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ABSTRACT

Alcohol is a commonly consumed and enjoyed commodity within the global
population today. Despite a purported reduction in coronary artery
disease with moderate alcohol use, chronic excessive alcohol consumption
can lead to deleterious health effects. While mainly associated with liver
disease, injury, and mental health, it can also have devastating effects on
the cardiovascular system, such as heart failure, sudden cardiac death, and
stroke. More than 280 million people worldwide are currently diagnosed
with alcohol use disorder. Alcohol and its metabolites exert both direct and
indirect toxic effects on myocardial tissues and can lead to myocardial cell
damage, apoptosis, fibrosis, and progressive myocardial dysfunction,
specifically dilated cardiomyopathy. We present the current epidemiology
and incidence, outline the major toxic effects of alcohol and why they occur,
discuss the current guideline-directed treatment strategies, and propose
targets for possible therapies in the future based on pathophysiology.
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Introduction

Heart disease caused by alcohol is by no means a new
phenomenon. It has been previously described and
studied for more than a century. It was first mentioned as
“alcoholic heart disease” in 1902 by William Mackenzie
in his work Study of the Pulse!. Even before that term was
used, Otto Bollinger, a German pathologist, described
“Munich Beer Heart” in 1884. He discovered that findings
of dilated cardiomyopathy on autopsy were far greater
in the population of Munich as compared to Berlin. At the
time, Munich was known to have a higher alcohol
consumption rate than other German cities, which led
Bollinger to make this connection between increased
average alcohol intake and the prevalence of dilated
cardiomyopathy.?

Alcohol is commonly consumed within the global
population today. Despite the Framingham Heart Study
suggesting a reduction in coronary artery disease events
with moderate alcohol use3, chronic excessive alcohol
consumption can lead to deleterious health effects such as
heart failure. Heart failure is most often caused by
ischemic heart disease and hypertension. However, there
are various diseases, insults, or toxins that can lead to
heart disease and failure, labeled non-ischemic
cardiomyopathies. Alcoholic cardiomyopathy (ACM) is a
form of dilated cardiomyopathy caused by chronic and
excessive alcohol consumption.’ In the 2021 American
College of Cardiology (ACC)/American Heart
Association (AHA) Guidelines, alcohol consumption was
noted as a significant risk factor for the development of
heart failure.®

Today, ACM is recognized as one of the most common
causes of nonischemic dilated cardiomyopathy (DCM).
While the most obvious treatment is abstinence first,
medical therapies are being explored to reduce the
morbidity and mortality associated with ACM. We discuss
the epidemiology, pathophysiology, clinical features, and
current management of ACM. Potential new therapies,
based on the cellular pathophysiology of alcohol and its
metabolites, are discussed.

Epidemiology

As of 2016, it was estimated that 2.3 billion persons were
current drinkers, and 283 million persons worldwide age
15 or older had an alcohol use disorder.” ACM
represents a significant public health concern due to its
association with high morbidity and mortality rates. It is
the leading cause of non-ischemic dilated
cardiomyopathy.8 According to the Center for Disease
Control’s (CDC) Alcohol-Related Disease Impact (ARDI)
tool, the total annual attributable deaths due to excessive
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alcohol use in the United States (as of 2020-2021) was
178,307 with the ratio of men to women slightly greater
than 2:1.9 Additionally, the total annual attributable
deaths to alcoholic cardiomyopathy in the United States
was 665 with the ratio of men to women greater than
5:19 A study of 490,000 patients demonstrated
increased all-cause mortality in those who were heavy
drinkers under the age of 60.0 Even acute alcohol
ingestion was shown to depress the preload, afterload,
and systemic vascular resistance in healthy young
adults.’' Heavy alcohol consumption (greater than 80g
daily) for greater than 5 years places a person at risk
for developing ACM.8

The incidence of ACM in heavy alcohol drinkers is 1-2%.
However, since there are so many heavy drinkers, ACM
is one of the leading causes of non-ischemic dilated
cardiomyopathy, given that 21-36% of all cases are
attributed to heavy alcohol wuse.'? One study
demonstrated that in patients with dilated DCM, there
was a 40% prevalence of patients who drank more
alcohol than the weekly recommendations as compared
to non-DCM patients for whom prevalence was 24%.5
One large study (n > 49,000) demonstrated that patients
who consumed greater than 60 g/day of alcohol had
increased relative wall thickness, impaired left ventricular
(LV) diastolic function, and the highest odds ratio for LV
hypertrophy as compared to those who consumed less
alcohol.’® An analysis of 83 prospective studies found
that patients with alcohol consumption of greater than
100g per week were at higher risk of heart failure and
had a higher all-cause mortality.’ Two additional studies
both found that for patients with the same amount of
alcohol intake, those who had been drinking longer were
demonstrating more heart failure symptoms.15.16

Pathophysiology

Acute large-volume consumption of alcohol can increase
myocardial inflammation and can lead to cardiac
arrhythmias and troponin elevation. Lang et al.
demonstrated that in young, healthy adults, acute alcohol
ingestion affected the cardiovascular system by
decreasing systemic vascular resistance, afterload, and
preload.?

Chronic alcohol consumption exerts direct and indirect
toxic effects on cardiac myocytes, leading to cellular
damage and myocardial dysfunction. As delineated in
Figure 1, mitochondrial dysfunction, oxidative stress from
reactive oxygen species (ROS), renin-angiotensin system
(RAS) activation, and increased apoptosis are
pathophysiologic mechanisms  contributing to the
development of ACM.17.18
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Figure 1: Chart depicting the natural course of chronic ethanol consumption and the development of ACM and heart
failure. ROS — reactive oxygen species, RAS —renin-angiotensin system, SR — sarcoplasmic reticulum, CO - cardiac

output, LV — left ventricle.
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Mitochondrial structure and function are both affected by
alcohol and its metabolites. (Figure 2) Structurally,
alcohol can cause the degeneration of inner mitochondrial
membrane folds and reduce the number of mitochondria
present in the cardiac myocytes.'” Secondary to this
structural alteration, the function of the mitochondria is

hindered. One study showed that when rat
cardiomyocytes were cultured with alcohol, the
mitochondria were affected by having increased

mitochondrial depolarization and decreased membrane
potential.’? It has also been shown that alcohol contributes
to the dysfunction of the electron transport chain (ETC)
through the uncoupling of oxidative phosphorylation and
decreases the activity of multiple enzymes within the
tricarboxylic acid cycle.20

Another mechanism of alcohol-induced myocardial
damage is the generation of reactive oxygen species
(ROS) which causes oxidative stress and can affect
cardiac myocytes by inducing apoptosis and subsequent
fibrosis. In male mice, after at least 6 weeks of alcohol
feeding, superoxide production was increased, which
represents an increase in ROS secondary to alcohol
administration.  Additionally, superoxide dismutase
(SOD), an enzyme that degrades ROS, was shown to be
decreased after longer durations of alcohol exposure in

mice and rat populations.2-22 These effects were
manifested as an over-expression of pro-apoptotic
proteins Bax and caspase-3, cytosolic TUNEL-stained
nuclei, and increased apoptotic bodies in heart cells from
humans.24-28 By inhibiting the enzyme CYP2E1, which
converts alcohol to acetaldehyde, these effects
mentioned above were increased.?> In one study, alcohol
was shown to increase p21 RNA and therefore p21
protein, which is part of the hypertrophic response.??
Another study demonstrated that ethanol could be
promoting fibrosis secondary to decreased polarization
of Th1 (T helper 1) cells and increased response of Th2
(T helper 2) cells.30

Ethanol can also cause calcium to leak from the
sarcoplasmic reticulum of cardiomyocytes, resulting in
negative inotropy and arrhythmogenesis. This occurs by
ROS causing oxidative activation of calmodulin-
dependent protein kinase |l (CaMKiIl).37 Additionally,
alcohol was shown to activate the RAS and it was
subsequently shown that an angiotensin receptor blocker
could prevent the development of ACM when studied in
dogs.3233 NOX2 was identified as one of the main
mediators of ROS generation by alcohol and its toxic
metabolite acetaldehyde.34
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Figure 2: Schematic demonstrating the toxic effects of ethanol and its metabolites with the associated enzymes and
pathway. Certain steps in this pathway are potential targets for future therapies to mediate the damaging effects of
ethanol and the development of alcoholic cardiomyopathy. Reprinted with permission from Dominguez et al.’8

Clinical Features

No specific signs or symptoms distinguish ACM from other
forms of dilated cardiomyopathy. The clinical features
are the same as those of other diseases that lead to
progressive heart dysfunction. These symptoms include
dyspnea on exertion, orthopnea, paroxysmal nocturnal
dyspneaq, peripheral edema, third heart sound, elevated
jugular venous distension, cardiomegaly, pulmonary
edema, and rales.353¢ Patients may initially be
asymptomatic as the depression of their cardiac function
may be minimal at first, but they develop increasing
manifestations as their myocardial function is further
depressed.

Other serious ramifications of ACM are supraventricular
tachycardias (SVTs), ventricular tachycardias (VTs), and
sudden cardiac death (SCD). Atrial fibrillation is also an
important comorbidity. SVTs are more closely associated
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with younger patients and binge alcohol use. VTs are
more strongly linked to chronic alcohol use. The apoptosis
and subsequent fibrosis of cardiomyocytes predisposes
the patient to these arrhythmias. The risk of SCD and VT
was shown to be decreased in those patients who
permanently abstained from alcohol.37-3% One large
study (n = 107,845) demonstrated that even drinking one
standard alcoholic drink daily compared to abstinence
can increase the patient’s risk of acquiring atrial
fibrillation by 16%.40

Diagnosis

Patients with ACM may be asymptomatic or present with
the clinical features listed above. If heart failure
secondary to dilated cardiomyopathy is diagnosed on
imaging evidenced by biventricular dysfunction and
dilatation, ACM should be on the list of potential causes.4!
ACM remains a diagnosis of exclusion since the only
3



distinguishing factor between ACM and idiopathic DCM
is the history of significant chronic alcohol consumption in
the absence of other causes. Thus, a detailed, thorough
history is indispensable in the diagnosis of ACM. When
taking this history, the provider must be sure to ask about
other substances so as not to omit inquiring about other
potential toxins, such as doxorubicin and cocaine, that
could be contributing to the patient’s myocardial damage
and dysfunction. Additionally, an important step in the
diagnostic process of ACM is the exclusion of ischemic
heart disease as a cause.3¢ Cirrhosis may complicate the
diagnostic process since the process of cirrhosis could be
secondary to alcohol, but the pathologic consequences of
cirrhosis-induced portal hypertension can also impact the
function of the heart and induce right-sided heart failure.

Management and Future Considerations
Once a patient is diagnosed with ACM, multiple issues
need to be addressed. First and foremost, continued
alcohol use must be addressed, and complete abstinence
must be recommended. Haissaguerre et al. demonstrated
that complete abstinence from ethanol had a statistically
significant positive effect on prognosis in dilated
cardiomyopathies.42 Fauchier et al. demonstrated that
failure to maintain abstinence in ACM was a strong
predictor of cardiac death.43 The mortality rate of ACM
without abstinence is 40-50% at 3-6 years. According to
the ACC/AHA, there is a recommendation for abstinence
in ACM with a Level of Evidence C.41

To help maintain abstinence there are a few options to
help treat alcohol use disorder and help patients refrain
from using alcohol. Cognitive behavioral therapy,
naltrexone, acamprosate, and disulfiram are different
options for aiding the patient with ACM to ensure
abstinence from alcohol.'844 Disulfiram is contraindicated
in those with symptomatic heart failure secondary to the
risk of an alcohol-disulfiram reaction which may lead to
cardiovascular collapse and can be catastrophic in a
patient with heart failure.45

As per the 2022 ACC/AHA/HFSA Guideline for

Management of Heart Failure,4¢ patients with heart

failure with reduced ejection fraction (HFrEF) should be

treated with the following medications:

1. Angiotensin Receptor Blocker- Neprilysin inhibitor
(ARNi), Angiotensin-Converting Enzyme inhibitor
(ACEi), or Angiotensin Receptor Blocker (ARB)

2. Beta Blockers (e.g. carvedilol, bisoprolol, or
metoprolol succinate)

3. Mineralocorticoid  Receptor
spironolactone or eplerenone)

4. Sodium-Glucose Cotransporter 2 inhibitors (SGLT2i)
(e.g. dapagliflozin or empagliflozin)

Antagonists  (e.g.

There is a Class | recommendation for patients with
ischemic or non-ischemic HFrEF and a left ventricular
ejection fraction (LVEF) less than 35%, who have an
estimated lifespan greater than 1 year, to undergo
implantation of an ICD to reduce mortality through the
primary prevention of SCD. In the same patient
population with symptomatic heart failure, if they are in
sinus rhythm with left bundle branch block, and QRS
duration > 150 ms, there is a Class | recommendation for
Cardiac Resynchronization Therapy (CRT).46

Additionally, patients who suffer from chronic alcoholism
are predisposed to develop malnutrition and vitamin
deficiency, so it is recommended to supplement these
patients with thiomine and folate to prevent adverse
outcomes.4!

Based on pathophysiology, there are a few possible
targets for future therapies in the treatment and/or
prevention of ACM. For example, studies showed that
extract from the Thespesia populnea plant, selenium,
vitamin E, and sodium hydrosulfide all reduced the
burden of ROS that was activated by ethanol and its
metabolites; by affecting the activity of superoxide
dismutase (SOD).2'-23 This information could lead to the
ability to blunt the harmful effect of alcohol-induced ROS.
Additionally, aldehyde dehydrogenase 2 (ALDH2) helps
to degrade the metabolite of ethanol, acetaldehyde,
which on its own contributes to cardiomyocyte
apoptosis.4” This could be another important target in the
future to modulate the ability to clear toxic metabolites
from ethanol ingestion. One more target that has been
studied is the enzyme NOX2, which is a major part of the
generation of ROS in the form of superoxide. When
NOX2 was inhibited, there was a reduction in the amount
of superoxide created by ethanol and acetaldehyde.24:34
This could also be a worthy target of further investigation
to develop a potentially protective therapy against
alcohol-medicated cell damage.

Conclusion

Alcoholic cardiomyopathy is a serious condition resulting
from chronic excessive alcohol consumption.
Understanding its pathophysiology, clinical features, and
management strategies is essential for improving patient
outcomes. Emphasis on early diagnosis, strict alcohol
abstinence, and appropriate medical therapy can
significantly alter the disease course and enhance the
quality of life for affected individuals. Further research is
needed to explore novel therapeutic targets and
improve specific protective measures for this condition.
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