age. Because the study population was 
predominantly male, sex was not included as part of the model. 

Results 
In our retrospective cohort study, we identified 1876 patients, 
1822 (97.1%) were male with an average of 62.9 ± 6.5 years. 
Most patients (n=1300 , 69.2%) identified as Black or African 
American race (Table 1).

Table 1: Baseline Characteristics
Number of Patients Overall

(n=1,763)
Age, years (mean) 63
Sex
Male 1,711 (97%)
Female 52 (3%)
Race
Black or African American 1,227 (70%)
White 454 (26%
Other 82 (4%)
Type of Treatment
Ledipasvir/Sofosbuvir 665 (56%)
Elbasvir/Grazoprevir 292 (25%)
Sofosbuvir/Velpatasvir 123 (10%)
Other 113 (9%)

Of the 1876 patients, 1764 (94%) patients had alcohol metabolite 
tests within the study period. All patients had at least one alcohol 
metabolite test (57.7% had at least two observations, 18.8% had four 
observations, and 23.5% had more than 6 observations). In assessing 
the prevalence of alcohol use, 599 (34.0%) of the 1764 patients who 
were tested had at least one detectable urine alcohol metabolite 
test. We found that 1306 (69.6%) received DAA treatment, with a 
majority of patients taking either LDV/SOF (51.8%) or EBR/GZR 
(22.5%). During the study period, 1113 (85.8%) patients achieved 
SVR. Within the cohort there were 36 deaths.

Receipt of HCV Direct-acting Antiviral Treatment
The odds of receiving DAA was 0.708 (95% CI: 0.574, 0.873) 
for those with detectable alcohol metabolites (Figure 1) compared 
with those with undetectable alcohol metabolites. The odds of 
receiving DAA was 1.608 (95% CI: 1.289, 2.006) for Blacks 
compared to Whites. 

Figure 1: Odds of achieving SVR and receiving DAA therapy 
with detectable alcohol metabolites

The odds of achieving SVR was 0.719 (95% CI: 0.515, 1.004; 
p=0.0525) for those with detectable alcohol metabolites. The odds 
of achieving SVR was 1.770 (95% CI: 1.251, 2.504; p=0.0013) 
for Blacks compared to Whites. Other races compared to whites 
and age groups did not have statistical significance in odds of 
achieving SVR (p=0.6255 and 0.4739, respectively). 
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Discussion
We found that having detectable alcohol metabolites was associated 
with a lower odd of receiving DAAs. In addition, despite lower 
odds of receiving DAAs, alcohol use by urinary metabolites was 
not associated with lower rates of SVR. 

Haque et al. (2023) performed a national VA study of 133,753 
patients born between 1945 to 1965 with HCV investigated 
alcohol use and receipt of DAA therapy among patients with 
HCV [14]. To assess for alcohol use, the study investigators 
used the Alcohol Use Disorders Identification Test–Consumption 
(AUDIT-C) questionnaire in combination with ICD-9 and ICD-10 
diagnostic codes for alcohol use disorder. They concluded that 
patients with a history of AUD or with current AUD were less 
likely to receive DAA therapy compared with patients with lower 
risk drinking. In comparison, our study is a single center VA study 
that used urinary alcohol metabolites to compare any alcohol 
consumption instead of stratification of risk of alcohol abuse. 
In our study, a positive urinary alcohol metabolite screen was 
associated with lower rates of DAA initiation. This finding may 
be due to the fact that, historically, alcohol use complicated HCV 
treatment (PEG-IFN and RBV) and was a contraindication per 
prior treatment guidelines. For providers, other reasons for delays 
in initiation of HCV treatment are due to minimal experience with 
therapies, low likelihood of referrals to specialists for therapies, 
and poor provider-patient relationship. In addition, patients may 
not initiate treatment because of lack of awareness of current 
treatment availability and stigma [15]. 

This study found no statistical significance on odds of achieving 
SVR for those who used alcohol during the study period, with 
85.8% of AVAMC patients achieving SVR. Published DAA 
clinical trials report 95% achieving SVR, however, those studies 
often report a modified intention to treat analysis; our study 
counted every person missing an HCV RNA test as having not 
achieved SVR. In this study there was no difference in virologic 
cure amongst those with evidence of recent alcohol use versus 
those who did not have recent alcohol use. Tsui et al. (2016) 
published a retrospective cohort study using national VA data of 
10,387 patients who initiated DAAs and had complete AUDIT-C 
screening [16]. They categorized patients as either abstinent, 
low level drinkers, or unhealthy drinkers using AUDIT-C scores 
and evaluated SVR rates. Despite differences in alcohol use all 
3 categories showed SVR rates of at least 90% or higher, which 
would reduce the risk of negative outcomes such as HCC and 
cirrhosis. Our study had similar conclusions with using urinary 
alcohol metabolites to determine recent alcohol use. 

In our study 34% of Veterans with chronic HCV infection at the 
AVAMC were found to have recent alcohol use using urine alcohol 
metabolite testing during the study period. This study differs from 
other studies in that alcohol use is defined using biomarkers instead 
of information obtained from diagnostic codes or self-report. 
Though there are a multitude of different professional groups 
that define alcohol use, one of the most prevalent terms is alcohol 
use disorder, defined by the fifth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) criteria. This is 
often used for diagnostic coding. In addition, alcohol screening 
according to United States Preventive Services Task Force 
(USPSTF) is most accurate using either the AUDIT-C or the Single 
Alcohol Screening Question [17]. Using subjective questionnaires 
and DSM-5 criteria can lead to differences in diagnosis even with 
similar alcohol consumption. Vickers-Smith et al. (2023) showed 
in a sample of 700,000 Veterans that black and Hispanic Veterans 
were more likely to have a diagnosis of AUD even with similar 

alcohol use to white Veterans [18,19]. In other systems such as 
state Medicaid, DAA use may still require a negative screening 
period of alcohol and substance use [20]. We found that current 
alcohol use, defined using urinary biomarkers, was not associated 
with reduced likelihood of SVR. Self-reported alcohol methods 
may also underestimate alcohol use due to recall bias and concerns 
for confidentiality and social acceptability [20,21]. Serum or urine 
alcohol biomarkers can provide a more objective determination 
of alcohol use though are more expensive and limited by no clear 
guidelines to stratify alcohol use. In addition, single measurements 
may over or underestimate alcohol use depending on a patient’s 
last drinking episode. Initial alcohol use markers such as Aspartate 
Aminotransferase and Gamma-Glutamyltransferase differed by 
ethnicity, given differences in metabolism [22]. Newer alcohol use 
markers such as EtG and EtS are metabolites that are not affected 
by age, ethnicity, and severity of liver disease [23]. While urinary 
alcohol markers are only positive up to 80 hours after alcohol 
consumption, newer serum markers such as phosphatidylethanol 
(PEth) can detect alcohol up to 12 days after a single instance of 
alcohol consumption [24].

Limitations to this study include the use of urinary alcohol 
metabolite data being used to assess alcohol use as it only evaluates 
recent alcohol use. Research suggests EtG and EtS can be used 
as effective biomarkers for determining abstinence but cannot 
determine if someone has alcohol use disorder [25]. Our study 
looked at recent alcohol use and the pattern and level of alcohol 
consumption was not assessed. Other limitations to this study 
include that this is a single center study with a predominantly 
male population. Veterans who had care outside the VA were 
not assessed, and patients who did not complete treatment were 
included. Though our data showed decreased alcohol use was 
associated with a lower odd of receiving DAAs it does not include 
why the patient did not receive DAAs. Retrospective data lacks 
information on why treatment was not initiated and lacks data on 
adherence, medical comorbidities, degree of liver disease and other 
factors that influence why someone would be prescribed DAAs 
and likelihood of achieving cure. 

Conclusion
Aligning with the VA’s treatment consideration guidelines, alcohol 
use should not automatically exclude patients from HCV treatment. 
As our study showed, detectable alcohol use was associated with 
a lower likelihood of receiving DAAs; however, alcohol use 
was not associated with lower rates of SVR. Providers should 
determine whether patients can initiate DAA treatment after careful 
examination of a patient’s medical history. However, providers 
should encourage patients to reduce or stop alcohol use due to 
potential risk of non-adherence and increased risk of cirrhosis 
and HCC. Since curing HCV has been shown to reduce the risk 
of HCC and cirrhosis, prescribing DAA therapy to a patient with 
concurrent alcohol use disorder can reduce risk of adverse liver-
related outcomes.
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