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Abstract
Background: Alcoholic liver disease (ALD) is still increasing
and leads to acute liver injury but also liver cirrhosis and
subsequent complications such as liver failure or hepato-
cellular carcinoma (HCC). As most patients fail to achieve
alcohol abstinence, it is essential to identify alternative
treatment options in order to improve the outcome of ALD
patients. Methods: Evaluating two large cohorts of patients
with ALD from the USA and Korea with a total of 12,006
patients, we investigated the effect on survival of aspirin,
metformin, metoprolol, dopamine, and dobutamine drugs
in patients with ALD between 2000 and 2020. Patient data
were obtained through the “The Observational Health Data
Sciences and Informatics consortium,” an open-source,
multi-stakeholder, and interdisciplinary collaborative effort.
Results: The use of aspirin (p = 0.000, p = 0.000), metoprolol
(p = 0.002, p = 0.000), and metformin (p = 0.000, p = 0.000)

confers a survival benefit for both AUSOM- and NY-treated
cohorts. Need of catecholamines dobutamine (p = 0.000, p =
0.000) and dopamine (p = 0.000, p = 0.000) was strongly
indicative of poor survival. β-Blocker treatment with me-
toprolol (p = 0.128, p = 0.196) or carvedilol (p = 0.520, p =
0.679) was not shown to be protective in any of the female
subgroups. Conclusion: Overall, our data fill a large gap in
long-term, real-world data on patients with ALD, confirming
an impact of metformin, acetylsalicylic acid, and β-blockers
on ALD patient’s survival. However, gender and ethnic
background lead to diverse efficacy in those patients.

© 2023 S. Karger AG, Basel

Introduction

Alcohol consumption is a global healthcare problem
resulting in serious pathological changes causing acute
liver injury such as alcoholic hepatitis but also liver
cirrhosis and subsequent complications such as liver
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failure or hepatocellular carcinoma (HCC). Taken to-
gether, these alcohol-related affections are referred to as
alcohol-related liver disease (ALD). According to the
Global Status Report on Alcohol and Health 2018 by the
World Health Organization (WHO), 57% of the pop-
ulation over the age of 15 years (3.1 billion people) has
consumed alcohol in the last 12 months, and 2.3 billion
people are current drinkers. Overall, the global burden for
ALD is rapidly increasing [1]. Thus, ALD remains a
threatening and mortal disease [2], frequently requiring
medical treatment.

The main treatment for ALD is long-term alcohol
abstinence. However, as many patients have difficulties
restraining alcohol use but also depending on the degree
of complications caused by ALD, other (drug treatment)
options are repeatedly considered [2, 3]. Liver trans-
plantation remains the only valid therapeutic option.
However, in some countries, e.g., Germany, this option
may only be available after 6 months of abstinence, which
again is elusive in many patients.

As drugs such as acetylsalicylic acid (ASA), antidia-
betic medications such as metformin, or statins were
considered to lower HCC risk in patients with chronic
liver disease in general, they may also be of interest in
ALD [4]. However, very little is known about the benefit
of these drugs in ALD without liver cancer. In particular,
long-term register data are not available. Also, compar-
ative analyses with respect to gender or ethnic back-
ground are widely lacking. Given the impact of ALD on
public health and the undisputed urgent need to provide
novel preventive and therapeutic strategies, we performed
a large register study on two large cohorts –Western and
Asian patients – of patients with ALD in order to evaluate
the efficacy of diverse medications for these patients.

Patients and Methods

Package for Managing and Analyzing
All patient data were extracted from electronic health records,

collected and stored by The Observational Health Data Sciences
and Informatics (OHDSI, https://www.ohdsi.org) consortium, a
multi-stakeholder, interdisciplinary collaborative to promote value
of health data through large-scale analytics. All data were stan-
dardized to the OMOP Common Data Model (common termi-
nologies, vocabularies, coding schemes) which allows for the
systematic analysis of disparate observational databases. Obtained
data were queried using R statistical software (https://www.r-
project.org).

R Package AlcoholicLiverDisease
In order to search and analyze the collected data, we created a

specific R package “AlcoholicLiverDisease,”which is freely available at

https://github.com/ohdsi-studies/AlcoholicLiverDisease. Connection
between the database and our R package was performed using the R
DatabaseConnector package (https://cran.r-project.org/web/packages/
DatabaseConnector/). In order to support different SQL database
dialects, we used the SqlRender package (https://cran.r-project.
org/web/packages/SqlRender), translating our SQL template
script into the specific target SQL dialect.

Database Queries OHDSI
All queries were executed fully analyzed on the local databases

of Columbia University and Ajou University. Once finished, the
results were manually sent to the study coordinating center at the
Division of Hepatology, Department of Medicine II, Medical
Faculty Mannheim, Heidelberg University. Further analysis at the
study coordinating center was therefore fully anonymized.

Patient Inclusion
All patients who had an OHDSI database entry “Alcoholic liver

damage (OHDSI ID 201612)” or any of the downstream linked
terms such as “Alcoholic fatty liver” (OHDSI ID 193256), “Al-
coholic cirrhosis” (OHDSI ID 196463), “Acute alcoholic liver
disease” (OHDSI ID 201343), “Alcoholic liver damage” (OHDSI
ID 201612), “Zieve’s syndrome” (OHDSI ID 4195620), “Chronic
alcoholic hepatitis” (OHDSI ID 4146181), “Alcoholic hepatic
failure” (OHDSI ID 4340386), “Alcoholic hepatitis” (OHDSI ID
4340383), “Chronic alcoholic liver disease” (OHDSI ID 37017009)
and “Acute on chronic alcoholic liver disease” (OHDSI ID
37017151) were selected. Only patients in whom the diagnosis was
established after January 1, 2000, were included in our study.
Furthermore, all patients with concomitant viral hepatitis (OHDSI
ID 4291005) inclusive any of the downstream dependent concepts/
terms were also excluded in order to have a very well-defined ALD
cohort. For survival analysis, we furthermore enriched the local
analysis table with information on the death date. This date was
specified to occur after initial documentation of ALD. Time to
event was calculated by the time difference in days between the
documented date of diagnosis (OHDSI condition_era_start_date
out of the condition_era table) and either the death date or last
patient contact (OHDSI observation_period_end_date out of the
obeservation_period table), if death date was not available.

The need for informed consent was waived by the Columbia
University Institutional Review Board, approval number AAAO-
7805, last approved on March 22, 2022. At Ajou University, the
study was approved by the Institutional Review Board, approval
number AJOUIRB-MDB-2021-635.

Evaluation of Treatment Efficacy
All patients were queried for administered drugs, diagnosis, and

procedures. Available drug information was extracted from the
OHDSI drug_exposure table if the drug_exposure_date was
documented after (later) the concondition_era_start_date. Sub-
sequently, these drugs were manually searched for treatment ef-
ficacy with respect to patient’s survival. For associated survival
analysis, the cohort was divided into two groups: treatment and
non-treatment for each individual drug, diagnosis, or procedure.

Survival/Kaplan-Meier Analysis
The final survival analysis was performed using the R survival

package (https://cran.r-project.org/web/packages/survival).
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Code Availability
All project-specific programming code is freely available from

https://github.com/ohdsi-studies/AlcoholicLiverDisease.

Results

Patient Characteristics
Overall, we investigated 12,006 patients with ALD. Of

those, 7,339 were treated at Ajou University Gyeonggi
Province (AUSOM) in South Korea and 4,667 were
treated at Columbia University, New York (Table 1). The
Columbia University cohort (NYC) was demonstrated to
include a significantly higher number of patients with
advanced cirrhosis compared to the AUSOM cohort
(63% vs. 48%). Also, complications of cirrhosis such as GI
bleeding (18.8% vs. 9.3%) or ascites (32.1% vs. 8.8%) were
significantly more prominent in the NYC cohort. In
addition, the rate of alcoholic-induced organic and
mental disorder was much higher in the NYC cohort as
compared to the AUSOM cohort (28% vs. 3.9%). As per
database selection, none of those patients suffered from
documented chronic hepatitis B or C (Table 1).

Effect of Common Co-Medications on ALD
ASA or Aspirin
For both AUSOM and NYC cohorts, patients taking

ASA showed significantly better survival in comparison
to the non-treated group. Of note, the AUSOM cohort
presents very high survival indexes for both treated and
non-treated patients. In contrast, the NY cohort reflects

an overall faster decay in survival numbers. However,
there is a significant difference between treated and non-
treated groups (p = 0.000, Fig. 1) and ASA use was as-
sociated with a highly significantly improved survival in
both cohorts (Fig. 1).

In gender-specific subgroups, effects of ASA on ALD
patient’s survival remained significant in male patients of
both the AUSOM andNYC cohorts (NYCmale p = 0.000,
AUSOM male p = 0.000, online suppl. Fig. 1; for all
online suppl. material, see www.karger.com/doi/10.
1159/000529914). However, in female patients, a sig-
nificance of ASA treatment with respect to survival
efficacy was not observed (AUSOM female p = 0.361,
online suppl. Fig. 1).

Metformin
Similarly, metformin seems to confer a slight pro-

tection to both AUSOM and NYC patients in comparison
to results from non-treated individuals. As depicted in
Figure 2, for patients treated with metformin, the NYC
cohort was demonstrated to exhibit a definitely larger
difference between treated and non-treated groups as
compared to the AUSUM cohort. However, the observed
differences in survival were highly statistically significant
in both cohorts (p = 0.000).

We again investigated gender-specific subgroups. In
both cohorts, AUSOM and NYC, effects of ASA on
ALD patient’s survival remained significant in both
genders, male and female (NYC male p = 0.000, NYC
female p = 0.000, AUSOM male p = 0.000, AUSOM
female p = 0.023, online suppl. Fig. 2).

Table 1. Patient characteristics
Columbia
University

Ajou University

n % n %

Patients, n 4,667 100.00 7,339 100.00
Male 3,320 71.14 6,661 90.76
Female 1,347 28.86 678 9.24
GI bleeding 877 18.79 688 9.37
Cirrhosis 2,933 62.85 3,287 44.79
Beta-blockers 1,677 35.93 1,641 22.36
Transplant 167 3.58 116 1.58
Fibrosis 32 0.69 15 0.20
Encephalopathy 743 15.92 51 0.69
HCC 117 2.51 419 5.71
Alcoholic-induced organic and mental disorder 1,304 27.94 286 3.90
Schizophrenia 102 2.19 4 0.05
Ascites 1,498 32.10 643 8.76
Hepatitis B 0 0.00 0 0.00
Hepatitis C 0 0.00 0 0.00
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β-Blocker: Metoprolol
Metoprolol presents a similar pattern or effect on

AUSOM and NYC cohorts as ASA and metformin. In
general, the survival analysis pointed out metoprolol as
a drug conferring a beneficial impact on ALD patients
in comparison to the non-treated group. Those dif-
ferences were statistically significant for both AUSOM
and NYC cohorts (p = 0.002 and p = 0.000, respectively,
Fig. 3). Of interest, for both cohorts, gender-specific
subgroup analysis revealed significance for metoprolol
treatment only in males (males NYC p = 0.000, males
AUSOM p = 0.007, females NYC p = 0.196, females
AUSOM p = 0.128, online suppl. Fig. 3).

β-Blocker: Carvedilol
In contrast to metoprolol, carvedilol did not cause

significant differences in survival among Asian patients
in the AUSOM cohort (p = 0.126, Fig. 4a). In contrast,
the drug was found to have a significant impact on
patient’s survival (more severely ill) in the NYC cohort.
In comparison to the non-treated group, patients who
received carvedilol had a significantly better survival
(p = 0.001, Fig. 4b).

Just as for metoprolol, effects of carvedilol were not
observed in female patients with ALD (NYC p = 0.679,
AUSOM p = 0.520, online suppl. Fig. 4). As for male pa-
tients, carvedilol had a significant impact on more severely
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Fig. 2. ALD patient’s survival. a AUSOM cohort treated with
metformin (blue line) and non-treated (red line). b NYC cohort
treated with metformin (blue line) and non-treated patients (red
line).
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Fig. 1. ALD patient’s survival. a AUSOM cohort treated with
aspirin (blue line) and non-treated (red line). b NYC cohort
treated with aspirin (blue line) and non-treated patients (red
line).
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ill patients in NYC (p = 0.000), whereas in the AUSOM
cohort, significance evaluation of treatment impact closely
missed the 5% error margin (p = 0.075, online suppl. Fig. 4).

Catecholamines: Dopamine and Dobutamine
For both AUSOM and NY cohorts, survival rates were

low once those patients required treatment with catechol-
amines. As for dopamine treatment, AUSOM patient’s
survival rate drops rapidly, advocating for a significant
impact on survival probability. Of note, however, an almost
steady low plateau of patient’s survival was reached in this
cohort (p = 0.000, Fig. 5a). In contrast, survival dropped
continuously in the NYC dopamine group, again with a
significantly increased risk of those patients being treated
with dopamine (p = 0.000, Fig. 5b).

Similar results were observed for dobutamine treatment.
AUSOM patient’s survival rate dropped rapidly before
reaching a plateau, showing a highly significant difference in
survival (p = 0.000, Fig. 6a). In contrast, survival dropped
continuously in the NYC dopamine group, again with a
significantly increased risk of those patients being treated
with dopamine (p = 0.000, Fig. 6b).

Discussion

Excessive alcohol consumption leads to a wide spec-
trum of alcohol-associated liver diseases including alco-
holic hepatitis, (acute-on-chronic) liver failure, or liver
cirrhosis including its subsequent complications such as
portal hypertension or HCC [1, 5]. Due to the severe
complications of ALD on personal life, but also a
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Fig. 4. ALD patient’s survival. a AUSOM cohort treated with
carvedilol (blue line) and non-treated (red line). b NYC cohort
treated with metoprolol (blue line) and non-treated patients (red
line).
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Fig. 3. ALD patient’s survival. a AUSOM cohort treated with meto-
prolol (blue line) and non-treated (red line). bNYC cohort treated with
metoprolol (blue line) and non-treated patients (red line).
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considerable impact on public health and even health
economics, it is urgent to identify novel perspectives and
treatment options aside from healthy habits and/or ab-
stinence. During the past decade, solid data were accu-
mulated supporting metformin, ASA, or β-blockers as
effective drugs in patients with liver cirrhosis, at least to
significantly reduce the incidence of HCC or variceal
bleeding in patients at risk [4]. However, long-term, real-
world data on these drugs and their relevance in patients
with ALD are lacking.

Metformin was likely the most prominent drug to be
investigated for its protective effect in liver cirrhosis and
particularly liver cancer development. Systematic reviews
and meta-analyses by Zhou et al. [6] and Decensi et al. [7]

both suggested a strong protective association between
metformin and HCC risk. However, metformin was also
reported to be associated with increased risks of mortality
and cirrhotic decompensation in patients with compensated
liver cirrhosis [8]. In this context and somewhat in contrast
to the data by Yen et al. [8] fromTaiwan (although not all of
our patients suffered from liver cirrhosis), our data from two
large independent cohorts provide important real-world
evidence that metformin is of highly significant benefit in
both Western and Asian cohorts of chronic ALD. Of note,
the benefit was even higher in more severe disease NYC
cohort with 63% of patients suffering from liver cirrhosis, a
considerable 32.1% reporting ascites, and an additional
18.8% having a history of GI bleeding.
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Fig. 5. ALD patient’s survival. a AUSOM cohort treated with
dopamine (blue line) and non-treated (red line). b NY cohort
treated with dopamine (blue line) and non-treated patients (red
line).
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Fig. 6. ALD patient’s survival. a AUSOM cohort treated with
dobutamine (blue line) and non-treated (red line). b NYC cohort
treated with dobutamine (blue line) and non-treated patients (red
line).
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Also, during the past decade, there is evidence for a
protective role of ASA in early liver disease patients and
those at risk of HCC development [9–11]. In a recent
study based on nationwide Swedish registries, the pro-
tective impact of ASA in patients with viral hepatitis
demonstrated an estimated cumulative HCC incidence of
4.0% for the ASA group and 8.3% for the non-ASA group
within the observation period of 7.9 years. Similar results
were found in a Taiwan nationwide cohort study [9].
Also, pooled analysis of 2 prospective US healthcare
cohorts even suggested a dose- and duration-dependent
benefit in a healthy population. A significantly lower
HCC risk was observed with increasing the duration of
the use of 1.5 or more standard-dose ASA tablets (325
mg) per week for 5 or more years [10, 12]. In this context,
our data clearly demonstrated that indeed ASA can
confer protection to those ALD patients.

Non-selective beta-blockers (NSBBs) are well estab-
lished for prevention of esophageal varices and bleeding
[13]. However, not all NSBBs proved equal. Carvedilol,
which exhibits additional vasodilatory anti-alfa-1-adren-
ergic activity, might be deleterious in decompensated
patients as it is more likely to cause a systemic hemody-
namic depressive effect and may be best avoided or very
closely monitored [14]. We therefore investigated both
metoprolol and carvedilol for their impact on survival of
ALD patients. Surprisingly, effects of both drugs were only
significant in male patients, the reason of which remained
unclear. For carvedilol, significant effects were only ob-
served in the NYC cohort. This may have to do with the
fact that in the AUSOM cohort, only 44.8% of the patients
suffered from liver cirrhosis, and it must therefore be
assumed that only a minority of patients had portal hy-
pertension which would benefit from β-blocker therapy.
Furthermore, it was previously discussed whether the
mortality rate of patients with liver cirrhosis may increase
as a result of NSBB and therapy-refractory ascites [15–18].
Our data indicate that β-blocker treatment in patients with
ascites (not necessarily treatment refractory)may be safe as
for both metoprolol and carvedilol treatment, a significant
survival advantage was particularly demonstrated in the
NYC cohort, including 32% of patients with ascites.

Lastly, catecholamines such as dopamine and dobut-
amine were discussed to prevent cirrhotic and aberrant liver
events due to their roles in ionotropic support [19]. How-
ever, our results do not support such a beneficial view on
dopamine or dobutamine in ALD patient’s survival. This
may most likely be due to a strong selection bias as those
patients who received catecholamines at one point during
their course of disease may usually receive these drugs
during ICU treatment. Since the necessity of ICU treatment

in ALD patients may per se be a predictor for worse out-
come, we believe to basically have selected patients with
some sort of ICU treatment requiring severe deterioration of
their disease.

As the discussion on catecholamine effects on patient’s
survival in ALD and a potential selection bias may already
indicate, our study also has limitations. Due to the retro-
spective nature of the register data, we were not able to fully
distinguish between compensated and decompensated liver
cirrhosis. However, looking at the patient’s characteristics
as provided in Table 1, we analyzed an NYC cohort with
18.79% GI bleeding, 15.92% encephalopathy, and 32.1%
ascites, whereas the South Korean cohort included only
9.32% GI bleeding, 0.69% encephalopathy, and 8.76%
ascites. Thus, one could at least argue that the South Korean
cohort should mostly suffer from compensated cirrhosis,
whereas the NYC group included a considerable number of
patients with signs of decompensated liver cirrhosis. De-
spite this limitation, most results on drug efficacy in cir-
rhosis were still overlapping between those 2 patient co-
horts. Furthermore, for most of the investigated drugs, the
exact biochemical mode of action has not yet been clarified.
Metformin treatment is still a matter of debate among
experts in the field. However, some clinical guidelines (e.g.,
the recently revised German guideline [20]) already rec-
ommend considering treatment in patients with chronic
liver disease and non-insulin-dependent diabetes mellitus
as it may be considered to reduce the risk of HCC. The
authors argued that it is known that the risk of HCC in
diabetics, particularly when they suffer from co-existing
metabolic syndrome, is increased and a number of pub-
lications, mostly retrospective cohort studies, have dem-
onstrated a reduction in the incidence of HCC in diabetics
onmetformin therapy. In contrast, therapy withmetformin
in diabetes and chronic liver disease does not necessarily
lead to an increased risk of toxicity including the risk of
lactic acidosis if well-established contraindications are re-
spected. Overall, our data add considerably to this ongoing
discussion by providing further real-world data on two
large patient cohorts in favor of metformin treatment and
demonstrating an effect on survival.

Conclusion

Overall, our data fill a large gap in long-term, real-world
data in patients with ALD. We demonstrated an impact of
metformin, ASA, and β-blockers on ALD patient’s sur-
vival. The need of catecholamines was associated with poor
prognosis. However, it became also clear – by performing a
comparative analysis of Western and Asian cohorts – that
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not all approaches seemed to be universally applicable.
Particularly, gender-specific differences were obvious as,
e.g., female Asian patients did not benefit from ASA or
NSBB. NSBB treatment was particularly beneficial for the
more severely sick patients within the NYC cohort. As the
benefit of supportive treatments may vary significantly in
Western and Asian cohorts but also among male and
female patients, these subgroup analyses will be essential
for further, prospective studies.
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