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Alcohol and coronary artery disease

Abstract

Introduction
Multiple diverse epidemiological
studies
have
demonstrated
a
protective effect of low to moderate
alcohol consumption on the risk of
coronary heart disease (CHD) events.
Moderate
alcohol
consumption
favourably affects lipid profile,
platelet aggregation, coagulation and
endothelial function, all of which
mediate its protective effect on CHD.
Alcohol in moderate doses also causes
reduction in infarct size similar to that
seen with ischemic preconditioning.
The benefits of red wine over other
forms of alcohol have not been proven
clinically. This review discusses
current evidence and mechanisms
related to the effects of alcohol on
coronary artery disease.
Conclusion
Further research is needed to
establish safe upper dose limits for the
protective effect of alcohol in diverse
patient populations. Also, since most
epidemiologic studies are over a
decade old, it would be worthwhile
repeating them in the era of statin
therapy.

Introduction
Numerous and diverse epidemiologic
studies have shown a protective effect
of
low
to
moderate
alcohol
consumption against the risk of
coronary heart disease (CHD) events.
Although a J-shaped curve appears to
represent the relationship between
all-cause mortality and alcohol
consumption, most studies suggest a
stepwise decline in CHD mortality
with increasing alcohol dose, with
increasing mortality due to other
processes associated with heavy
alcohol consumption.
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This review explores current evidence
and
mechanisms
behind
the
protective effect of alcohol specifically
on coronary artery disease (CAD).

Discussion
Evidence
From
Epidemiologic
Studies
In a pooled analysis of 8 prospective
studies from North America and
Europe, including 192,067 women
and 74,919 men free of cardiovascular
diseases and diabetes, there was an
inverse association between alcohol
and risk of CHD in all age groups
(Figure 1). In the Copenhagen City
Heart Study, with a longitudinal
follow-up over 16 years, increasing
alcohol intake was associated with
decreasing risk for myocardial
infarction (MI), decreasing lowdensity lipoprotein cholesterol and
fibrinogen, as well as increasing
diastolic and systolic blood pressures
and
high-density
lipoprotein
cholesterol, and U-shaped relationship
with triglycerides (Figure 2). These
associations were not modified
by alcohol
dehydrogenase
ADH1B and ADH1C genotypes. In the
Physicians’ Health Study, moderate
alcohol
drinkers
who
were
homozygous
for
the
slow
metabolizing ADH 3 had higher high
density cholesterol (HDL) levels and
lower risk for MI. Figure 3
summarizes various pathways by
which moderate alcohol consumption
affects the risk of CHD.
Influence of Pattern of Alcohol
Consumption on Coronary Artery
Disease
In the Prospective Epidemiological
Study of Myocardial Infarction
(PRIME) study conducted in France
and Northern Ireland, patterns of
alcohol
consumption
differed
significantly
despite
comparable
weekly alcohol intake, with weekend
binge drinking more prevalent in
Ireland and daily moderate drinking

more prevalent in France. The annual
incidence of MI or CHD death (hard
coronary events) was nearly double in
Ireland versus that in France (5.63
versus 2.78 per 1000 patient years). In
a multicenter prospective, inception
cohort study involving 1935 patients
after the first episode of MI, binge
drinkers had a 2-fold higher risk of
mortality than drinkers who did not
binge, and the increased risk was
independent of moderate versus heavy
drinking or type of alcoholic beverage
consumed. These studies suggest that
both quantity and pattern of alcohol
consumption may modify or negate the
protective effect of alcohol against CHD.
Potential mechanisms by which binge
drinking
increases
cardiovascular
mortality are summarized in figure 4.
Effect of Alcohol on Lipid Parameters
The protective role of alcohol in CHD is
largely attributed to its effects on high
density lipoprotein-cholesterol (HDLC). Alcohol intake increases HDL-C in a
dose-dependent fashion up to 18%,
associated with, and possibly caused by,
an increase in the transportation rates
of HDL apolipoproteins apoA-I and A-II.
Incremental alcohol intake is associated
with significantly elevated levels of
HDL-C, phospholipid enrichment of
HDL, and a shift from HDL 3 subfraction
to HDL 2, all of which may augment the
anti-atherogenic effect of HDL-C.
Moderate
alcohol
consumption
favourably
affects
other
lipid
parameters
as
well.
In
the
Cardiovascular Health Study, alcohol
consumption was associated with less
total low density lipoprotein (LDL)
cholesterol particles, lower levels of the
more atherogenic particles (small LDL,
HDL, and very-low-density lipoprotein
particles), and higher levels of the less
atherogenic particles (large LDL and
mediumand
large-sized
HDL
particles), as measured by nuclear
magnetic resonance spectroscopy.
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Effect of Alcohol on Atherosclerotic
Plaque Development
In a study of rats fed a lipid rich diet
and either 3% or 6% ethanol, alcohol
prevented the development of the
early atherosclerotic lesions (fatty
streaks), in a dose-dependent manner.
Surprisingly, a reduction in the level
of high density lipoprotein cholesterol
(HDL-C) was noted in mice with
increasing doses of alcohol, suggesting
an
HDL-C
independent
atheroprotective effect of alcohol.
Alcohol also affects inflammatory
pathways of atherosclerosis. In
cultured human macrophages, ethanol
decreased the production and
secretion of interleukin-1β (IL-1β), a
key
cytokine
involved
in
atherosclerotic
inflammation
of
coronary arteries, in a dose –
dependent manner. In the MultiEthnic Study of Atherosclerosis
(MESA), heavy consumption of alcohol
was associated with greater coronary
artery calcium accumulation, but
there was no evidence of a J-shaped
association between alcohol and
coronary artery calcium over a 2 to 4
year period.
To evaluate the differential effect of
alcohol drinking pattern on plasma
lipid
level
and
physiological
parameters of atherosclerotic plaque
development, daily moderate (2
drinks/day, 7 days/week) and
weekend binge (7 drinks/day, 2
days/week) patterns of alcohol
consumption were studied in a mouse
model. While HDL-C levels increased
in both binge and moderate groups,
LDL-C levels were significantly
decreased in the daily moderate
drinking mice and significantly
elevated in the weekend binge
drinking mice. In the former group
there
was
a
decrease
in
atherosclerotic
plaque
volume,
increase in lumen volume and
decreased macrophage accumulation,
when compared to no alcohol mice. In
contrast, after weekend binge alcohol
consumption there was an increase in
plaque volume, concomitant with a
decrease in lumen volume and
increased deposition of macrophages.

Figure 1: Sex- and age-specific pooled hazard ratios of CHD for categories of daily
alcohol intake.

Angiographic studies have also shown
reduced
progression
of
atherosclerosis in subjects with
known CAD consuming alcohol. In the
Stockholm Female Coronary Risk
Angiographic Study, women < 65
years hospitalized with acute MI or
unstable angina underwent serial
quantitative coronary angiography 3–
6 months following their index event
and repeated 2 to 5 years later. In this
group, moderate alcohol consumption
(over 5 g/day) was protective of
coronary atherosclerosis progression
(Figure 5).
Effects of Alcohol on Hemostatic
Function
In an analysis of the Framingham
Offspring Study, light to moderate
alcohol consumption was associated
with lower levels of fibrinogen,
plasma viscosity, factor VII, and vonWillebrand
factor.
However,
fibrinolytic potential decreased with

increasing alcohol consumption, most
dramatically at approximately seven
drinks weekly. Wine drinkers generally
had the lowest plasminogen activator
inhibitor antigen-1 (PAI-1) levels at
moderate levels of consumption, but
the remaining parameters were not
significantly different among beverage
types.
In a study of platelet activation in
response to ADP and platelet
aggregability in response to ADP,
epinephrine, and collagen among 2,013
participants, alcohol consumption was
inversely associated with platelet
aggregation induced by ADP among
both women and men and by
epinephrine among men. A dosedependent effect of alcohol on
decreased platelet aggregation was also
seen in the Caerphilly Prospective
Heart Disease Study. In vitro, alcohol
blocks
stimulation
of
platelet
phospholipase A2 induced by agonists
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Effects of Alcohol on Endothelial
Function
Low concentrations of alcohol induce
increased release of nitric oxide NO, a
vasodilator, from the endothelium due
to activation and expression of nitric
oxide
synthase.
In
contrast,
administration of high concentrations
of alcohol impairs endothelial function
in association with reduced nitric
oxide bioavailability.
Effects of Alcohol on Vasculature
Ethanol in moderate doses has been
shown
to
directly
promote
vasculogenesis
and
improve
microvascular
function,
thus
improving myocardial perfusion in the
setting of chronic ischemia. In a swine
model of chronic myocardial ischemia,
animals were supplemented with
either moderate doses of ethanol or
sucrose of equal caloric value, serving
as controls.
At 7 weeks, arteriolar density,
myocardial
perfusion
and
microvascular
reactivity
were
significantly increased in ethanoltreated animals compared with
controls in the at-risk myocardium.
Analysis of vascular endothelial
growth factor (VEGF) and NOTCH
pathway signalling (markers of
neovascularization)
suggested
proneovascular and proliferative
activity in the ischemic area.
In vitro ethanol at concentrations
similar to those of moderate alcohol
consumption was shown to dilate

Figure 2: Average levels of diastolic blood pressure, systolic blood pressure, LDL
cholesterol, triglycerides, HDL cholesterol, and fibrinogen according to alcohol
intake. The percent of all women and men in each alcohol drinking category is
shown in parenthesis after the amount of drinks per week. *Probability value for
linear trend. †Probability value for trend for alcohol intake more than 21 drinks
per week for men. ‡Probability value for U-shape.

Figure 3: Effects of moderate consumption of alcohol on coronary artery disease.

isolated porcine coronary arteries and
increase coronary blood flow in
isolated perfused guinea pig hearts.

Ethanol induces the release of
calcitonin related gene peptide (CGRP)
which mediates the vasodilatory effect.
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such as collagen and thrombin, and
thereby prevents mobilization of
arachidonate
required
for the
generation of thromboxane A2
(TxA2)18. Alcohol has also been shown
to potentiate the effect of aspirin,
which blocks the conversion of
released arachidonate to TxA2.
In addition, polyphenols present in
red wine, namely trans-resveratrol
and quercetin, demonstrated a dose
dependent
inhibition
of
both
thrombin-induced and ADP-induced
platelet aggregation, whereas ethanol
inhibited only thrombin-induced
aggregation in in-vitro experiments.
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Effects
of
Alcohol
on
Revascularized CAD
Alcohol may affect restenosis after
angioplasty. Local delivery of ethanol
to pig coronaries immediately after
inducing balloon injury was shown to
reduce intimal hyperplasia after
several weeks. In a retrospective
study of 225 patients who had
undergone angioplasty with stenting,
those who consumed > 50 g alcohol a
week had a lower mean late loss of the
luminal diameter, a lower rate of
coronary restenosis within the
stented segment, and a lower rate of
repeat angioplasty.

Figure 4: Effects of binge drinking on increasing cardiovascular mortality.

In a study of patients with previous
coronary artery bypass grafting
(CABG) and patent grafts, there was a
trend towards roughly 30% lower risk
among moderate drinkers with
respect to clinical events and graft
progression,
though
these
associations were not statistically
significant for either endpoint.
Approximately one-third of the trend
toward less angiographic progression
among moderate drinkers appeared
to be related to higher HDL-C levels.
Alcohol Preconditioning
In a rat model, chronic and low dose
ethanol drinking resulted in a
significant reduction of infarct, a
protective effect similar to that
observed
with
ischemic
preconditioning (IPC) independent of
the effects of alcohol on lipids and
coagulation factors. This effect was
postulated to be mediated through
protein kinase C (PKC) as both ethanol
and IPC cause its activation. PKC
isozymes
phosphorylate
protein
substrates (ATP sensitive potassium
channels and heat shock proteins etc.)
which may ultimately mediate
cardioprotection against ischemia–
reperfusion injury.

Figure 5: Mean progression of coronary artery narrowing in 93 women with
acute coronary syndromes according to daily alcohol use. Results are adjusted for
age, index event, smoking (never/former vs. current), educational status ,
diabetes mellitus, sedentary lifestyle, body-mass index (in quartiles), history of
hyperlipidemia, and menopausal status (in three categories).

However, acute exposure to ethanol
may actually abolish IPC. In a rabbit
model, ethanol exposure in situ
shortly before ischemia did not reduce
infarct size. Moreover, ethanol
abolished protection from IPC. When
ethanol was administered for 5
minutes and allowed to washout, it
did reduce infarct size, suggesting that
continued presence of alcohol during
ischemia may negate the effects of
alcohol on IPC.

Effect of Alcohol Beverage Type
Red
wine
contains
abundant
polyphenolic compounds (notably
resveratrol and anthocyanins) in
addition to alcohol, which may have
additional cardioprotective effects
beyond the effects of alcohol against
CAD. These polyphenols have been
shown to reduce oxidative stress
(decrease lipid peroxidation), decrease
LDL oxidation, improve endothelial
function and favourably influence

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)
FOR CITATION PURPOSES: Gupta S, Figueredo VM. Alcohol and coronary artery disease. OA Alcohol 2014 Mar
14;2(1):5.

Competing interests: None declared. Conflict of interests: None declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

In human beings, CGRP dilates
coronary arteries at the site of
atheromatous stenoses, delays the
onset of myocardial ischemia and
increases work tolerance during
treadmill exercise in patients with
stable angina.
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cholesterol efflux, though the exact
contribution of polyphenols to
decreasing the risk of CAD remains
unclear.

Conclusion

Despite robust evidence of a
protective effect of alcohol on several
aspects of CAD, the significant abuse
potential and detrimental effect of
alcohol on other organs precludes any
recommendation to consume alcohol
for cardioprotection. However, it is
now clear that patients who consume
alcohol in moderation (1-2 glasses per
day) should be allowed to continue
drinking, even after an acute coronary
event. There is no established benefit
of consuming red wine over any other
form of alcohol. Further research is
needed to establish safe upper dose
limits for the protective effect of
alcohol in diverse patient populations.
Also, since most epidemiologic studies
are over a decade old, it would be
worthwhile repeating them in the era
of statin therapy.
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