UC Irvine
UC Irvine Previously Published Works

Title

Impact of Alcohol Use Disorder Treatment on Clinical Outcomes Among Patients With
Cirrhosis

Permalink

https://escholarship.org/uc/item/4393f5rg

Journal
Hepatology, 71(6)

ISSN
0270-9139

Authors

Rogal, Shari
Youk, Ada
Zhang, Hongwei

Publication Date
2020-06-01

DOI
10.1002/hep.31042

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/43q3f5rp
https://escholarship.org/uc/item/43q3f5rp#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Hepatology. Author manuscript; available in PMC 2021 June 01.

-, HHS Public Access
«

Published in final edited form as:
Hepatology. 2020 June ; 71(6): 2080-2092. d0i:10.1002/hep.31042.

Impact of Alcohol Use Disorder Treatment on Clinical Outcomes
among Patients with Cirrhosis

Shari Rogall2:3, Ada Youk!4, Hongwei Zhang!, Walid F. Gellad1-®, Michael J. Finel5,
Chester B. Good1:>6, Maggie Chartier’, Andrea DiMartini28, Timothy Morgan®10 Ramon
Bataller3, Kevin L. Kraemerl>

1Center for Health Equity Research and Promotion, VA Pittsburgh Healthcare System, Pittsburgh,
Pennsylvania, USA

2Department of Surgery, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania,
USA

3Division of Gastroenterology, Hepatology, and Nutrition, University of Pittsburgh School of
Medicine, Pittsburgh, Pennsylvania, USA

4Department of Biostatistics, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

5Division of General Internal Medicine, University of Pittsburgh School of Medicine, Pittsburgh,
Pennsylvania, USA

6Center for High Value Pharmacy Initiatives, University of Pittsburgh Medical Center Health Plan,
Pittsburgh, PA

"HIV, Hepatitis and Related Conditions Programs, Office of Specialty Care Services, Veterans
Health Administration, Washington, DC, USA

8Department of Psychiatry, University of Pittsburgh School of Medicine, Western Psychiatric
Institute and Clinic, Pittsburgh, PA 15213, USA

9Gastroenterology Section, VA Long Beach Healthcare System, Long Beach, CA, USA

10Division of Gastroenterology, Department of Medicine, University of California, Irvine, California,
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Abstract

Despite significant medical and economic consequences of coexisting alcohol use disorder (AUD)
in patients with cirrhosis, little is known about AUD treatment patterns and their impact on clinical
outcomes in this population. We aimed to characterize the use of and outcomes associated with
AUD treatment in patients with cirrhosis. This retrospective cohort study included Veterans with
cirrhosis who received Veterans Health Administration (MVA) care and had an index diagnosis of
AUD between 2011 and 2015. We assessed the baseline factors associated with AUD treatment
(pharmacotherapy or behavioral therapy) and clinical outcomes for 180 days following the first
AUD diagnosis code within the study time frame. Among 93,612 Veterans with cirrhosis, we

Corresponding Author: Shari S. Rogal, Center for Health Equity Research and Promotion, VA Pittsburgh Healthcare System,
Building 30, Room 2A113, University Drive C (151C), Pittsburgh, PA 15240-1001, USA, Tel: 412-360-2149, Shari.Rogal@va.gov.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rogal et al. Page 2

identified 35,682 with AUD, after excluding 2,671 who had prior diagnoses of AUD and recent
treatment. Over 180 days following the index diagnosis of AUD, 5,088 (14%) received AUD
treatment, including 4,461 (12%) who received behavioral therapy alone, 159 (0.4%) who received
pharmacotherapy alone, and 468 (1%) who received both behavioral and pharmacotherapy. In
adjusted analyses, behavioral and/or pharmacotherapy-based AUD treatment was associated with a
significant reduction in incident hepatic decompensation (6.5% vs. 11.6%, adjusted odds ratio
[AOR]=0.63, 95% confidence interval [CI1]=0.52-0.76) and a non-significant decrease in short-
term all-cause mortality (2.6% vs. 3.9%, AOR=0.79, 95% CI=0.57-1.08), and a significant
decrease in long-term all-cause mortality (51% vs. 58%, AOR=0.87, 95% CI1=0.80, 0.96).

Conclusion: Most patients with cirrhosis and coexisting AUD did not receive behavioral or
pharmacotherapy treatment for AUD over a 6-month follow-up. The reductions in hepatic
decompensation and mortality suggest that future studies should focus on delivering evidence-
based AUD treatments to patients with coexisting AUD and cirrhosis.

Keywords

Addiction; alcoholism; decompensation; ascites; encephalopathy

Alcohol is a leading cause of morbidity and mortality globally.! Although alcohol use has
been recognized as a leading cause of cirrhosis worldwide and a major contributor to
ongoing liver injury among patients with cirrhosis, advances in the field of alcohol-related
liver disease lag behind those for other causes of chronic liver disease, such as viral
hepatitis. In fact, the only effective treatment for alcohol-related cirrhosis is alcohol
cessation.3 Despite the importance of treating alcohol use disorder (AUD) in the context of
cirrhosis, relatively little work has assessed the uptake of evidence-based AUD treatments in
patients with this common disorder.

Evidence-based treatments for AUD include behavioral and pharmacological therapies.
Behavioral therapies are considered to be the cornerstone of AUD treatment in patients with
alcohol-related liver disease?# and several forms of such therapy can be successful in
patients with coexisting AUD and cirrhosis.? Pharmacotherapy combined with behavioral
therapy is considered to be the best treatment for AUD in general populations.5 However, the
three FDA-approved pharmacotherapies for AUD, including disulfiram, naltrexone, and
acamprosate, have not been tested in patients with cirrhosis in randomized trials.

Treating AUD in the context of alcohol-related liver disease is recognized as an important
benchmark of high quality care.”® However, it remains unclear how often patients with
cirrhosis and AUD receive evidence-based behavioral and/or pharmacologically based
therapies. We aimed to characterize the use of and outcomes associated with AUD treatment
in patients with cirrhosis.

PATIENTS AND METHODS

Design and Data Sources

We conducted a retrospective cohort study that included all Veterans with clinical encounters
in the national Veterans Health Administration (\VA) Corporate Data Warehouse who were
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diagnosed with cirrhosis, defined as 2 outpatient and/or 1 inpatient International
Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) codes for this
medical condition or its complications, between 2011 and 2015. These validated ICD-9-CM
codes included cirrhosis with alcoholism (571.2), cirrhosis without mention of alcohol
(571.5), esophageal varices with or without bleeding (456.0-456.21), spontaneous bacterial
peritonitis (567.23), hepatic encephalopathy (572.2), and hepatorenal syndrome (572.4).°
For further inclusion in the cohort, these Veterans were also required to have a diagnosis of
AUD, defined as 2 outpatient or 1 inpatient ICD-9-CM codes (291.xx, 303.00-303.02,
303.90-303.92, 305.00-305.02; 535.3; 571.1) for alcohol dependence or abuse.”-10 These
codes for AUD have a specificity of 92—93% within VA.11 We used the date of the first
detected AUD diagnostic code within the study time frame to define the date of the AUD
index diagnosis and excluded patients with prior AUD diagnoses and AUD treatment
(defined below) in the 60 days prior to the AUD index diagnosis, to ensure that patients were
not already receiving treatment, and thus had a new opportunity to receive treatment,
consistent with prior literature.’”12

Baseline Data Collection

Baseline data were assessed using a one-year look back period prior to the index diagnosis
of AUD. We extracted demographic information (age at index diagnosis, race, ethnicity, sex,
marital status, period of military service, and homelessness, defined as ICD-9-CM codes
V60.0 and V60.1). We assessed the etiology of cirrhosis, categorized as alcohol-related,
hepatitis C virus (HCV)-related, or other, using previously-validated codes® and calculated
baseline Model for End-Stage Liver Disease (MELD) scores using the laboratory values
closest to the index diagnosis date.1® We extracted comorbidities in the year prior to the
index AUD diagnosis, including other mental health and substance use disorders and the
Charlson Comorbidity Index (excluding liver disease ).14 All code-based comorbidities
required 2 outpatient codes or 1 inpatient code to meet criteria for the condition. Hepatic
decompensation was defined to include ICD-9-CM codes for bleeding varices, hepatic
encephalopathy, hepatopulmonary syndrome, ascites, spontaneous bacterial peritonitis, or
hepatorenal syndrome. Alcohol Use Disorders Identification Test-Consumption screening
tool (AUDIT-C) scores were also extracted from the chart to further assess the pattern of
alcohol use.1> The AUDIT-C is a three-item alcohol screen scored from 0-12 that identifies
at-risk drinkers in the general population.

Assessment of AUD Treatments

We obtained data from patients for 180 days after the AUD index diagnosis to assess new
forms of behavioral and pharmacotherapy-based AUD treatments. We defined behavioral
treatment using previously-validated Healthcare Effectiveness Data and Information Set
measures based on ICD-9 and Common Procedural Terminology codes.”-12 This definition
requires that patients have a qualifying diagnosis of AUD and a mental health procedure
code (either inpatient or outpatient), as validated for use in VA.” We used pharmacy data to
identify pharmacotherapy based treatment, consisting of three FDA-approved agents for
AUD (i.e., disulfiram, acamprosate, and naltrexone.).1® Using all forms of therapy, w
categorized patients as having any vs. no AUD treatment in the 180 days following the AUD
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index diagnosis. We further categorized treatment as behavioral only, pharmacotherapy only,
and both behavioral and pharmacotherapy-based treatment.

Assessment of Clinical Outcomes

All patients were followed for a total of 180 days from their AUD index diagnosis for
clinical outcomes, including all-cause mortality and new hepatic decompensation (among
the subgroup without baseline decompensation). Hepatic decompensation was defined to
include ICD-9-CM codes for bleeding varices, hepatic encephalopathy, hepatopulmonary
syndrome, ascites, spontaneous bacterial peritonitis, or hepatorenal syndrome. All-cause
mortality and dates of death were extracted from the Corporate Data Warehouse. We
excluded patients with a history of hepatic decompensation at baseline from the assessment
of new onset decompensation. To do this, we removed patients with ICD-9 codes for hepatic
decompensation in the baseline year from our models assessing decompensation as a clinical
outcome. As a secondary analysis, we extended follow-up to the end of the study period.
This allowed us to assess the impact of 180-day treatment on long-term mortality.

Statistical Analyses

We compared the baseline characteristics of the study cohort by treatment type (behavioral
only, pharmacotherapy only, and both), using chi-square statistics (or Fisher’s Exact) for the
categorical variables, where appropriate, t-tests or ANOVA for normally distributed
continuous variables, and Wilcoxon rank sum or Kruskal-Wallis tests for continuous, non-
normally distributed variables. To assess the associations between the baseline factors and
AUD treatment within 180 days of the AUD index diagnosis, we fit univariate logistic
models for any treatment and multinomial models for treatment type (pharmacotherapy,
behavioral therapy or both vs. none). Variables that were statistically significant (p<0.05) in
the univariate models were included in the final multivariable logistic regression model for
any treatment and multinomial model of treatment type. In addition, we fit logistic
regression models to assess the factors associated with 180-day mortality and new hepatic
decompensation (in the subgroup without baseline decompensation), using treatment as the
primary independent variable of interest. We first fit univariate models and used those
variables that were statistically significant (p<0.05) as adjustment variables in a
multivariable logistic regression model. To be included as “treated” at the time of a clinical
outcome, treatment had to have been initiated prior to the date of the outcome (either death
or new hepatic decompensation) in these models; otherwise these patients were counted as
“untreated” for the purposes of the clinical outcome modeling. We only assessed “any” AUD
treatment, rather than type of treatment because relatively few patients received
pharmacotherapy. Collinearity was assessed with variance inflation factors (using a
prespecified cutoff of 5), and no collinearity was found in the models. Stata v15 was used
for all analyses.

Secondary Analyses

To assess how our associations varied between subgroups we repeated the analyses for the
following: 1) patients without HCV and 2) patients without hepatic decompensation prior to
their index AUD diagnosis, and 3) patients with acute alcoholic hepatitis (AAH), defined as
ICD-9 code 571.1. While baclofen is not an FDA-approved pharmacotherapy for AUD, there
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is increasing interest in its efficacy and use for this indication.1” We therefore assessed the
prevalence of baclofen use and the factors associated with baclofen prescribing in a
multivariable logistic regression model and then entered baclofen into the multivariable
regression model for death.

Baseline characteristics of the study cohort

Of 93,612 Veterans with a diagnosis of cirrhosis in VA from 2011-2015, 38,353 (41%) met
criteria for AUD, and 35,682 (38% of all Veterans with cirrhosis) had not received AUD
treatment in the prior 60 days. These 35,682 patients were included in the final cohort
(Figure 1). The mean age (standard deviation) of patients in the cohort was 59+8 years; the
majority were white (71%), male (98%), and served in Vietnam (66%). Half of the cohort
also had HCV as a cause of cirrhosis, and half had alcohol alone. Only 8% had hepatic
decompensation in the preceding year. Nicotine and substance use disorders were found in
22% and 7% of the cohort respectively. Mental health disorders were relatively common in
this cohort, with 22% having mood disorders, 12% post-traumatic stress disorder (PTSD),
6% with anxiety disorders and 3% with schizophrenia (Table 1).

AUD treatment over follow-up

In the 180 days following the AUD index diagnosis, 5,388 (14%) patients were initiated on
AUD therapy (Figure 1). Of the 35,682 patients with concomitant cirrhosis and AUD, 4,461
(12%) received behavioral therapy only, 159 (0.4%) pharmacotherapy-based therapy only,
and 468 (1%) received both forms of therapy within 180 days of their AUD index diagnosis
(Figure 1). Of those receiving any pharmacotherapy, 94 (15%) received disulfiram, 163
(26%) received acamprosate, and 370 (59%) received naltrexone. Among the patients
receiving naltrexone, 5 (1%) had a comorbid opioid use disorder diagnosis.

In univariate analyses, we found that patients with cirrhosis and AUD who received AUD
treatment were significantly more likely to be younger, non-white, female, single, homeless,
and non-Vietnam era of service (Table 1). They were more likely to have HCV and less
likely to have prior hepatic decompensation or hepatocellular carcinoma. Patients receiving
any treatment had significantly lower MELD and Charlson Comorbidity Index scores at
baseline and were more likely to have other mental health and substance use disorders as
well as higher AUDIT-C scores.

Multivariate models of the factors associated with receiving any AUD treatment at follow-up
resulted in adjusted odds ratios (AOR) ranging from 0.87 (95% confidence interval

[CI] .83-.91) for the Charlson Comorbidity Index to 1.77 (95% CI 1.46-2.16) for a history
of cocaine use (Table 2). Patients with older age and higher Charlson Comorbidity Index
scores had significantly lower adjusted odds of receiving any form of AUD treatment. In
contrast, those with black race, homelessness, higher AUDIT-C scores, comorbid substance
use disorders (opioid, cocaine, cannabis, and other substance use disorders), and co-existing
psychological conditions (mood disorders, PTSD) had significantly higher adjusted odds of
receiving treatment.
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We then assessed the relationships between baseline factors and each treatment category
(behavioral therapy alone, pharmacotherapy alone, both behavioral and pharmacotherapy).
Per Table 1, the relationships between the baseline factors and any treatment remained
consistent across the treatment categories, with the exception of race and HCV. Patients who
were white and non-Hispanic were less likely to receive AUD behavioral therapy but more
likely to receive pharmacotherapies than patients of other race/ethnic categories. Patients
with HCV were more likely to receive behavioral therapies but less likely to receive
pharmacotherapies than those without HCV.

In adjusted multivariable models of specific AUD treatments (Table 2), we consistently
found independent significant associations between each treatment types and younger age,
AUDIT-C scores, and mood disorders. Additionally, patients who were black, homeless, had
other substance use disorders, PTSD, or less comorbidities were significantly more likely to
receive behavioral therapy. Patients with HCV had significantly higher adjusted relative risk
ratios of receiving behavioral therapy and significantly lower estimates of receiving
pharmacotherapy.

between AUD treatment and clinical outcomes

Over follow-up, 1,336 (3.7 %) patients died and 3,554 (10.9 %) experienced new hepatic
decompensation (Table 3). Treatment of any type was significantly associated with
decreased death and decompensation in univariate testing (p<0.01, Figure 2). Controlling for
factors that were statistically significant in the univariable models, Veterans receiving any
AUD treatment had significantly decreased odds of decompensation (AOR=0.63,
95%Cl=.52-.76) and a non-significantly decreased mortality (AOR=0.79, 95%CI=.57-1.08),
controlling for other covariates. Notably, in these final models, AUDIT-C was significantly
and independently associated with death (AOR=1.06/point, 95% CI=1.04,1.09) and
decompensation (AOR/point=1.04, 95% CI= 1.02, 1.05), controlling for demographic and
liver-related variables as well as comorbidities.

Long-term mortality.

When we extended the assessment of mortality beyond 180 days to any time over follow-up
we found a significant association with mortality for any AUD treatment (AOR=0.87, 95%
Cl=0.80, 0.96), controlling for age, race, gender, marital status, era of service, baseline
decompensation, MELD and comorbidities.

Subgroups without HCV and without baseline decompensation.

We found that the factors associated with treatment differed in minor ways for the subgroup
of patients without HCV (Supplemental Table 1) and without baseline decompensation
(Supplemental Table 2). Among patients without HCV, AUD treatment was NOT associated
with SUDs or schizophrenia and that pharmacotherapy was no longer significantly
associated with a lower Charlson comorbidity score. When we assessed the factors
associated with treatment among the subgroup of patients without baseline decompensation,
the point estimates and confidence intervals were minimally changed from those found for
the overall cohort. We found that, within this subgroup, the association between HCV and
pharmacotherapy became non-significant and that PTSD became non-significantly
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associated with treatment. The associations between treatment and clinical outcomes
remained unchanged when we excluded (vs. controlled for) these factors.

Acute Alcoholic Hepatitis.

Baclofen.

Among the 687 patients (1.9%) with a diagnostic code for alcoholic hepatitis, 135 patients
(20%) received AUD treatment and 58 patients (8.4%) died over 180 days of follow-up.
There was a significant association between AUD treatment and decreased mortality
(p=0.027) in this subgroup, where 4% of the treated group and 10% of the untreated group
died over 180-day follow-up. Of the 426 patients with AAH who without baseline
decompensation, 71 (17%) had new decompensation over follow-up. Over follow-up, 79
(19%) received AUD treatment and receipt of treatment was associated with a non-
significant reduction in new decompensation (11% vs. 18%, p=0.16).

We found that 703 patients (2%) received baclofen over follow-up. Within this group, 559
(79.5%) received no other AUD treatment, 126 (17.9%) received behavioral therapy for
AUD, and 18 (2.5%) received an FDA-approved pharmacotherapy for AUD. Compared to
other Veterans, those who received baclofen were significantly younger (AOR 0.98, 95%
Cl1=0.97-0.998) had lower MELD scores (AOR=0.97, 95% CI=0.94-0.996), and were more
likely to have mood disorders (AOR=1.64, 95% Cl1=1.29, 2.09) and HCV (AOR=1.29, 95%
Cl=1.04,1.60). The baclofen group had significantly /ower AUDIT-C scores than the rest of
the cohort (AOR=0.97, 95% CI1=0.94,0.99). While we were unable to fully assess of the
indications for baclofen, we found that 59% had a diagnostic code for a chronic painful
condition. Baclofen was not associated with short-term mortality when controlling for other
factors.

DISCUSSION

In this national retrospective cohort study of Veterans with coexisting cirrhosis and AUD,
only 14% received behavioral or pharmacotherapy for AUD over a 180-day follow-up after
the index diagnosis of AUD. Specifically, FDA-approved pharmacotherapy for AUD was
rarely used in this population. We also found that AUD treatment was associated with a
significantly decreased risk of new hepatic decompensation in this population and that AUD
treatment was significantly associated with long-term but not short-term mortality. In the
subgroup of patients with AAH, AUD treatment was also associated with reduced short-term
mortality. These findings support a need to improve the provision of AUD care for a high-
risk population of patients.

In recognition of the importance of this topic, the American Association for the Study for
Liver Disease (AASLD) recently published guidelines for treating AUD in patients with
liver disease. These guidelines recommend referral to an AUD professional,
multidisciplinary management of AUD, and the use of pharmacotherapies, specifically
acamprosate or baclofen, for the treatment of AUD in patients with chronic liver disease.1’
Our results support the efficacy of AUD treatment in patients with cirrhosis. The salutatory
health effects of AUD treatment are likely mediated by decreased alcohol use. Abstinence
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from alcohol is a key component in improving outcomes for patients with AAH, where
abstinence is particularly important in predicting long-term outcomes.8:19 Future work
would benefit from prospective measurement of drinking behaviors over time, which could
not be reliably obtained from our administrative dataset.

This lack of evidence-based treatment for AUD is not unique to the VA population or to
patients with cirrhosis.2% Overall, AUD is under-treated in all populations, and
pharmacotherapy is particularly underutilized. The APA reported that less than 10% of all
patients receive any treatment after an AUD diagnosis.?1:22 Even fewer receive evidence-
based AUD treatments. For example, one study of 11 million individuals with AUD found
that only 674,000 received psychopharmacological treatment.23 While our findings are
consistent with rates of specialty behavioral AUD care (13%) and pharmacotherapy (6%)
among Veterans with chronic HCV,24 patients with cirrhosis have not been previously
investigated, despite the risk for greater consequences of alcohol use in this population.

Several studies investigated barriers to AUD treatment and potential ways to mitigate these
barriers. However, these studies did not focus on patients with chronic liver disease. One
study of 25 primary care providers in VA found that providers lacked knowledge and
experience with AUD treatment and believed that specialty care for AUD was superior to
primary care treatments.2® Investigators identified alcohol-related stigma as a barrier.2> A
study assessing patient-level barriers found that patients with AUD lacked confidence in
treatment and feared alcohol-related stigma.28 In order to overcome these barriers, several
systems attempted to improve the uptake of AUD treatment using care delivery
interventions. For example, VA successfully implemented a multifaceted academic detailing
program to increase AUD pharmacotherapy in general populations.2” While this program
increased AUD pharmacotherapy from 5 to 8% in intervention sites, more work is needed to
develop implementation strategies to address this evidence to practice gap.2”-28 Moreover,
given the unique medical complexities of patients with cirrhosis, it is likely unique

approaches to AUD care may be required, such as colocation of care for AUD and cirrhosis.
29

Behavioral therapies for AUD are extremely heterogeneous in nature. They range from
individual cognitive behavioral therapy approaches to group therapy and 12-step-based
programs. Therapies can be inpatient- or outpatient-based. However not all behavioral
therapies that are used are equally efficacious or evidence-based. Cognitive behavioral
therapy approaches are generally the most widely studied and evidence-based.3? One
strength of this study was our use of a rigorous approach to identifying evidence-based
behavioral therapies for AUD.

We found that, while patients who were black were more likely to receive any treatment than
white patients, this difference was driven by behavioral therapy alone. National VA studies
of all Veterans have identified racial disparities in receipt of AUD pharmacotherapy but not
overall AUD treatment.31:32 Research outside of VA demonstrates racial disparities in AUD
treatment. For example, black patients spend more time on waiting lists to be admitted to
AUD treatment programs28 and are less likely to be satisfied with their AUD treatment than
white patients.33 These racial disparities in treatment outside of VA are concerning,
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particularly because black patients are more likely than white patients to report social
consequences of drinking.34

While homelessness may be a barrier to treatment in some populations, many Veterans with
codes for homelessness are participating in residential/transition programs that offer housing
and AUD treatment. Thus, our finding that homelessness was positively associated with
treatment initiation for AUD is likely not generalizable. Several studies are testing whether
integrating AUD treatment in primary care can overcome barriers to AUD treatment.3%:36
Integrated care has been successfully trialed for patients with mental health and substance
use disorders attending HCV clinics and shown to increase rates of HCV treatment.3’
Patients with cirrhosis, particularly those with hepatic encephalopathy, are often too sick or
debilitated to reliably participate in behavioral therapies. This challenge may necessitate new
approaches to behavioral therapy and makes pharmacotherapy a potentially attractive, albeit
under-studied, option.38:39

Relatively little work has assessed the potential adverse impacts of the FDA-approved
pharmacotherapies for AUD in patients with cirrhosis, and no randomized controlled trials
have been conducted using these three agents in this population.4® As such, it is not
surprising that we found that pharmacotherapies were more commonly prescribed to
healthier patients with cirrhosis (those without comorbid conditions and lower MELD
scores). In fact, there are theoretical concerns with each of the three studied
pharmacotherapies.

Acamprosate blocks withdrawal symptoms and has efficacy in maintaining alcohol
abstinence.?! Given this mechanism, there are theoretical concerns about encephalopathy
related to acamprosate but few data to guide its use.*! For patients with cirrhosis, the safety
profile of acamprosate is considered to be the most favorable among the three FDA-
approved agents.3? However, acamprosate is a glutamate receptor antagonist which could
theoretically lead to encephalopathy.2141 Despite this theoretical concern, one study of 12
patients with cirrhosis found that a low dose of acamprosate was associated with no increase
in subclinical encephalopathy, though there was a small decrease in diastolic but not systolic
blood pressures.*2 However, acamprosate cannot be used in patients with renal failure, thus
precluding its use in many patients with decompensated cirrhosis.

Naltrexone is an opioid receptor antagonist which works by reducing craving for alcohol and
has been shown to be equivalent to acamprosate in efficacy. However, the American
Psychiatric Association recommends caution when using naltrexone in patients with liver
failure.2! This is because naltrexone has been associated with hepatotoxicity, particularly in
patients with decompensated disease. However, many providers still use this medication
because the adverse consequences of ongoing alcohol use are considered to be greater than
the medication-associated toxicities. Accordingly, we found that naltrexone was the most
commonly prescribed AUD pharmacotherapy in this cohort.

Disulfiram inhibits acetaldehyde dehydrogenase, causing gastrointestinal symptoms,
headache, and hypotension, when consumed with alcohol.#3 The potential for severe liver
toxicity, hypotension, and psychiatric side effects may limit the use of disulfiram in patients

Hepatology. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rogal et al.

Page 10

with cirrhosis.? It is generally accepted that disulfiram is not to be used as a first line

medication in patients with cirrhosis, since it has been associated with fatal hepatotoxicity.
39,44

We designed this study to focus on the three FDA-approved pharmacotherapies with
demonstrated efficacy for AUD, following the example of other published studies. We did
not include baclofen as an AUD pharmacotherapy in our primary analysis because it is not
FDA approved for this indication, due to the lack of strong efficacy data. A well-designed
2018 meta-analysis of 12 studies of baclofen use for AUD concluded that the use of baclofen
for AUD treatment was “premature” given its lack of impact on abstinent days, heavy
drinking, craving, anxiety or depression.*> Among patients with underlying liver disease,
there have been mixed results in several small studies. For example, while two small trials
found significantly increased abstinence with baclofen,46:47 a more recent randomized
control trial among Veterans with HCV and AUD found no significant difference between
baclofen and placebo in alcohol-related outcomes.*® The AASLD guidelines recommending
baclofen as an AUD treatment were published after the study time period. Accordingly, we
found that few patients were prescribed baclofen and that it was likely for other indications
(e.9., they had lower AUDIT-C scores than the rest of the patients in the cohort and they had
high rates of chronic pain). More data are needed to assess the comparative effectiveness and
comparative risks of baclofen and acamprosate in this population. Ongoing trials assessing
the efficacy of baclofen for treating AUD in general populations can help inform these
efforts.

Despite the theoretical risks of AUD pharmacotherapy, we found that such treatments were
not associated with worsened short-term outcomes in this large retrospective study. In fact,
we found that any treatment was associated with decreased decompensation, even
controlling for degree of alcohol use. However, given the low numbers of patients receiving
pharmacotherapy, we may have been underpowered to detect less common adverse
outcomes. Further studies of the efficacy and safety of these agents are urgently needed.?

While this study characterized the treatment of AUD in a large cohort of patients with
cirrhosis, there are several limitations of this approach. First, though the diagnostic codes
that were used have been validated and found to have a high specificity for AUD, the use of
such codes is always imperfect. The lack of ICD-9-CM codes for non-alcoholic
steatohepatitis (NASH) precluded an examination of the role of NASH as a comorbidity in
this cohort. Second, while we used AUDIT-C to try to further assess the severity of AUD in
this population, 27% of patients were missing baseline AUDIT-C scores, limiting our ability
to control for severity of alcohol use. This limitation is somewhat mitigated by the fact that
any alcohol use is unsafe for patients with cirrhosis. Third, while we followed highly
validated measures of behavioral therapy, these measures do not account for brief, primary-
care-based interventions, which may also be effective in treating AUD. The study was also
not designed to assess continued engagement in care, though this may be an important factor
to assess in future studies. Furthermore, we are unable to assess patient refusal or
noncompliance with referral for AUD treatment. While the assessment of treatment intensity
and duration were beyond the scope of these analyses, they will be assessed in future
studies. Finally, the small numbers of patients receiving pharmacotherapy limited our ability
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to assess the associations between specific pharmacotherapies and clinical outcomes. Future
work evaluating the comparative effectiveness and relative harms of pharmacotherapies,
particularly acamprosate vs. baclofen, would significantly add to our understanding of how
to best manage AUD in patients with cirrhosis.

In conclusion, although AUD treatment, particularly pharmacotherapy, was uncommon
among patients with cirrhosis and AUD, patients who received AUD treatment had improved
clinical outcomes. The patient characteristics we have identified as being associated with
AUD treatment initiation and use of pharmacotherapy provide targets for future
interventions to address patient subpopulations at high risk of undertreatment. There is an
urgent need to conduct randomized-controlled trials of treatments for AUD in cirrhosis and
to develop targeted/tailored AUD treatments that account for the specific needs of patients
with cirrhosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Financial Support: This work was supported by AHRQ K12 HS019461 and by a Competitive Pilot Project Fund
Grant from VA VISN 4. The contents of this paper are solely from the authors and do not represent the views of the
U.S. Department of Veterans Affairs or the US Government.

Abbreviations:

AUD alcohol use disorder

VA Veterans Health Administration

ICD International Classification of Diseases

HCV hepatitis C virus

MELD Model for End-Stage Liver Disease

AUDIT-C Alcohol Use Disorders Identification Test-Consumption

PTSD post-traumatic stress disorder

AOR adjusted odds ratio

Cl confidence interval

FDA Food and Drug Administration

NASH non-alcoholic steatohepatitis
REFERENCES

1. Fuster D, Samet JH. Alcohol Use in Patients with Chronic Liver Disease. N Engl J Med.
2018;379(26):2579.

Hepatology. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rogal et al.

Page 12

. Addolorato G, Mirijello A, Barrio P, Gual A. Treatment of alcohol use disorders in patients with

alcoholic liver disease. Journal of hepatology. 2016;65(3):618-630. [PubMed: 27155530]

. Lackner C, Spindelboeck W, Haybaeck J, et al. Histological parameters and alcohol abstinence

determine long-term prognosis in patients with alcoholic liver disease. Journal of hepatology.
2017;66(3):610-618. [PubMed: 27894795]

. Khan A, Tansel A, White DL, et al. Efficacy of Psychosocial Interventions in Inducing and

Maintaining Alcohol Abstinence in Patients With Chronic Liver Disease: A Systematic Review.
Clinical gastroenterology and hepatology : the official clinical practice journal of the American
Gastroenterological Association. 2016;14(2):191-202 e191-194; quiz €120. [PubMed: 26256464]

. Weinrieb RM, Van Horn DH, Lynch KG, Lucey MR. A randomized, controlled study of treatment

for alcohol dependence in patients awaiting liver transplantation. Liver transplantation : official
publication of the American Association for the Study of Liver Diseases and the International Liver
Transplantation Society. 2011;17(5):539-547.

. Anton RF, O’Malley SS, Ciraulo DA, et al. Combined pharmacotherapies and behavioral

interventions for alcohol dependence: the COMBINE study: a randomized controlled trial. Jama.
2006;295(17):2003-2017. [PubMed: 16670409]

. Harris AH, Ellerbe L, Phelps TE, et al. Examining the Specification Validity of the HEDIS Quality

Measures for Substance Use Disorders. Journal of substance abuse treatment. 2015;53:16-21.
[PubMed: 25736624]

. Kanwal F, Kramer J, Asch SM, et al. An explicit quality indicator set for measurement of quality of

care in patients with cirrhosis. Clinical gastroenterology and hepatology : the official clinical
practice journal of the American Gastroenterological Association. 2010;8(8):709-717. [PubMed:
20385251]

. Beste LA, Leipertz SL, Green PK, Dominitz JA, Ross D, loannou GN. Trends in burden of cirrhosis

and hepatocellular carcinoma by underlying liver disease in US veterans, 2001-2013.
Gastroenterology. 2015;149(6):1471-1482 e1475. [PubMed: 26255044]

10. Harris AH, Reeder RN, Ellerbe L, Bowe T. Are VHA administrative location codes valid indicators

of specialty substance use disorder treatment? Journal of rehabilitation research and development.
2010;47(8):699-708. [PubMed: 21110245]

11. McGinnis KA, Justice AC, Kraemer KL, Saitz R, Bryant KJ, Fiellin DA. Comparing alcohol

screening measures among HIV-infected and -uninfected men. Alcohol Clin Exp Res.
2013;37(3):435-442. [PubMed: 23050632]

12. Harris AH, Reeder RN, Ellerbe LS, Bowe TR. Validation of the treatment identification strategy of

the HEDIS addiction quality measures: concordance with medical record review. BMC health
services research. 2011;11:73. [PubMed: 21481264]

13. Kamath PS, Kim WR, Advanced Liver Disease Study G. The model for end-stage liver disease

(MELD). Hepatology. 2007;45(3):797-805. [PubMed: 17326206]

14. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index.

Journal of clinical epidemiology. 1994;47(11):1245-1251. [PubMed: 7722560]

15. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption

questions (AUDIT-C): an effective brief screening test for problem drinking. Ambulatory Care
Quality Improvement Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch Intern
Med. 1998;158(16):1789-1795. [PubMed: 9738608]

16. Rubinsky AD, Chen C, Batki SL, Williams EC, Harris AH. Comparative utilization of

pharmacotherapy for alcohol use disorder and other psychiatric disorders among U.S. Veterans
Health Administration patients with dual diagnoses. Journal of psychiatric research. 2015;69:150—
157. [PubMed: 26343607]

17. Lucey MR, Im GY, Mellinger JL, Szabo G, Crabb DW. Introducing the 2019 American

Association for the Study of Liver Diseases Guidance on Alcohol-Related Liver Disease. Liver
transplantation : official publication of the American Association for the Study of Liver Diseases
and the International Liver Transplantation Society. 2019.

18. Altamirano J, Lopez-Pelayo H, Michelena J, et al. Alcohol abstinence in patients surviving an

episode of alcoholic hepatitis: Prediction and impact on long-term survival. Hepatology.
2017,66(6):1842-1853. [PubMed: 28646515]

Hepatology. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rogal et al.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 13

Louvet A, Labreuche J, Artru F, et al. Main drivers of outcome differ between short term and long
term in severe alcoholic hepatitis: A prospective study. Hepatology. 2017;66(5):1464-1473.
[PubMed: 28459138]

Rehm J, Allamani A, Della Vedova R, et al. General practitioners recognizing alcohol dependence:
a large cross-sectional study in 6 European countries. Ann Fam Med. 2015;13(1):28-32. [PubMed:
25583889]

Reus VI, Fochtmann LJ, Bukstein O, et al. The American Psychiatric Association Practice
Guideline for the Pharmacological Treatment of Patients With Alcohol Use Disorder. Am J
Psychiatry. 2018;175(1):86-90. [PubMed: 29301420]

Grant BF, Goldstein RB, Saha TD, et al. Epidemiology of DSM-5 Alcohol Use Disorder: Results
From the National Epidemiologic Survey on Alcohol and Related Conditions I11. JAMA
Psychiatry. 2015;72(8):757-766. [PubMed: 26039070]

Mark TL, Kassed CA, Vandivort-Warren R, Levit KR, Kranzler HR. Alcohol and opioid
dependence medications: prescription trends, overall and by physician specialty. Drug and alcohol
dependence. 2009;99(1-3):345-349. [PubMed: 18819759]

Owens MD, loannou GN, Tsui JL, Edelman EJ, Greene PA, Williams EC. Receipt of alcohol-
related care among patients with HCV and unhealthy alcohol use. Drug and alcohol dependence.
2018;188:79-85. [PubMed: 29754030]

Williams EC, Achtmeyer CE, Young JP, et al. Barriers to and Facilitators of Alcohol Use Disorder
Pharmacotherapy in Primary Care: A Qualitative Study in Five VA Clinics. Journal of general
internal medicine. 2018;33(3):258-267. [PubMed: 29086341]

Grant BF. Barriers to alcoholism treatment: reasons for not seeking treatment in a general
population sample. J Stud Alcohol. 1997;58(4):365-371. [PubMed: 9203117]

Harris AH, Bowe T, Hagedorn H, et al. Multifaceted academic detailing program to increase
pharmacotherapy for alcohol use disorder: interrupted time series evaluation of effectiveness.
Addiction science & clinical practice. 2016;11(1):15. [PubMed: 27633982]

Williams EC, Matson TE, Harris AHS. Strategies to increase implementation of pharmacotherapy
for alcohol use disorders: a structured review of care delivery and implementation interventions.
Addiction science & clinical practice. 2019;14(1):6. [PubMed: 30744686]

Patel K, Maguire E, Chartier M, Akpan I, Rogal S. Integrating Care for Patients With Chronic
Liver Disease and Mental Health and Substance Use Disorders. Fed Pract. 2018;35(Suppl 2):S14-
S23.

Ray LAPD, Bujarski SPD, Grodin EPD, et al. State-of-the-art behavioral and pharmacological
treatments for alcohol use disorder. The American journal of drug and alcohol abuse.
2019;45(2):124-140. [PubMed: 30373394]

Williams EC, Gupta S, Rubinsky AD, et al. Variation in receipt of pharmacotherapy for alcohol use
disorders across racial/ethnic groups: A national study in the U.S. Veterans Health Administration.
Drug and alcohol dependence. 2017;178:527-533. [PubMed: 28728114]

Bensley KM, Harris AH, Gupta S, et al. Racial/ethnic differences in initiation of and engagement
with addictions treatment among patients with alcohol use disorders in the veterans health
administration. Journal of substance abuse treatment. 2017;73:27-34. [PubMed: 28017181]
Tonigan JS. Project Match treatment participation and outcome by self-reported ethnicity. Alcohol
Clin Exp Res. 2003;27(8):1340-1344. [PubMed: 12966335]

Mulia N, Ye Y, Greenfield TK, Zemore SE. Disparities in alcohol-related problems among white,
black, and Hispanic Americans. Alcohol Clin Exp Res. 2009;33(4):654-662. [PubMed: 19183131]
Bobb JF, Lee AK, Lapham GT, et al. Evaluation of a Pilot Implementation to Integrate Alcohol-
Related Care within Primary Care. Int J Environ Res Public Health. 2017;14(9).

Glass JE, Bobb JF, Lee AK, et al. Study protocol: a cluster-randomized trial implementing
Sustained Patient-centered Alcohol-related Care (SPARC trial). Implementation science : IS.
2018;13(1):108. [PubMed: 30081930]

Ho SB, Brau N, Cheung R, et al. Integrated Care Increases Treatment and Improves Outcomes of
Patients With Chronic Hepatitis C Virus Infection and Psychiatric IlIness or Substance Abuse.
Clinical gastroenterology and hepatology : the official clinical practice journal of the American
Gastroenterological Association. 2015;13(11):2005-2014 e2001-2003. [PubMed: 25724704]

Hepatology. Author manuscript; available in PMC 2021 June 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rogal et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 14

Borro P, Leone S, Testino G. Liver Disease and Hepatocellular Carcinoma in Alcoholics: The Role
of Anticraving Therapy. Curr Drug Targets. 2016;17(2):239-251. [PubMed: 25981604]

Goh ET, Morgan MY. Review article: pharmacotherapy for alcohol dependence - the why, the what
and the wherefore. Alimentary pharmacology & therapeutics. 2017;45(7):865-882. [PubMed:
28220511]

Addolorato G, Mirijello A, Leggio L, Ferrulli A, Landolfi R. Management of alcohol dependence
in patients with liver disease. CNS Drugs. 2013;27(4):287-299. [PubMed: 23456576]

Vuittonet CL, Halse M, Leggio L, et al. Pharmacotherapy for alcoholic patients with alcoholic liver
disease. Am J Health Syst Pharm. 2014;71(15):1265-1276. [PubMed: 25027533]

Delgrange T, Khater J, Capron D, Duron B, Capron JP. [Effect of acute administration of
acamprosate on the risk of encephalopathy and on arterial pressure in patients with alcoholic
cirrhosis]. Gastroenterol Clin Biol. 1992;16(8-9):687-691. [PubMed: 1426825]

Skinner MD, Lahmek P, Pham H, Aubin HJ. Disulfiram efficacy in the treatment of alcohol
dependence: a meta-analysis. PloS one. 2014;9(2):e87366. [PubMed: 24520330]

Eneanya DI, Bianchine JR, Duran DO, Andresen BD. The actions of metabolic fate of disulfiram.
Annu Rev Pharmacol Toxicol. 1981;21:575-596. [PubMed: 7016017]

Rose AK, Jones A. Baclofen: its effectiveness in reducing harmful drinking, craving, and negative
mood. A meta-analysis. Addiction. 2018;113(8):1396-1406. [PubMed: 29479827]

Addolorato G, Leggio L, Ferrulli A, et al. Effectiveness and safety of baclofen for maintenance of
alcohol abstinence in alcohol-dependent patients with liver cirrhosis: randomised, double-blind
controlled study. Lancet. 2007;370(9603):1915-1922. [PubMed: 18068515]

Leggio L, Ferrulli A, Zambon A, et al. Baclofen promotes alcohol abstinence in alcohol dependent
cirrhotic patients with hepatitis C virus (HCV) infection. Addict Behav. 2012;37(4):561-564.
[PubMed: 22244707]

Hauser P, Fuller B, Ho SB, Thuras P, Kern S, Dieperink E. The safety and efficacy of baclofen to
reduce alcohol use in veterans with chronic hepatitis C: a randomized controlled trial. Addiction.
2017;112(7):1173-1183. [PubMed: 28192622]

Hepatology. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rogal et al.

==

Cirrhosis + AUD
N=38,353

Page 15

New opportunity
for AUD treatment
N=35,682 (93%)

within 60 days
N=2,671 (7%)

Prior AUD treatment

\FolloweAd for 180 days

Behavioral
treatment alone
N=4,461(12%)

Both behavioral +

pharmacotherapy
N=468 (1%)

Pharmacotherapy
alone
N=159 (0.4%)

Figure 1. Cohort of Veterans with cirrhosis and alcohol use disorder (AUD).
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Figure 2. Univariate associations between AUD treatment and clinical outcomes
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Table 1.

Baseline Demographic and Clinical Characteristics by AUD Treatment Status

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

ANY TREATMENT TYPE OF TREATMENT
Patient Factors Total No Any p-value | Behavioral Pharmacotherapy Both p-value
— cohort treatment treatment only only (n=159) treatments
Demographics (n=35,682) (n=30,594) (n=5,088) (n=4461) (n=468)
Age (mean sd) 58.7 (7.7) 59.3 (7.5) 55.7 (7.6) | <0.0001 | 55.9 (7.4) 54.8 (9.9) 53.9(8.5) <0.0001
Race/Ethnicity <0.0001 <0.0001
Non-Hispanic 25452 21898 3554
White (71.3) (71.6) (69.9) 3053 (68.4) 127 (79.9) 374 (79.9)
1118
Hispanic | 6723 (18.8) | 5605 (18.3) (22.0) 1048 (23.5) 17 (10.7) 53 (11.3)
Non-Hispanic
Black | 2045 (5.7) 1775 (5.8) 270 (5.3) 232 (5.2) 9(5.7) 29 (6.2)
Non-Hispanic
Other | 1462 (4.1) 1316 (4.3) 149 (2.9) 128 (2.9) 6(3.8) 12 (2.6)
N=33,390
Sex (female) 712 (2.0) 569 (1.9) 143 (2.8) | <0.0001 | 124 (2.8) 4(2.5) 15 (3.2) <0.0001
Marital status <0.0001 <0.0001
1143
Married | 9834 (27.6) | 8691 (28.4) (22.5) 972 (21.8) 49 (30.8) 122 (26.1)
Single | 5709 (16.0) | 4736 (15.5) | 973(19.1) 862 (19.3) 24 (15.1) 87 (18.6)
17497 14993 2504
Div/widowed/etc (49.0) (49.0) (49.2) 2213 (49.6) 72 (45.3) 219 (46.8)
N=33,040
Lack/inadequate
housing 1955 (5.5) 1332 (4.4) 623 (12.2) | <0.0001 | 567 (12.7) 12 (7.6) 44 (9.4) <0.0001
Period of service 23585 20802 2783
(Vietnam era) (66.1) (68.0) (54.7) <0.0001 | 2499 (56.0) 82 (51.6) 202 (43.2) | <0.0001
| | | |
Liver Disease
Factors
17699 14862 2837
HCV (yes) (49.6) (48.6) (55.8) <0.0001 | 2591 (58.1) 53 (33.3) 193 (41.2) | <0.0001
Prior
decompensation 2989 (8.4) 2623 (8.6) 366 (7.2) 0.001 340 (7.6) 7(4.4) 19 (4.1) <0.0001
HCC (yes) 473 (1.3) 423 (1.4) 50 (1.0) | 0.021 | 48 (1.1) 0(0.0) 2(0.4) 0.051
MELD (mean,
sd) 10.6 (4.8) 10.7 (4.9) 10.3 (4.5) | <0.0001 10.4 (4.5) 9.8 (3.8) 9.7 (4.3) 0.0001

SUD Factors
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ANY TREATMENT TYPE OF TREATMENT
Patient Factors Total No Any p-value | Behavioral Pharmacotherapy Both p-value
— cohort treatment treatment only only (n=159) treatments
Demographics (n=35,682) (n=30,594) (n=5,088) (n=4461) (n=468)
Nicotine Use 1206
Disorder 7948 (22.3) | 6742 (22.0) (23.7) 0.008 1069 (24.0) 41 (25.8) 96 (20.5) 0.016
Opioid Use
Disorder 893 (2.5) 604 (2.0) 289 (5.7) <0.0001 278 (6.2) 4(2.5) 7(1.5) <0.0001
Cocaine
Diagnosis 1464 (4.1) 934 (3.1) 530 (10.4) | <0.0001 | 498 (11.2) 7(4.4) 25 (5.3) <0.0001
Cannabis
Diagnoses 1084 (3.0) 752 (2.5) 332 (6.5) <0.0001 309 (6.9) 6(3.8) 17 (3.6) <0.0001
Other Drug-
Related
Diagnoses 2424 (6.8) 1641 (5.4) 783 (15.4) | <0.0001 700 (15.7) 18 (11.3) 65 (13.9) <0.0001
AUDIT-C (mean,
sd) 3.78 (3.8) 3.61(3.7) 4.96 (4.4) | <0.0001 4.77 (4.4) 5.99 (4.71) 6.62 (4.46) | <0.0001
| | | | | |
Other
Comorbidities
1608
Mood Disorders 8006 (22.4) | 6398 (20.9) (31.6) <0.0001 | 1402 (31.4) 65 (40.9) 141 (30.1) | <0.0001
Anxiety
disorders 2081 (5.8) 1682 (5.5) 399 (7.8) <0.0001 341 (7.6) 22 (13.8) 36 (7.7) <0.0001
Schizophrenia | 960 (2.7) | 792 (2.6) | 168 (3.3) | 0.004 | 157 (3.5) | 5(3.) | 6(13) | 0.001
PTSD | 4143 (11.6) | 3441 (11.3) | 702 (13.8) | <0.0001 | 611 (13.7) | 32(20.1) | 59 (12.6) | <0.0001
Charlson
Comorbidity
Index (mean, sd) 0.8(1.0) 0.8 (1.0 0.6 (0.9) <0.0001 0.6 (0.9) 0.6 (1.0) 0.4 (0.7) <0.0001

HCV=hepatitis C virus, ETOH=alcohol, HCC=hepatocellular carcinoma, MELD=model for end-stage liver disease, SUD=substance use disorders,
AUDIT-C=AUD Identification Test Consumption screening tool, PTSD=posttraumatic stress disorder

Data cell values are N(%), unless otherwise labeled as mean (sd)

MELD was available for N=32,728 and AUDIT-C for N=26,148
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Table 2.

Multivariable models of baseline factors associated with AUD treatment ™

Any Treatment | Behavioral only | Pharmacotherapy only | Both treatments

AOR (95% Cl) |

ARRR (95% Cl)

Patient Factors—Demographics
Age
Race/Ethnicity (vs. Non-Hispanic White)
Hispanic
Non-Hispanic Black
Non-Hispanic Other
Sex (vs. female)
Marital status (vs. married)
Single
Divorced/widowed
Homeless
Period of service (Vietnam era)
Liver Disease Factors
HCV

Hepatic decompensation

MELD ™*

SUD Factors
Nicotine Use Disorder
Opioid Use Disorder
Cocaine

Cannabis

Other Drug-Related Diagnoses
AUDIT-C

Other Comorbidities
Mood Disorders
Anxiety disorders
Schizophrenia

PTSD

Charlson Comorbidity Index

0.96 (.95,.96)

1.01 (.84,1.21)
1.23 (1.07,1.41)
0.90 (.70,1.14)
0.86 (.67,1.10)

1.07 (.94,1.22)
1.04 (.95,1.13)
1.73 (1.49,2.02)
0.96 (.84,1.09)

1.20 (1.08,1.34)
1.02 (.86,1.21)

1.00 (0.99,1.00)

0.95 (.85,1.06)
1.60 (1.28,2.00)
1.77 (1.46,2.16)
1.25 (1.04,1.50)
1.66 (1.43,1.93)
1.09 (1.07,1.10)

1.56 (1.40,1.74)
1.10 (.95,1.28)
0.95 (.77,1.15)
1.14 (1.02,1.29)
0.87 (.83,.91)

0.96 (.95,.96)

0.99 (.83,1.18)
1.26 (1.09,1.46)
93 (.72,1.20)
0.85 (.65,1.10)

1.10 (.96,1.26)
1.08 (.98,1.18)
1.76 (1.49,2.08)
0.98 (.86,1.11)

1.27 (1.15,1.41)
1.06 (.89,1.26)

1.00 (.99,1.01)

0.93 (0.82,1.05)
1.70 (1.36,2.12)
1.85 (1.53, 2.25)
1.32 (1.10,1.60)
1.63 (1.41,1.89)
1.08 (1.07,1.09)

1.47 (1.31,1.65)
1.10 (0.94,1.29)
0.97 (0.79,1.19)
1.14 (1.01,1.27)
0.88 (.58,1.65)

0.95 (.92,.99)

0.88 (.35,2.25)
1.06 (.61,1.87)
0.56 (.15,2.07)
0.92 (.27,3.16)

0.79 (.42,1.50)
0.89 (.57, 1.40)
1.39 (.59,3.24)
0.87 (.49,1.56)

0.64 (.40,.99)
0.85 (.40,1.84)

0.97 (.94,1.01)

1.22 (.75,1.98)
0.91 (.29,2.83)
1.06 (.37,2.99)
0.73 (.20,2.65)
1.13 (58,2.18)
1.14 (1.09,1.19)

2.86 (1.78,4.59)
1.45 (.80,2.64)
1.16 (.35,3.84)
1.53 (.83,2.83)
0.83 (.61,1.13)

0.96 (.94,.98)

1.28 (.82,1.99)
0.84 (.57,1.25)
0.79 (.37,1.68)
0.90 (.47,1.74)

0.91 (.62,1.33)
0.75 (.56,.99)
1.51 (.98,2.33)
0.74 (.53,1.04)

0.85 (.62,1.15)
0.64 (.35,1.19)

0.98 (.95,1.02)

1.10 (.84,1.43)
0.57 (.24,1.38)
0.92 (.46,1.84)
0.70 (.32,1.54)
2.43 (1.55,3.81)
1.17 (1.13,1.21)

2.29 (1.71,3.06)
0.99 (.61,1.60)
0.44 (.14,1.33)
1.04 (.70,1.53)
0.74 (.61,.89)

*
vs. no treatment; bold indicates statistically significant associations in multivariate models

*ok

MELD measured at the date closest to but before the index diagnosis date baseline; complete labs available for N=32,728

Page 19

HCV=hepatitis C virus, ETOH=alcohol, HCC=hepatocellular carcinoma, MELD=model for end-stage liver disease, AUDIT-C=AUD ldentification
Test Consumption screening tool, PTSD=posttraumatic stress disorder; Cl=confidence interval
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Table 3:

Death and hepatic decompensation over 180-day follow-up ™

Page 20

decompensation

Clinical Outcomes No AUD treatment | Any AUD treatment | Behavioral only | Pharmacotherapy only | Both treatments
n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

Death 1,203/30,594 (3.9) 133/5,088 (2.6) 124 /4,461 (2.8) 1/159 (0.6) 8/468 (1.7)

New hepatic 3,267/28,282 (11.6) 287/4,411 (6.5) 251/3,835 (6.5) 8/146 (5.5) 28/430 (6.5)

*
Denominators differ for death and decompensation analyses, because patients with prior decompensation were removed from the new

decompensation analysis.
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