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ABSTRACT

The effect of alcohol consumption on cardiac and cardiovascular functions
remains a point of contention in the medical field. The consumption of low or
moderate amounts of alcohol has been largely associated with having
beneficial effect on cardiac contractility and the cardiovascular system as a
whole, owing to the detected vasodilatory effect exerted by the alcohol,
and the reduction in mortality documented by several studies. In contrast,
excessive alcohol consumption results in negative outcomes in both men and
women, with cardiac arrhythmias and atrial fibrillation, abnormality in
cardiac contraction leading to heart failure, and dilated cardiomyopathy,
and overall cardiovascular dysfunctions, including hypertension. The main
points of contention are two-fold: the dose of alcohol at which its perceived
beneficial effects disappear and proper cardiac and cardiovascular
functions become progressively impaired, and how to clinical and
therapeutically address cardiac and cardiovascular pathologies in chronic
alcoholics to ameliorate their general conditions and their prognosis. The
present review aims at providing the reader with a general understanding
of the effects of alcohol on the cardiovascular system and the
pathophysiological mechanisms that lead to the most common cases of
cardiac dysfunction, and highlight the current guidelines for treatment of
alcoholic cardiomyopathy to ameliorate clinical presentation and prognosis
in alcoholic patients.

Keywords: Alcohol, cytP4502E1, alcohol metabolism, cardiac ventricular
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Introduction

Alcoholic cardiomyopathy has long been
recognized as a one of the most serious
pathological complications in heavy and chronic
drinkers.! Historically, the first recognition of the
harmful effects of alcohol was by Dr. Bollinger who,
in 1886, observed what came to be known as
‘Bierherz’ or ‘Beer heart’ in a set of breweries
workers, the hearts of whom presented at the
autopsy with “..idiopathic cardiac hypertrophy
usually with dilation...”.2  Clinically, the disorder
presents as a heart failure condition characterized
by enlarged heart, reduced stroke volume and
cardiac output, and arrhythmias, including primarily
atrial fibrillation. At the histopathological level, the
disorder presents as a cardiomyopathy, with
progressive myocardial injury, areas of necrosis
and apoptosis, and fibrosis.3 The gross examination
of the beer heart evidences a pale cardiac tissue
with marked dilation of all cardiac chambers,
especially the left ventricle.# Areas of atrophy and
degeneration mixed with areas of hypertrophy are
observed focally within the cardiac tissue. Electron
microscopy of the myocardium underscores loss or
damage of contractile myofibrils, enlarged
mitochondria, decreased content of oxidative
enzymes, saccular dilatation of sarcoplasmic
reticulum, and fat deposits primarily constituted by
triglycerides within the cardiac myocytes.?  This
picture is in sharp contrast to the limited or no major
abnormalities detected by light microscopy,® and
provides a strong histological rationale to
understand the clinical signs of alcoholic
cardiomyopathy in the affected individuals.

Presently, the term alcoholic
cardiomyopathy (ACM) is currently used to indicate
the cardiac dysfunction observed in chronic
alcoholics or in patients who intake excessive
amounts of alcohol. Despite being long recognized
as a complication of large and persistent alcohol
consumption and its clinical relevance and incidence,
data on how alcohol damages cardiac myocytes
and how best treat the conditions are limited.

In the present review, we will attempt to
provide a comprehensive overview of how the
disease develops and progresses, as well as the
most current treatment guidelines.

Alcohol consumption as a risk factor

Alcohol use is recognized as one of the most
common cause of non-communicable disease.
Furthermore, the negative implications of excessive
alcohol consumption are both preventable and
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modifiable.5 The Global Burden of Disease Study
identified alcohol as the seventh leading risk factor
for death and for disability-adjusted life years, and
as responsible for 2.2% and 6.8% death rate in
women and men, respectively, after age-
standardized adjustment.é While drinking no
alcohol minimizes health-related risks, alcohol
consumption was found to be responsible for almost
3 million deaths world-wide.® When assessed for
the US alone, the number of deaths conducible to
alcohol consumption was in excess of 70,000
(~2.6% of all deaths recorded in the country), more
than doubled the 1999 number.6 Further analysis
by the Global Burden of Disease Study indicated
that alcohol was the loading risk factor for
premature death and disability in individuals up to
49 years of age.® In contrast to the negative effects
of persistent and excessive alcohol consumption,
several epidemiological studies suggest that limited
alcohol consumption may actually be beneficial in
reducing the cardiovascular insults, in particular
coronary artery disease and cerebrovascular
ischemic insults.? The validity of these studies has
been disputed, and it has been argued that the
presumed benefits are rather limited in number as
compared to the large number of alcohol-related
deaths and complications.”

Interpretation of the data relative to
alcohol-related deaths and health complications is
made more difficult by the lack of consensus on
what limited alcohol consumption actually means
and the amount of alcohol present in a standard
alcohol drink. As an example, the 14 g of pure
alcohol in a standard drink in the US contrasts to the
8 g in the UK and differing alcohol contents in other
countries, making direct comparison of alcohol
intake to pathological consequences rather difficult.
Furthermore, assessment of the amount of alcohol
consumed by patients over a certain period of time
is often based, at least in the initial phase of data-
collection and sample identification, on self-
reported questionnaires, an approach that can
easily lead to misrepresentations or
underestimation of the type of alcohol and the
number of drinks consumed by the reporting
individuals.® Recently, a certain degree of
consensus has been attained in discriminating
among ‘low’, ‘moderate’, or ‘hazardous’ risk
drinking. Low-risk drinking is defined as two or
fewer drinks per day for men and one or less drink
per day for women. Moderate-risk drinking is
defined as three to four drinks per day for men and
two to three drinks per day for women. Hazardous-

Medical Research Archives | https://esmed.org/MRA /mra/view /2847 2



https://esmed.org/MRA/mra/view/2847
https://esmed.org/MRA/mra

Medical
Research
Archives

risk drinking is defined as five or more drinks per
day for men and four or more drinks per day for
women. Binge drinking, colloquially referred to as
‘alcohol poisoning’ in the US, is define as the
consumption of five or more drinks per occasion (i.e.
in a short period of time) for men and four or more
drinks per occasion for women. Application of these
criteria to epidemiological studies, however, is
complicated by lack of appropriate control for
confounding factors including consumption of other
recreational drugs such as cigarettes and e-
cigarettes, caffeine, marijuana, cocaine,
amphetamines  and  methamphetamines,  or
therapeutic agents (e.g. acetaminophen,
benzodiazepines, etc.) and xenobiotics that are
metabolized by the same cytochrome-operated
system (Microsomal Ethanol Oxidizing System) that
oxidizes alcohol to acetaldehyde in hepatocytes
and cardiac myocytes through a process that
increases reactive oxygen species formation.?10
The consumption of a low dose of alcohol
has consistently been associated with a lower risk of
cardiovascular-based mortality when compared
with abstainers, whereas the consumption of high
doses of alcohol has always been associated with a
higher risk of cardiovascular-based mortality. This
dose-response association is commonly referred to
as the ‘J-shaped’ or the ‘U-shaped’ curve. 37, 11,12
A meta-analysis carried out by di Castelnuovo et al.
on 34 studies involving more than a million
individuals identified the cardiovascular beneficial
effects of alcohol at a dose equivalent to half or 1
drink daily for women, and 1 to 2 drinks daily for
men, the consumption of more than 2 drinks per day
for women and more than 4 drinks per day for men
resulting in higher death-rates, in a dose-dependent
manner.'3 When considering the benefits of
consuming low doses of alcohol, additional attention
has to be paid to the type of alcohol consumed. Red
wines contain high levels of polyphenols, and these
agents have been proven to possess anti-oxidant
and anti-inflammatory effects in addition to anti-
platelets aggregation properties, which translate
primarily in reduced plasma viscosity, increased
high density lipoproteins, decreased platelet
aggregation and enhanced endothelial functions
among other beneficial effects.’’ Consumption of
beer in moderation also appears to manifest
several of the same protective effects observed
with red wine consumption, although the exact
mechanism of protection is not well elucidated. On
the other hand, larger consumption of beer has
been plagued more than wine by pathological
cardiac complications associated to the presence of
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significant trace amounts of arsenic and cobalt in
the beverage as a result of the filtration process
and as a foam-stabilizer, respectively.14 15 As
recently as 2013, arsenic and cobalt have been
postulated to act synergistically with alcohol to give
rise to severe and widely spread cardiovascular
pathologies, including cardiomyopathy and
pericarditis in both Europe and North-America.ls
Even when present in limited amounts, arsenic
retained in beer as a result of the filtration process
can reach up to 10 times the concentration deemed
acceptable in drinking water in the US and in
Europe, a condition that can easily be exacerbated
when beer is consumed in large quantities.!5 The
importance of maintaining low-alcohol consumption
as a key requisite to retain beneficial
cardiovascular effects is underscored by results
showing that occasional but recurrent heavy
consumption of alcohol, as observed for example
during binge-drinking events, increases by almost
50% morbidity and mortality risk due to the onset
cardiac dysfunction and myocardial ischemia.!®
Taken together, these observations strongly suggest
that the deleterious effects of excessive alcohol
drinking on the cardiovascular system and the
consequent risk of premature mortality far out-
weight the beneficial effects observed at low
consumption doses.

Alcohol Ingestion and Myocardial Metabolism

Acute consumption of alcohol, especially in large
doses has significant effects on cardiac
metabolism.! and refs. therein The concentrations of
potassium and phosphate increase markedly in the
coronary flow, and the extraction of free fatty
acids from the serum decreases while that of
triglycerides increases, with major implications in
terms of intracellular and interfibrillar lipid
accumulation. At the mitochondrial level, isocitric
and malic dehydrogenases are released at rest and
following an increase in cardiac rhythm, indication
that the organelle undergoes major functional
alterations.!  Because alcohol is  primarily
metabolized through cyt-P4502E1 in cardiac cells,
the generated acetaldehyde and reactive oxygen
species (ROS) have been indicated as the major
biochemical mechanisms responsible for cardiac
damage as both acetaldehyde and ROS can form
adducts with proteins and lipids within the cardiac
cells that results in decreased contractility and
enzymatic activity.!0 In addition, acetaldehyde has
been reported to cause positive chronotropic and
inotropic effect through persistent norepinephrine
release.’”? On the other hand, the conversion of
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alcohol to acetaldehyde by the nicotinamide

adenine dinucleotide phosphate (NADP)-
dependent cytP4502E1 increases the
NADP/NADPH ratio within the sarcoplasmic

reticulum further impacting in a negative way lipid
and pyruvate metabolism and resulting in increased
triglyceride synthesis and lactate production from
pyruvate.18

Development of Alcoholic Cardiomyopathy

Both the European Society of Cardiology
and the American Heart Association consider
alcoholic  cardiomyopathy (ACM) a specific
pathology caused by excessive alcohol consumption
and characterized by left ventricular dysfunction
and dilatation, thereby considered as a form of
dilated cardiomyopathy (DCM) without ischemic
connotations.1920 Usually, the diagnosis of ACM is
one of exclusion, supported by a history of heavy
alcohol consumption, usually 80 g of alcohol or more
per day for at least 5 years.21-24 |t has to be noted,
however, that this amount of alcohol consumption
can remain an underestimate of the actual
consumption in patients, even more so if we take into
account that many epidemiological studies not
necessary include information about patients’
distribution based on gender and/or body mass
index (BMI). Hence, controversy or at least
uncertainty persists as to whether ACM severity in
terms of structural damage within the ventricular
cardiac myocytes is proportionally linked to the
amount of alcohol consumed per day or a threshold
exists above which the damage by excessive
alcohol consumption takes place regardless of the
duration of consumption, in that the dose of alcohol
has overcome any protective mechanisms present
within the cell. In this regard, studies from Askanas
et al.25 and Lazarevic et al.26 appear to lend
support to the latter hypothesis in that these studies
suggest that once individuals consume ~120 g of
alcohol per day or more, the duration of alcohol
consumption becomes less of a factor in the
development of ACM, as similar clinical signs are
observed in patients who have consumed such a
large amount of alcohol per day for 5 to 14 years
as in those patients who have consumed a similar
amount of alcohol for 15 years or more. Consistent
with this observation, the study by Kino et al. 7
indicates that the amount of alcohol consumed per
day would primarily affect left ventricle wall
thickness, as this parameter is proportionally and
significantly enhanced in patients consuming ~100
g of alcohol per day as compared to patients who
consume 60 g per day.?” However, as this study did
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not report the duration of alcohol consumption at
either of those doses, no comment can be made as
to whether time lapse can be factored in for ACM
to develop.

The histopathology of ACM at the
macroscopic level has remained well defined and
determined since the original observation by
Bollinger in 1886,"2 and has become enriched at
the microscopic level by the observation of
intracellular  swelling, glycogen and lipid
intracellular  accumulation and  ultra-stuctural
damage of mitochondria and sarcoplasmic
reticulum, thus helping fo explain the ventricle
dilation and the signs of left heart failure typically
associated with ACM.1528  Several pathological
mechanisms have been indicated as possible culprits
in the development of these microscopic alterations.
These pathological mechanisms have been
potentially identified as follows: 1) apoptosis; 2)
alterations of mitochondria functions and oxidative
phosphorylation; 3) functional alterations in the
sarcoplasmic reticulum, especially Ca?* cycling; 4)
abnormalities of Ca2?*  excitation/contraction
coupling; 5) persistent abnormalities of cytosolic
free Ca?* levels with associated changes in Ca2+
sensitivity of the contractile myofilaments; 6)
abnormal representation of contractile
myofilaments; 7) abnormal myosin ATPase activity
rate; 8) up-regulation of L-type Ca2* channels; 9)
increased oxidative stress; 10) production of
acetaldehyde and formation of protein-aldehyde
adducts; 11) activation of the renin-angiotensin-
aldosterone system; 11) activation of the
sympathetic nervous system,2829 and refs therein The
review articles by Fenandez-Sola,28 and Guzzo-
Merello et al.2? have described these mechanisms in
detail, and we refer the interested readers to those
articles for an in-depth description of the
mechanisms and their interplay. Suffice here to
mention that because some of these pathological
mechanisms become activated during cardiac
hypertrophy but also as a compensatory mechanism
following loss of cardiac ventricular mass replaced
by fibrosis, it is still debated which of these two
events (i.e. hypertrophy or cardiac loss) is the initial
cause of ACM onset and progression, or whether
they coexist to some extent. Additionally, the
possibility that genetic predisposition plays a key
role in the onset of ACM cannot be excluded
altogether in that not all alcoholics develop ACM,
as observed already for alcoholic liver disease
(ALD) progression.3® Consequently, because the
diagnosis of ACM remains primarily a diagnosis of
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exclusion and is based on the co-presence of heavy
alcohol consumption and signs of myocardial
dysfunction such as decreased ejection fraction
(<45%) and increased left ventricular end-diastolic
diameters in the absence of other clear etiological
causes,3! the prevalence of ACM may be
underestimated. In this regard, autopsy observation
of pathological changes in cardiac structures, often
in the absence of clear clinical symptoms during the
life-time of a patient remains the only viable
modality for a posthumous diagnosis.32

Alcoholic Cardiomyopathy and other Clinical
Pathologies linked to Alcohol Consumption

As  mentioned previously, alcoholic
cardiomyopathy (ACM) is considered a particular
form of dilated cardiomyopathy (DCM),
characterized by dilation of the left ventricle, and
signs and symptoms of left heart failure (LHF).
However, as the alcohol-induced damage of the
heart can impact specific cardiac structures such as
cardiac ventricular myocytes or the conduction
system, or cardiac regulatory mechanisms such as
the renin-angiotensin-aldosterone system or the
sympathetic system, a variety of clinical conditions
other than the classical, histological well-described,
ACM can be observed in alcohol-drinking patients.
Among these conditions hypertension, myocarditis,
coronary artery disease, arrhythmias, and stroke,
are most commonly observed in alcoholics. Yet, as
mentioned previously, it is unclear whether they are
consequences of alcohol consumption or co-existing
pathologies exacerbated by alcohol consumption.

a. Hypertension
Alcohol consumption is known to cause an acute
but transient vasodilation as well as more long-
term pressor effects. The transient vasodilation
is most likely mediated by the release of the
atrial natriuretic peptide that counter-regulates
the renin-angiotensin system.33 On the other
hand, the long term pressor effects of alcohol
appears to be primarily mediated by the renin-
angiotensin-aldosterone system and the release
of vasopressin, and associated cardiac
remodeling.3435 Alcohol also exerts central
hypertensive effects by interacting with brain
stem receptor receptors.3¢ Interestingly, this
central effect would occur already after the
consumption of 3 drinks per day, thereby
showing what appears to be a lower alcohol
threshold than many other alcohol-related
pathological effects, and would interfere with
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concurrent anti-hypertensive treatments, further
complicating blood pressure stabilization.15:36

Alcoholic Myocarditis

Myocarditis in the context of alcohol
consumption was first reported by McKenzie in
1902.37 The histopathological assessment
indicated the presence of lymphocytic infiltrates
in the context of focal myocyte necrosis and
degeneration, with increased expression of
both human leukocyte antigen (HLA) and
intercellular adhesion molecule (ICAM).38:39 The
increased expression of HLA and ICAM has
been related to altered lymphocyte function,
inhibited neutrophil chemotaxis and suppressed
cytokines production associated with the
dysregulated inflammatory response normally
observed  following prolonged  alcohol
consumption, both systemically and locally.40-42

Coronary Artery Disease

As stated at the beginning of this review, the
relationship between alcohol consumption and
coronary artery disease, mainly angina, is a
complex one. Low doses of alcohol have long
been considered as a direct coronary artery
dilator and therefore beneficial — at least
temporarily — in patients with angina or
coronary artery disease on atherosclerotic
bases. Yet, alcohol is not a direct coronary
dilator,%3 and the symptomatic relief of angina
symptoms following alcohol consumption can be
explained by its general anesthetic effects, its
peripheral  vasodilatory  effects,  which
decrease temporarily the cardiac oxygen
demand, its anti-aggregate effect on platelets
and coagulation system, and to its effect at
increasing high density lipoproteins, especially
sub-fractions 2 and 3, while decreasing low
density lipoproteins.44-47  Many of these
beneficial effects can act synergistically to
ameliorate angina conditions, and they are
attributed to the levels of polyphenols and
resveratrol found primarily in red wine.

Arrhythmias

Acute effects of alcohol ingestion often result in
disturbances of the cardiac rhythm, and these
disturbances tend to disappear with abstinence.
A Kaiser Permanente Study reported a double-
relative risk of arrhythmias in heavy drinkers
consuming more than 6 drinks per day as
compared to low-risk drinkers.4®8 Several
hypotheses have been put forward to explain
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the insurgence of arrhythmias including the
underlying hypertension and the cardiac
remodeling associated with activation of the
renin-angiotensin system, a lowering of the
resting membrane potential in the conduction
system of the heart and/or the cardiac
ventricular myocytes, the prolongation of
impulse  conduction, and the reduced
responsiveness of the adenyl-cyclase
downstream  the cardiac  [1adreneric
receptor.49-51

Vascular Complications

The effect of alcohol consumption on the
vascular system in general and coronary system in
particular is not fully elucidated. Experimental and
epidemiological studies largely report that
moderate consumption of alcohol is associated with
a transient vasodilation followed by a rebounding
increase in blood pressure, as mentioned under the
Hypertension paragraph. Assessment of 28 alcohol-
consuming patients of an age between 28 and 65
undergoing randomized and sequential exposure
for 1 week to wine consumption, to beer
consumption, to non-alcoholic wine consumption and
to abstinence32 indicated an increase in heart rate
more sustained during the evening and at night
while blood pressure in the same individuals
increased primarily during the day. The reason for
these diurnal changes in blood pressure and heart
rate were primarily attributed to circadian changes
in the sympathetic and vagal nervous systems,
although an increased urinary extrusion of
endothelin-1 was observed following alcohol
consumption, regardless of whether alcohol was
administered as wine or beer.52  This latter
observation suggests that alcohol increases
endothelin-1 production and ultimately urinary
secretion, with increased pressory effect during the
day.5? Because in their study Zilkens and
collaborators did not assess the occurrence of
circadian changes in endothelin-1 levels both in the
absence and in the presence of alcohol consumption,
it remains unanswered whether the observed
changes in blood pressure and heart rate are the
result of alcohol-induced changes in endothelin-1
levels during the day, or alcohol-mediated
exacerbation of a physiological condition already
in place. In addition, as the authors selected for their
study individuals already consuming alcohol prior to
their recruitment for the study, it cannot be excluded
that the alcohol-induced changes in blood pressure
and heart rate were already in place, at least to
some extent, prior to the beginning of the study. On
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the other hand, because the intake of a volume of
non-alcoholic wine containing an amount of
resveratrol, the most abundant polyphenol in red
wine, comparable to that present in an equal
volume of wine did not induce any detectable
change in blood pressure, heart rate and
endothelial secretion, the results of the study by
Zilkens et al.52 strongly suggest that the effects
exerted by alcoholic beverages are due to alcohol
itself. This observation contrasts what reported by
Agerwall et al33, and the reason for the
discrepancy has been attributed to the different
changes in endothelial functions and endothelin-1
release observed in the two studies.

Strictly considering the effects of alcohol on
the vasculature, the most important modifications in
endothelial functions have been primarily related to
three areas: atherosclerotic plaque, nitric oxide
(NO), and reactive oxygen species (ROS)
formation.

a. Atherosclerotic Plaque
Atherosclerosis is a chronic inflammatory
condition characterized by thickening of the
artery wall due to accumulation of
cholesterol, in particular LDL that can be
more readily oxidized and macrophages,
and proliferation of smooth muscle cells.54

The thickening of the arterial wall results in

a narrowing of the arterial lumen and a

reduced blood flow, ultimately leading to

coronary artery disease, culminating in
angina and myocardial infarction, and
cerebrovascular disease and stroke.54 As

LDL become oxidized, free radical

production increases and ultimately leads

to atherothrombosis, through a process that
includes  recruitment  of  circulating
monocytes, increased expression of
intercellular adhesion molecule-1 (ICAM-1)
and platelet derived growth factor (PDGF),
and foam cell production, all conditions that
promote smooth muscle cells proliferation
within the intima of the arterial wall.54 and
refs. therein.  Qwing to the effect of alcohol
consumption in  moderate doses in
preventing platelet aggregation, studies
by Pahor et al.55, and Pomp et al.5¢ have
evidenced a decreased risk of deep vein
thrombosis and pulmonary embolism in
people of 68 years of age or older.

Further, the data by Pomp et al5¢

confirmed a reduced risk of

thromboembolism particularly in women,
and explained the outcome with «
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decreased in fibrinogen levels. Once
again, the more pronounced protective
effect was observed in individuals
consuming red wine, and linked to the high
level of resveratrol present therein.5”

b. Nitric Oxide (NO) production

Nitric oxide (NO) is a well-known
endothelium-derived relaxing factor.58 NO
contributes to vascular homeostasis by
causing vasodilation and through its
antioxidant and anti-inflammatory
properties, which antagonize
atherosclerosis progression.>® Exposure of
rats to moderate alcohol intake for 8 weeks
resulted in increased expression of eNOS
(endothelial nitric oxide synthase) protein in
the vasculature and increased levels of NO
in the circulation, and improved systolic and
diastolic functions, with some apparent
gender-related differences that were
attributed to increased levels of iINOS
(inducible Nitric Oxide Synthase) in female
rats.®0 In contrast, exposure of rats to high
levels of alcohol (4 g/kg) for 12 weeks
resulted in the development of
hypertension, impaired vascular relaxation,
reduced eNOS expression and increased
vascular oxidative stress.¢! Studies carried
out in humans reported similar results. Red
wine consumption acutely increased NO
production in healthy humans,%2 through a
mechanism that involves the rapid
activation of mitochondrial aldehyde
dehydrogenase 2 (ALDH2) to prevent
reactive oxygen species formation, and
ultimately eNOS activation.®3 Prolonged
exposure of human endothelial cells to high
doses of alcohol, on the other hand,
markedly reduced NO production.é4 Taken
together, these studies — irrespective of the
experimental model utilized — confirm the
underlying tenant that moderate doses of
alcohol primarily exert a vasodilatory
effect by increasing NO production
whereas high (toxic) doses of alcohol
induce vasoconstrictive effects, possibly
through increased production of
endothelin-1.65

Reactive Oxygen Species formation

An increased production of reactive
oxygen species (ROS) is involved in a
variety of cardiovascular dysfunctions
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including atherosclerosis.>* The production
of ROS is due to an imbalance between
pro-oxidative enzymes (i.e. NADPH
oxidase, xanthine oxidase, and
mitochondrial electron chain) and anti-
pxidative enzymes (i.e. superoxide
dismutase, glutathione peroxidase,
thioredoxin peroxidase, catalase, and
paraoxonase) that ultimately favors pro-
oxidative enzymes. Further, consumption of
high doses of alcohol results in the
conversion of ethanol to acetaldehyde via
the cytP4502E1, a process that is
associated with ROS production within the
sarcoplasmic reticulum of the cardiac
myocytes, i.e. a location where ROS can
more readily damage Ca?* storage and
cycling.!0 Consistent with this notion, data
from Rocha et al.¢ suggest that low and
moderate alcohol consumption induce
vascular relaxation through ROS
generation, in contrast to the hypertensive
state associated with abnormal ROS
formation as a result of chronic, elevated
alcohol consumption.¢”  An implication of
this observation in need of a more-in-depth
assessment would be that the low levels of
ROS generated following modest alcohol
intake could have transient regulatory
effects on specific cellular functions before
being  scavenged by  anfi-oxidant
mechanisms. In contrast, the massive ROS
production generated by chronic and
abusive alcohol consumption over-powers
the anti-oxidant mechanisms and results in
abnormal, persistent activation of these
cellular function, ultimately leading to
cardiac myocyte damage.

Is there an unappreciated role of Magnesium in
the onset of Alcoholic Cardiomyopathy and other
Cardiovascular Complications?

Magnesium (Mg2*) is the second most
abundant cation after potassium within mammalian
cells, including cardiac myocytes.%8 Being primarily
an intracellular cation, Mg2* is highly concentrated
within mitochondria, endoplasmic or sarcoplasmic
reticulum, and nucleus, where it controls a variety of
enzymes including adenyl cyclase, mitochondrial
electron chain complexes and adenine nucleotide
translocase, and reticular Ca?* cycling.® Cellular
Mg?* homeostasis is maintained through the
operation of a specific entry and exit mechanisms:
a cAMP-activated Na*/Mg?* exchanger (or Solute
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Carrier 41: SLC41A1) extrudes cellular Mg?* in
exchange for extracellular Na*, whereas protein
kinase C-regulated Transient Receptor Potential
cation channel, subfamily M, member 7 (TRPM7
channel) promote Mg2?* entry.%? Additional
transporters, which are only partially identified and
characterized, contribute to maintain proper Mg2+
distribution within cellular organelles.é? Adrenergic
stimulation of [11-adrenergic receptors in cardiac
cells results in a marked release of cellular Mg2+
into the extracellular space or the circulation within
8-10 min from the administration of the adrenergic
stimulus, in both perfused hearts and collagenase-
dispersed cardiac ventricular myocytes, and in the
whole animal.¢8-7° This elicited Mg2* extrusion from
cardiac cells appears to regulate mitochondrial
energetic production and Ca2* cycling across the
sarcoplasmic reticulum membrane as well as the
duration of the ventricular action potential.69 and refs
therein  |nterestingly, acute alcohol administration to
cardiac cells results in a dose- and time-dependent
extrusion of Mg2* that parallels the decrease in
cardiac ATP levels resulting from the conversion of
alcohol to acetaldehyde via cytP4502E1.7172 This
loss of Mg2*+ affects primarily the cytosolic pool of
Mg2* but also the pools located within mitochondria
and sarcoplasmic reticulum.”'  Pharmacological
inhibition of alcohol oxidation to acetaldehyde or
the use of anti-oxidants, which scavenge reactive
oxygen species and prevents their deleterious
effects on cellular components, both prevents the
loss of cytosolic- and organelle-based Mg2?* and
ATP, and help cardiac myocytes to maintain
functions and ultrastructural morphology.72

The role of cellular Mg2* in maintaining
proper cardiovascular functions and cardiac cells
ultrastructural properties is largely underestimate.
However, Mg?* is postulated to act as a natural
Ca?* channel blocker and a cellular Na* content
regulator, especially in cardiac cells.6? This notion is
indirectly supported by the clinical observation that
magnesium boluses are far more effective than anti-
arrhythmic drugs in preventing or sedating cardiac
arrhythmias, torsade de point in particular.73
Interestingly, hearts of animals fed magnesium-
deficient diets present with the same ultrastructural
modifications in terms of altered contractile
elements, swollen mitochondria and sarcoplasmic
reticulum dilation, and increased intracellular fat
deposits that have been observed in the hearts of
heavy alcoholics,’ and exogenous Mg2*
supplementation with the diet after alcohol
withdrawal renormalizes heart size, isometric force
and isotonic shortening of the cardiac fibers.74 How
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exactly magnesium supplementation elicits these
beneficial effects is not understood, and the topic
warrants more attentive research, especially in lieu
of the observation that continuous exposure to
alcohol prevents restoration of Mg2* homeostasis
and nullify its beneficial effects.6?71 Speculatively,
it can be envisioned that these beneficial effects
occur via restoration of cellular Ca2* content and
cycling, adrenergic receptor-mediated adenyl-
cyclase activity, or protein synthesis and mRNA
translation, based on the key cellular targets on
which magnesium plays a strong regulatory role.

Prognosis and Treatment

The prognosis of ACM in patients with low or
moderate alcohol consumption is usually more
benign that in heavy drinkers, in that the former two
groups of individuals are more liable to follow an
abstinence regimen and they usually present with
modest cardiac damage and symptoms as
compared to the latter group.'> The prognosis of
ACM in heavy drinkers, on the other hand, is far
more complex as the health status of these
individuals is often hindered by other complications
including hemorrhagic stroke, as a result of alcohol-
supported hypertension, arrhythmias, altered
coagulation process, atherosclerosis, and overall a
poor compliance to alcohol withdrawal.

Alcohol withdrawal remains the corner
stone of any alcohol-based pathology, and ACM is
not different in this regard. An indirect benefit of
alcohol withdrawal is that also promotes a better
responsiveness  to  cardiovascular  oriented
therapies, especially anti-hypertensive
treatment.1529  Abstinence supportive therapies
can also be implemented, including naltrexone to
reduce alcohol-craving, acamprosate, which also
reduce craving, disulfiram to inhibit acetaldehyde
dehydrogenase and use the negative side-effects
of acetaldehyde build-up (i.e. nausea, sweating,
and tachycardia) to limit alcohol use, or specific
serotonin reuptake inhibitors.”5

Aside from these support therapies,
because the main symptoms of ACM are those of
heart failure, the therapeutic regimen follows the
usual steps of heart failure treatment, which include
angiotensin converting enzyme (ACE) inhibitors or
angiotensin-ll  receptor blockers (ARB), beta-
blockers, diuretics including spironolactone, digitalis
to support cardiac contraction, and anticoagulants
as appropriate, although this last class of drugs
carries significant counter-indications (namely poor
compliance, risk of post-traumatic bleeding, and
over-dosage in case of hepatic dysfunction). Anti-
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arrhythmic drugs are usually not included as part of
the medical treatment owing to their intrinsic risk of
being arrhythmogenic.'32? A question remains
whether heart transplant can be considered as a
viable treatment for patients with ACM.7¢ Post-
surgery assessment of the procedure indicates that
heart transplant can be safely performed in
alcoholic  patients, with clear and long-term
benefits, and a post-surgery mortality rate at 5 and
10 years that is not statistically different from that
of non-alcoholics: ~79% at 3 years, and 67% at 5
years, and ~49% at 10 years
(https://www.healthguideinfo.com/surgical-heart-
procedures/p79774/)76  The main limitation
remains the strict adherence by the patient to 6
months of abstinence prior to undergoing the
procedure.

Conclusion

In the present review article we have attempted to
provide an overview of the onset, development,
prognosis and treatment of alcoholic
cardiomyopathy, and relate the specifics of this
pathology to the dose of alcohol required to
generate the conditions. It is clear from the review
of the available literature that the more consistent
and reliable results and information on ACM have
been obtained when large numbers of patients
were assessed against multiple variables that
included the amount of alcohol consumed per drink,
the number of drinks consumed per week, and the
duration of alcohol consumption. Yet, some
uncertainties persist, including the importance of
body mass index and the possible role of co-
morbidities in promoting a faster progression
towards ACM. As mentioned in the review, several
clinical manifestations including hypertension and
arrhythmias can be related in a multi-factorial
manner to alcohol consumption in a cause-effect
manner but can also be considered alcohol-
independent risk factors that make the progression
of ACM more severe. Further studies with more
well-defined selection criteria and more attention to
alcohol consumption and other variables are
necessary to clarify some of the above
uncertainties. For example, it is still unclear whether
a threshold exists above which ACM develops and
whether such a threshold is different based on
gender, body mass index, the type of alcohol
ingested (e.g. wine vs. beer vs. hard liquor), or it
strictly depends on the amount of alcohol ingested.
Because the cytP4502E1 can be induced by
extensive alcohol consumption, leading to increased
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reactive oxygen species production, it needs further
clarification whether an increase in cytP4502E1
expression is beneficial or detrimental to the onset
and progression of alcoholic cardiomyopathy. On
the other hand, data from studies implicating
atherosclerosis, nitric oxide production, and reactive
oxygen species generation in the vasculature of
alcohol-consuming individuals or animal models
concur in indicating that low or moderate alcohol
consumption is beneficial and induces vasodilation
whereas chronic and massive alcohol consumption
results in vasoconstriction, increased blood pressure,
and abnormal regulation of the sympathovagal
systems.

In this review, we have detoured from the
canonical aspects of alcohol disease to provide an
alternative lens to consider how changes in cellular
magnesium that occur following acute and chronic
exposure of cardiac cells to alcohol may play a yet
to define role in the development of some of the
ultrastructural and energetic dysfunctions that occur
in cardiac cells observed in alcohol-exposed
cardiac cells. Because the role of magnesium in the
onset and progression of ACM and its clinical
associations has not been investigated in great
detail and no proper clinical trial has addressed the
issue in all its variables, the picture we have is far
from being clear, and several aspects still remain
poorly understood. Owing to the limited information
and attention paid on the possible beneficial role
of magnesium in preventing the development of
ACM, it is still largely undetermined whether Mg2+
supplementation in conjunction with more classical
therapeutic agents can improve the patient’s health
and minimize the progression of alcoholic
cardiomyopathy, and whether the beneficial effect
of magnesium supplementation are permanent or
transient. Further, if we consider magnesium as a
therapeutic agents or co-adjuvant, it remains to be
determined the minimal dose at which the effects of
magnesium are already maximal, and whether
these effects are permanent or transient. This latter
question is not trivial in that if the effects are
transient, implication is there that magnesium
supplementation has to be maintained for extended
period of time to guarantee a long-lasting
beneficial effect of cardiac myocytes physiology
and contractility.

These are just some of the major questions
still plaguing the field of ACM and its complications
that are in need of experimental and clinical
clarification.
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