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Abstract

The effects of alcohol consumption vary consid-
erably and depend on the concentration and dose,
together with various other factors, such as nutri-
tional status, gender, and ethnicity. The present
chapter analyzes the main medical consequences
related to alcohol consumption on cardiovascular
system. Low-to-moderate ethanol consumption

M. M. Rando - L. Sestito - G. Addolorato (D<)
Department of Internal Medicine and Gastroenterology,
Fondazione Policlinico Universitario A. Gemelli IRCCS,
Rome, Italy

Catholic University of Rome, Milan, Italy

e-mail: giovanni.addolorato@unicatt.it

A. Mirijello

Department of Medical Sciences, IRCCS Casa Sollievo
della Sofferenza Hospital, San Giovanni Rotondo, Italy

© Springer Nature Switzerland AG 2020
S. Govoni et al. (eds.), Brain and Heart Dynamics,
https://doi.org/10.1007/978-3-030-28008-6 51

has been linked to a reduced cardiovascular risk,
with a J-shaped or U-shaped dose-response
curve. However, alcohol intake has been associ-
ated with several cardiovascular diseases, such as
hypertension, cardiomyopathy, coronary artery
disease, and stroke. In particular, chronic alcohol
consumption induces several alterations in the
cardiovascular system, including low-grade sys-
temic inflammation, hyperuricemia, dyslipidemia,
hyperhomocysteinemia, increased oxidative stress
with enhanced lipid peroxidation, impaired glu-
cose tolerance with insulin resistance, endothelial
dysfunction, arterial hypertension, and alcoholic
cardiomyopathy. From a clinical point of view, all
the mentioned mechanisms are able to modify
the pathophysiology of atherosclerosis. In
sum, although several studies have described
a J-shaped or U-shaped curve to describe the
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relationship between alcohol intake and total
and cardiovascular mortality, these studies
have been observational and epidemiological
in nature. Promoting alcohol for those who do
not drink and/or the use of alcohol as a
cardioprotective strategy is not recommended.
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Introduction

Alcohol is contained in different beverages con-
sumed since ancient times in most countries
around the world. In the past, it has been reported
that the consumption of low dose of alcohol (1-2
drinks/day in men and 1 drink/day in women) is
associated with decreased cardiovascular risk
with a J-shaped dose-response curve. In the
1990s, Renaud et al. showed that in France, wine
consumption protected from coronary heart dis-
ease, despite a high intake of saturated fat, the so-
called French paradox [1].

The moderate consumption of alcoholic bever-
ages seems to have a protective effect on arterial
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stiffness due to different alcohol-related mecha-
nisms, such as increase in high-density lipoprotein
cholesterol (HDL-C), decrease in platelet adhesivity
to the endothelium, and changes in fibrinogen and
fibrinolytic system [2, 3]. However, despite these
findings, the consumption of alcohol for therapeutic
purposes on cardiovascular risk should not be
encouraged due to the potential risk of damage on
several organs and apparatus and development of
alcohol use disorders (alcohol abuse and alcohol
dependence).

Both acute and chronic alcohol consumption
may induce toxic effects on different organs, in
particular on liver, digestive, nervous, and cardio-
vascular systems [4]. Alcohol plays a pivotal role on
several cardiovascular disorders, such as alcoholic
cardiomyopathy, coronary heart disease (CHD), car-
diac arrhythmias, peripheral artery disease (PAD),
and ischemic and hemorrhagic stroke [1, 5]. More-
over, ethanol promotes the development of arterial
hypertension, and it negatively affects lipid profile,
glucose metabolism, and systemic inflammation
(with a pro-inflammatory effect at high doses), pro-
moting atherosclerosis [2].

In the present chapter, the effects of alcohol on
the cardiovascular system will be analyzed, and
the most frequent diseases related to alcohol use
and abuse will be discussed according to the most
recent scientific data (Fig. 1).
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Fig. 1 Mechanisms involved in cardiovascular damage due to alcohol abuse. CV cardiovascular, NO nitric oxide
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Alcohol, Atherosclerosis, and
Cardiovascular Risk Factors

Several studies have shown that low-to-moderate
alcohol consumption reduces the cardiovascular
risk [6-9]. Renaud et al. in 1992 described the
“French paradox,” which consisted in a reduced
incidence of CHD among French population
despite a high intake of saturated fat. The expla-
nation of this phenomenon was ascribed to the
consumption of wine, as well as to the consump-
tion of similar amount of ethanol consumed in the
form of beer and spirits [1]. Despite evidences of
the role of alcohol in reducing HDL-C (responsi-
ble for transporting cholesterol from arteries to the
liver, decreasing accumulation of cholesterol in
arterial wall and thus the formation of atheroscle-
rotic plaque), Renaud et al. proposed that a mod-
erate intake of alcohol could inhibit platelet
aggregation, thus preventing myocardial
infarction.

Subsequently, different studies have shown
that the consumption of moderate amount of alco-
holic beverages, wine in particular, was associated
with cardiovascular benefits. The attention was
particularly focused on the role of polyphenols,
especially resveratrol (a polyphenol contained in
red wine), and their antioxidant and anti-inflam-
matory effects [10]. However, a prospective
cohort study by Semba et al. showed that resver-
atrol does not associate with inflammatory
markers of cardiovascular disease and it does not
seem to significantly influence health status and
mortality risk [11]. Further studies are needed to
verify the impact of resveratrol on cardiovascular
risk.

Despite these weak evidences, it should be
underlined that chronic alcohol consumption has
a negative impact on cardiovascular risk factors
(progression of atherosclerosis, arterial damage,
and increased cardiovascular mortality) [2]. A
prospective cohort study by O’Neill et al. showed
that heavy alcohol consumption in men increased
arterial stiffness, with consequent reduced respon-
siveness to pressure variations, thus indicative of
both functional and structural vascular adverse
changes [12]. Moreover, regular ethanol con-
sumption influences blood pressure in a dose-
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dependent manner. At low doses (less than 10
gram/day), alcohol has a vasorelaxant effect [2],
but at higher doses, alcohol increases blood pres-
sure [11]. Chronic heavy drinking represents one
of the most common reversible causes of hyper-
tension [13], and its effect on the development of
arterial hypertension is independent of age,
smoking, obesity, salt intake, education level,
and type of alcoholic beverage [14].

Pathophysiological mechanisms of arterial
hypertension due to alcohol abuse are different.
The pivotal role seems to be played by oxidative
stress and endothelial injury, in addition to vascu-
lar responsiveness. It seems that alcohol sensitizes
vascular reactivity to a-adrenoceptor agonists in
aorta and in segments of superior mesenteric
artery. Furthermore, ethanol reduces endothelial
nitric oxide (NO) formation. A further mechanism
involved is the activation of the renin-angioten-
sin-aldosterone (RAA) system and the increased
central adrenergic activity. Moreover, long-term
exposure to alcohol affects baroreflex activity
through the control of heart rate [15]. Recently,
genetic polymorphisms of aldehyde dehydroge-
nase 2 (ALDH2) have been related to alcoholic
hypertension. ALDH2 is an enzyme involved in
ethanol metabolism, turning acetaldehyde into
acetate; the presence of a mutant or inactive
ALDH2*2 gene increased the risk of hypertension
through accumulation of acetaldehyde [16].
Finally, it should be underlined that blood pres-
sure control usually improves with abstinence
from alcoholic beverages [2].

Ethanol is also involved in glucose metabo-
lism. Low-to-moderate drinking inhibits gluco-
neogenesis and glycogenolysis, and it improves
insulin sensitivity, while heavy drinking elimi-
nates these effects. With this regard, ethanol con-
sumption induces fB-cell dysfunction mediated by
oxidative stress, and it is responsible of increased
insulin resistance [17, 18]. Furthermore, ethanol
acts by regulating appetite peptides such as
ghrelin and leptin [18]. Ghrelin is an orexigenic
peptide that has a proliferative and protective role
on p-cells; it stimulates insulin secretion in
response of high circulating glucose levels. This
peptide is also able to reduce endogenous glucose
production [18]. Leptin is an anorexigenic peptide
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able to suppress the production of ghrelin increas-
ing insulin secretion and glucose utilization; lep-
tin has a role in diabetogenic imbalance, leading
to beta-cell dysfunction, insulin resistance, obe-
sity, and impairment of liver function in glucose
metabolism [18, 19]. Chronic alcohol abuse
deregulates ghrelin and leptin systems, in favor
this latter, and it leads to impaired insulin secre-
tion, increased endogenous glucose production,
and increased insulin resistance.

An additional mechanism involved in impaired
glucose metabolism is the effect of alcohol on
brain-derived neurotrophic factor (BDNF).
BDNF is a neurotrophin expressed especially in
the nervous system. It has a role in regulating
neuronal survival, differentiation, synaptic plas-
ticity, cognitive function, and memory [18]. Peo-
ple with type 2 diabetes have low levels of BDNF
that seems to correlate with severity of insulin
resistance [18]. Nakagawa et al. demonstrated
that BDNF plays a role in regulating glucose
metabolism, reducing food intake, and lowering
blood glucose in the obese diabetic mice [20].
They also studied the effect of BDNF on
normoglycemic mice with impaired glucose tol-
erance, demonstrating that BDNF administration
improves insulin resistance [20]. Chronic alcohol
exposure decreases BDNF levels leading to
impaired glucose metabolism. However, the
exact mechanism of BDNF in the pathophysiol-
ogy of type 2 diabetes after ethanol intake needs to
be further investigated.

Alcohol plays also a role in visceral obesity. A
review by Bendsen et al. shows an association
between beer consumption and abdominal adipos-
ity in men [21].

Moreover, ethanol affects systemic inflamma-
tion. At low doses, alcohol has an anti-inflamma-
tory effect. At high doses, it has a pro-
inflammatory  role, affecting levels of
inflammasomes, interleukins, cytokines, tumor
necrosis factor, C-reactive protein, NADPH acti-
vation, and lipid peroxidation, with increased oxi-
dative stress, glutathione and superoxide
dismutase (SOD) depletion, endothelial dysfunc-
tion, increase of endothelial nitric oxide synthase
expression, and monocyte adhesion to the endo-
thelium [2, 22, 23]. As known, inflammation has a
fundamental role in the pathogenesis of
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atherosclerosis, mediating all stages of this dis-
ease from initiation through progression and
thrombotic complications [21].

All these factors contribute to increase cardio-
vascular risk in chronic alcohol abuse.

Alcohol and Coronary Heart Disease

Several studies have shown that moderate alcohol
intake reduces the risk of new-onset coronary
heart disease (CHD), angina, myocardial infarc-
tion, and cardiovascular mortality [5, 24-27]. The
role of different alcoholic beverages on CHD risk
has been examined, but the benefits of compo-
nents other than ethanol, such as antioxidants,
have not been proved [2, 10, 11].

A meta-analysis by Costanzo et al. described a
J-shaped association between wine consumption
and vascular risk and between beer consumption
and vascular risk [28]. Moreover Rebecca et al.
recently showed that the type of alcoholic bever-
ages (beer, wine, or liquor) did not influence CHD
risk. Therefore, the benefits of alcoholic bever-
ages on vascular risk may derive from ethanol
and not from other components, such as polyphe-
nols found in red wine [29].

As previously mentioned, the mechanisms
involved in the decrease of CHD risk by low-to-
moderate ethanol consumption are multiple, in
particular increase in HDL-C and apolipoprotein
A-I, decrease in LDL cholesterol, increased
adiponectin, reduced gluconeogenesis, decrease
in platelet agreeability, changes in fibrinogen and
fibrinolysis system, and a decrease in inflamma-
tory system responses [30—32].

Recently, Xu et al. showed that Chinese stable
CHD patients with ALDH 2 mutated genotype
were vulnerable to coronary artery lesions and
had lower levels of HDL-C with respect to
ALDH 2 wild genotype [3]. Moreover, low-to-
moderate alcohol intake was protective for
multi-vessel coronary artery lesion in ALDH2
wild genotype group [3].

The beneficial effect of alcohol on coronary
risk disappears at higher doses [28, 33, 34].
Besides quantity of ethanol consumed (low to
moderate vs. high), also drinking patterns seem
to impact on CHD. Rehm et al. showed that
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irregular heavy drinking increases the risk of cor-
onary artery disease via unfavorable impacts on
blood lipids and effects on clotting, increasing the
risk of thrombosis [35].

Alcohol and Peripheral Artery Disease

Peripheral artery disease (PAD) is the manifesta-
tion of atherosclerosis on lower extremities,
mainly caused by the interaction of cited cardio-
vascular risk factors (aging, smoking, diabetes
mellitus, dyslipidemia, hypertension, obesity,
etc.) on arteries. PAD typically produces intermit-
tent claudication with pain while walking or at
rest.

The “PREDIMED Study” [36] demonstrated
that a healthy lifestyle is associated with a sub-
stantially reduced risk of PAD. Thus, adherence to
a Mediterranean diet (MedDiet), including mod-
erate alcohol intake other than to a regular phys-
ical activity, normal weight (BMI < 25), and non-
smoking must be encouraged. However, although
some studies showed that low-to-moderate alco-
hol consumption is associated to a reduced risk of
PAD [37], data on the effects of chronic intake of
large amount of alcohol on PAD are lacking. A
retrospective population-based cohort study com-
paring patients with alcohol intoxication, age, and
gender matched with patients without alcohol
intoxication investigated the relation between
high level of alcohol and atherosclerosis in lower
extremities. Patients with alcohol intoxication had
a significantly higher cumulative incidence rate of
PAD than those without alcohol intoxication.
Increased risk has been shown in both men and
women [37]. Thus, alcohol intoxication, besides
complications of alcohol abuse, should be also
considered a major risk factor of PAD. Further
studies are needed to evaluate the quantitative
effect of alcohol use on PAD.

Alcohol and Stroke

A recent meta-analysis by Zhan and co-workers
summarized evidences regarding alcohol con-
sumption and risk of stroke [38]. According to
these results, a low alcohol intake is associated
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with a reduced risk of stroke morbidity and mor-
tality, while heavy alcohol intake is associated
with an increased risk of total stroke [38].

A recent study by Costa and co-workers ana-
lyzed the relationship between alcohol intake and
the risk of intracerebral hemorrhage (ICH). Par-
ticipants were stratified into excessive drinkers
(>45 g of alcohol), light-to-moderate drinkers,
or nondrinkers: among white people aged
55 years and older, high alcohol intake was
found to exert a causal effect on this cerebrovas-
cular event, with a prominent role in the vascular
pathologies underlying deep ICH [39].

Alcohol and Heart: Cardiac
Arrhythmias

The toxic effect of alcohol on the heart is influenced
by genetic, ethnic, and behavioral factors. Toxicity
mostly targets myocytes, highly sensitive to etha-
nol. The damage is dose dependent, and it can be
reversible with abstinence. In some cases, irrevers-
ible structural damage develops with cell death by
apoptosis and development of fibrosis [2].

The most frequent acute toxic effect of ethanol
on the heart is represented by arrhythmias. A posi-
tive association between episodic binge drinking
(consumption >5 drinks per occasion) and onset
of atrial fibrillation has been described in literature
[12]. On this connection, heavy alcohol consump-
tion is associated with atrial extrasystoles and atrial
fibrillation, common manifestations of the so-called
holiday heart syndrome. Even ventricular extrasys-
toles and ventricular tachycardia (that may result in
sudden death) can be associated with alcohol abuse
[401].

The arrthythmogenic effect of ethanol seems to
be due to alterations in calcium homeostasis, in
mitochondrial functions, and in contractile pro-
teins leading to impaired myocardial function.
Other mechanisms involved are prolongation of
conduction times, of QT interval, and of myocyte
refractory periods in the setting of increased sym-
pathetic activity during alcohol withdrawal syn-
drome and of electrolytic imbalance (such as
hypokalemia and hypomagnesaemia) that often
accompanies heavy drinking. These conditions
act altering transmembrane potentials [41].
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Moreover, alcohol use disorder (AUD) is often
associated with other substance use disorders or
psychiatric  comorbidities; these conditions
expose patients to QT-prolonging therapies such
as tricyclic antidepressants, selective serotonin
reuptake inhibitors (SSRIs), and antipsychotic
drugs, leading to a major risk of sudden cardiac
death [40].

However, it should be underlined that acute
arrhythmogenic effect of ethanol is infrequent in
individuals with normal heart function and it is
often associated with a structural myocardial dam-
age, representing a clinical manifestation of alco-
holic dilated cardiomyopathy [2, 40].

Alcohol and Heart: Alcoholic
Cardiomyopathy

Chronic exposure of the heart to high doses of
alcohol can result in alcoholic cardiomyopathy
(AC), a disease characterized by dilation and
impaired contraction of one or both myocardial
ventricles in the presence of normal or reduced
ventricular wall thickness [4].

According to epidemiological data, alcoholic
cardiomyopathy is one of the main causes of
non-ischemic dilated cardiomyopathy in West-
ern countries [41]; an excessive alcohol intake
is evidenced in almost half of cases of this car-
diac disease [42]. Although several studies have
tried to estimate the exact prevalence of AC,
available data are not conclusive [2]. The
reported prevalence of alcoholic cardiomyopa-
thy in patients treated in alcohol addiction unit
is between 21% and 32% [43, 44]. The diagnosis
of AC can be performed in the presence of a
history of chronic alcohol abuse after the exclu-
sion of other causes of dilated non-ischemic car-
diomyopathies [4, 12].

The effect of ethanol on ventricular function is
dose dependent, even if the exact quantity and
duration of alcohol consumption to induce cardiac
damage are still unknown. There is no agreement
on the quantity and duration of alcohol abuse to
produce AC. However, according to the majority
of the literature, 80 grams/day for at least 5 years
represents a reliable cut-off [1].
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However, because of different genetic, ethnic,
and behavioral factors, not all the heavy drinkers
will develop AC. HLA-BS, alleles of the alcohol
dehydrogenase, and nongenetic factors, such as
thiamine deficiency and exposure to other
cardiotoxic substances (e.g., cocaine, previously
utilized beer additives like cobalt and arsenic), are
involved [45]. There is no difference in the prev-
alence of AC in males and females [46].

Evidences of alcohol-induced toxicity to myo-
cardial cell have been reported [47] both in binge
drinkers and in chronic alcohol abuse. In acute
consumption, alcohol has been shown to promote
myocardial inflammation, detectable by the rais-
ing in serum troponin concentration [48]. In
chronic consumption, alcohol seems to produce
alterations in myocytes as hypertrophy, apoptosis
and necrosis, and intracellular structure dysfunc-
tion, modification of contractile proteins and cal-
cium homeostasis, mitochondrial degeneration,
and fibrosis [49]. Moreover, alcohol metabolites
(acetaldehyde and ethyl esters) promote oxidative
damage and lipid peroxidation causing the alter-
ation of excitation-contraction sequence [29, 47,
50]. Thus, alcohol leads to the reduction of myo-
fibrillar proteins and the expression of different
isoforms of myosin that results in depressed car-
diac contraction [51]. As a consequence, the
decrease in cardiac output and the dilatation of
the left ventricle ensue from the long-term activa-
tion of compensatory mechanisms (hyper-
activation of sympathetic nervous system, RAA
system, cytokines, and natriuretic peptide),
resulting in increased preload and the hypertrophy
of normal myocytes [52].

The natural history of AC is not completely
understood for the scarcity of evidences and
because of the few studies available [4, 42].
There are also uncertainties regarding the clinical
progression of the disease and the prognosis. It is
known that end-stage AC is characterized by left
ventricle dilatation and systolic dysfunction but, if
ventricular dilatation and ejection fraction impair-
ment are preceded or not by hypertrophy and
diastolic dysfunction, has not been completely
clarified [4]. Diastolic dysfunction has been pro-
posed as an early manifestation of AC [2]. Even
systolic dysfunction (reduction in left ventricular
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ejection) can be found in a subclinical stage, and it
seems to involve about 13% of heavy alcohol
drinkers [2]. Clinical manifestations of AC appear
at end stage when the damage is advanced. Signs
and symptoms are those of congestive heart fail-
ure, and they are correlated to reduced cardiac
output: dyspnea, orthopnea, bilateral peripheral
edema, fatigue, oliguria, and nycturia. At physical
examination, jugular vein distension, tachyar-
rhythmia, and third and/or fourth tone can be
present. Moreover, it should be underlined that
AC can be accompanied by alcoholic liver disease
(ALD) and neurological disorders typical of AUD
patients.

Regarding the diagnosis of AC, no specific
clinical, instrumental, or histological features
have been identified. AC remains a diagnosis of
exclusion in the presence of a positive patient
history of alcohol intake/abuse. Heavy drinking
should be accurately evaluated and confirmed by
biomarkers of alcohol abuse (gamma-glutamyl-
transpeptidase, mean corpuscular volume, carbo-
hydrate-deficient  transferrin, and  ethyl
glucuronide) and by the consultation of an alcohol
addiction specialist [53]. ECG is not specific; it
can show ST segment and/or T-wave alterations
and any arrhythmias secondary to cardiac dilata-
tion. Chest X-ray can document cardiomegaly,
pulmonary congestion, and pleural effusion.
Echocardiography can help to identify hypertro-
phy, dilatation, and systolic and diastolic dysfunc-
tion at early stage, and it can exclude other causes
of heart failure, such as other diagnostic tools like
magnetic resonance (MR) and biopsy.

The cornerstone of the treatment of AC is total
alcohol abstinence or, at least, a significant reduc-
tion of alcohol consumption [2, 54]. Thus, the
correct identification and treatment of AUD in
the context of an alcohol addiction unit are of
primary importance, even for the possibility to
manage pharmacotherapies (i.e., anti-craving
drugs) [55, 56]. Moreover, as recommended by
the ESC Guidelines, patients have to receive a
specific treatment for heart failure (i.e., beta-
blockers, ace inhibitors, angiotensin receptor
antagonists, diuretics, angiotensin receptor-
neprilysin inhibitor (ARNI)) [57]. In case of per-
sistent severe ventricular dysfunction, even with a
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maximally optimized therapy, an ICD implant and
heart transplantation could be considered [57].

Currently, new strategies are being evaluated for
the treatment of AC. In course of study, there are
inhibitors of pathways involved in myocyte hyper-
trophy and cell loss (myostatin, sirtuins, caspase,
etc.), drugs for the control of cardiac fibrosis
(miRNAs, TGF-p, relaxin, etc.), drugs for the control
of oxidative damage (cardiomyokines, leptin,
ghrelin, etc.), and treatments direct to myocyte regen-
eration and repair (telocytes and stem cells [4, 58]).

Prognosis of AC has not been completely
defined because of lack of evidences. Generally,
AC patients show a better prognosis and a longer
transplantation-free survival than patients affected
by idiopathic dilated cardiomyopathy [42]. The
presence of atrial fibrillation, QRS duration
>120 ms, and lack of beta-blocker therapy seem
to represent independent predictors of mortality
[42]. Moreover, the long-term prognosis seems to
be influenced also by the course of AUD; in fact
worsening of systolic function is directly related
to the amount and to the duration of alcohol con-
sumption [4]. However, although total alcohol
abstinence represents the gold standard in the
treatment of AC, data of a correlation between
reduction of alcohol intake and cardiac improve-
ment are still lacking [4].

Conclusion

Data on the potential benefits of low-to-moderate
alcohol intake on cardiovascular risk are at present
still debated and controversial. At present, pro-
moting alcohol consumption for those not drink-
ing or the use of alcohol as a cardioprotective
strategy is not recommended for the risk of
organ damage and of alcohol misuse.
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