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Light to moderate alcohol consumption is associated with a

reduced risk of coronary heart disease, as well as ischaemic

stroke and possibly type 2 diabetes. Epidemiological and

physiological data are in favour of a causal relationship.

Proposed protective mechanisms include the stimulation of

HDL-mediated processes such as reverse cholesterol transport

and antioxidative effects. More well-controlled studies are

needed to provide a complete understanding of the complexity

of the underlying physiological mechanisms. Curr Opin Lipidol
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Introduction
The devastating effects of alcohol abuse on social and
physiological well-being have been known for a long
time. However, positive effects of moderate alcohol
consumption have also gained attention during the past
decade. It is well established now that light to moderate
alcohol consumption is associated with a reduced risk of
coronary heart disease. Other cardiovascular diseases are
also bene®cially affected. Epidemiological studies in-
dicate that approximately 50% of the bene®t may
originate from an increase in plasma HDL cholesterol
concentrations.

About 5 years ago a review of the effects of alcohol on
lipoproteins was published in this journal [1]. Since then
our knowledge of this topic has expanded and more
detailed analyses of the association between alcohol
consumption and cardiovascular disease risk have been
performed. During the past few years new protective
mechanisms have been proposed. Con¯icting results
have been reported on the effects of speci®c beverage
types. These topics are presented and discussed in this
review, which focuses on the effects of moderate alcohol
consumption.

Coronary artery disease risk
Epidemiological studies describing the relationship
between alcohol consumption and the cardiovascular
system have recently been summarized [2..]. Some of
the main conclusions are that light to moderate drinking
is associated with a reduced risk of the development of
coronary heart disease in middle-aged and elderly men
and women living in Western countries, and that it is
highly likely that the association is causal. Recent studies
[3,4] have also shown a similar association in non-
Western populations. Moderate alcohol consumption
could also protect after a ®rst myocardial infarction [5].

Over the past years the balance between bene®ts and
adverse health effects has often been discussed, and the
effects of alcohol consumption on overall mortality have
been investigated in depth. Gaziano et al. [6] recently
con®rmed the U-shaped relationship between alcohol
consumption and total mortality described previously [7±
10]. The reduction in total mortality results mostly from
the reduction of cardiovascular diseases. The description
of the overall disease burden caused by alcohol
consumption allows for the de®nition of that quantity
of alcohol that is associated with the lowest mortality
(nadir). The nadir appears to vary substantially between
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countries (US men: 69 g per week; UK men: 116 g per
week) and between the sexes (US women: 26 g per
week), but is not affected by age [11 .]. This was shown
in a systematic review of 20 cohort studies with a total of
more than 60 000 deaths in men and almost 75 000
deaths in women.

The inverse relationship between moderate alcohol
consumption and coronary heart disease has now been
studied both in men and women [12±17]. Bene®ts for
women are mostly found at lower quantities of alcohol,
and appear to be most pronounced in postmenopausal
women. This is not surprising because this age group,
like men over the age of 50 years, has a marked increase
in cardiovascular risk.

Some reports have suggested that the beverage type may
be important [8,17], an issue that is extensively
discussed in a comprehensive review [18] of the effect
of speci®c beverages on coronary heart disease risk. The
latter study showed that observational studies, including
only those that provide speci®c information on the
consumption of beer, wine and spirits in relation to the
risk of coronary heart disease, indicate that moderate
consumption of all three alcohol-containing beverages is
linked with a lower risk. A substantial portion of the
bene®t is thus connected with the alcohol component,
rather than with speci®c non-alcohol components pre-
sent in the different types of beverages.

Stroke and heart failure
It has become clear that other cardiovascular diseases
and diseases with an aetiology associated with peripheral
arteries may also be affected by alcohol consumption.
Light to moderate drinking is associated with a lower
incidence of ischaemic stroke [2..,19,20], whereas binge
drinking on the other hand is associated with an
increased risk of haemorrhagic as well as ischaemic
stroke [2 ..,21±24]. Arrythmias are associated with heavy
alcohol consumption, even in men without cardiovascu-
lar disease [25]. The incidence of sudden cardiac death
may also be increased after heavy alcohol consumption
[26,27], but decreased with light to moderate drinking
[28].

Type 2 diabetes mellitus
The results from recent studies on the association
between alcohol consumption, insulin resistance and
type 2 diabetes mellitus are very interesting. Resistance
to the metabolic actions of insulin is not only associated
with type 2 diabetes, but also plays an important role in
the pathogenesis of obesity and cardiovascular diseases.
Flanagan et al. [29 .] con®rmed earlier studies by showing
a positive correlation between insulin sensitivity and
alcohol consumption in young adults, independent of
gender. These data raise the possibility of a putative

protective role of moderate alcohol consumption in the
development of type 2 diabetes [30±33]. Also, moderate
alcohol consumption could have an overall bene®cial
effect on the risk of death caused by coronary heart
disease in people with type 2 diabetes [34,35].

Dementia
Risk factors for vascular disease and stroke may be
associated with cognitive impairment and dementia [36].
It is interesting to explore further the effects of moderate
alcohol consumption on cognitive performance, Alzhei-
mer's disease and dementia [37±40].

Physiological mechanisms of moderate
alcohol consumption related to
cardiovascular disease
It is important to examine the physiological changes
occurring after moderate alcohol consumption in order to
obtain a better understanding of how disease aetiology
may be altered. However, well-controlled studies in
humans describing these physiological changes are still
scarce.

A meta-analysis was recently published of all experi-
mental studies that assessed the effects of moderate
alcohol intake on lipids and haemostatic factors [41.].
Increases in HDL cholesterol, apolipoprotein AI and
total plasma triglycerides were quanti®ed for an experi-
mental dose of 30 g alcohol per day. On the basis of
published associations between these biomarkers and
risk, this dose was estimated to reduce the risk of
coronary heart disease by approximately 25%. This
percentage is comparable to the relative risks reported
in several large-scale prospective studies [42±44]. Alto-
gether, these data strongly suggest that alcohol con-
sumption may be causally related to a lower risk of
coronary heart disease [41 .].

Lipid and lipoprotein metabolism is affected by alcohol
consumption in several ways. It was recently quantitated
how a moderate dose of alcohol (24 g) affects hepatic
lipid metabolism. Using sophisticated techniques, Siler et
al. [45 .] con®rmed and quantitated that the bulk of a
moderate dose of alcohol is metabolized to acetate. Only
a minor portion (55%) is used for the de-novo synthesis
of fatty acids. The acetate produced is released into the
circulation [45 .] and may inhibit whole body lipid and
carbohydrate oxidation.

Moderate alcohol consumption, which leads to inhibi-
tion of the Krebs cycle, may inhibit hepatic fatty acid
oxidation, resulting in a stimulation of triglyceride
synthesis. The triglycerides are secreted in VLDL. In
healthy normolipidaemic individuals this does not lead
to elevated fasting plasma triglycerides, probably be-
cause of a compensatory increase in lipoprotein lipase

Nutrition and metabolism20



activity. Increased VLDL turnover contributes to the
formation of HDL precursors and thus results in
elevated plasma HDL concentrations [46]. Interestingly,
fasting plasma VLDL levels are hardly affected by
alcohol consumption, but a moderate dose of alcohol
consumed in combination with a meal transiently
increases plasma triacylglycerol concentrations [47] and
decreases plasma LDL cholesterol [48]. This postpran-
dial hypertriglyceridaemia after moderate alcohol con-
sumption also profoundly affects the chemical
composition of HDL [47,49]. HDL triglycerides are
elevated directly after the fat-containing meal, whereas
HDL phospholipids are elevated several hours later
[50].

Fasting plasma HDL cholesterol is clearly increased
during moderate alcohol consumption [49]. Not only
HDL lipids are changed by alcohol consumption.
Studies in healthy volunteers have shown that moderate
alcohol consumption also increases plasma HDL apoli-
poproteins, lecithin : cholesterol acyltransferase (LCAT)
and phospholipid transfer protein activity levels [49]. It
is likely that the rates of formation of plasma HDL
apolipoproteins, HDL-phospholipids and HDL-choles-
teryl esters are all increased, resulting in an elevation of
the number of HDL particles per volume of plasma. In
the fasting state, plasma cholesteryl ester transfer by
cholesteryl ester transfer protein is not in¯uenced by
moderate alcohol consumption, as a result of normal
plasma VLDL levels and unaffected cholesteryl ester
transfer protein concentration [51]. However, net mass
cholesteryl ester transfer is increased during alcohol
consumption with dinner [47].

High-density lipoprotein functions
and disease
Because moderate alcohol consumption is associated
with coronary artery disease mainly via its HDL raising
effects, it is crucial to study the functional consequences
of this increase in plasma HDL concentration and of the
effects on HDL composition. Several properties of HDL
may be important.

High-density lipoprotein and reverse

cholesterol transport

An important property of HDL is its capacity to take up
excess cholesterol from peripheral cells and transport it
to the liver for excretion and degradation to bile acids.
Two mechanisms may be important in cholesterol ef¯ux
[52 ..]. First, cholesterol may be desorbed from the
plasma membrane to phospholipid-rich acceptors like
HDL. Second, cellular cholesterol (and phospholipid)
ef¯ux may be facilitated by the ABC-1 protein, directing
the cholesterol and phospholipids to lipid-poor pre-b-
HDL particles. The resulting lipoprotein particles are
substrates for LCAT, which synthesizes cholesteryl

esters from the unesteri®ed cholesterol of cellular origin.
Changes in lipoprotein metabolism allow for each of
these mechanisms to be stimulated by moderate alcohol
consumption: (i) via the HDL raising mechanisms
described in the paragraph above; and (ii) via an increase
in HDL-associated activities of enzymes such as
paraoxonase-1, LCAT and phospholipid transfer protein
[49]. Only limited data are available on the effects of
moderate alcohol consumption on cellular cholesterol
ef¯ux [53]. Unpublished data from our laboratory show
that moderate alcohol consumption, either as beer, wine
or spirits, increases the capacity of plasma to stimulate
cholesterol ef¯ux from Fu5AH cells (van der Gaag, et al.,
unpublished data).

High-density lipoprotein as an antioxidant

A good antioxidant status is important for human health.
Low plasma levels of antioxidants as well as low intakes
of dietary antioxidants have been associated with an
increased risk of atherosclerotic disease in epidemiolo-
gical studies. However, intervention studies have been
less convincing [54].

Alcohol abuse results in increased urinary lipid per-
oxides, indicating oxidative stress [55]. Red wine
consumption has received much attention as a potential
factor improving the antioxdant status [56±58]. Increases
in plasma antioxidant concentrations after the consump-
tion of red wine may [59,60], or may not [61] occur. It is
unlikely, however, that the phenolic acids present in red
wine, after the consumption of moderate amounts, are
able to raise the plasma levels enough to protect
lipoproteins from oxidative modi®cation. Ex-vivo lipo-
protein oxidation is also not inhibited by these
compounds [59].

Alternatively, we have shown that the activity of
paraoxonase-1 is increased by 8% after drinking moder-
ate amounts of beer, wine or spirits [62]. Paraoxonase-1
is associated with HDL and potently inhibits LDL
modi®cation in vivo by the degradation of oxidized
phospholipids. Paraoxonase-1 activity may also protect
human aortic endothelial cells against monocyte adhe-
sion induced by mildly oxidized LDL [63]. By these
paraoxonase-1-related mechanisms, the consumption of
moderate amounts of alcohol, rather than the intake of
non-alcohol components contained in alcoholic bev-
erages, could mediate antioxidant activity in vivo.

Alcohol effects not mediated by
high-density lipoproteins
Moderate alcohol consumption may not only protect via
HDL, but probably also via a whole range of other
mechanisms. These include effects on LDL [48],
haemostasis and endothelium-dependent functioning of
the vascular wall (vasodilation).
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Haemostasis

Coronary thrombosis is the ®nal result of plaque
instability, involving an imbalance between clotting
and ®brinolysis. Platelet aggregation is a primary
trigger for myocardial infarction. The acute effects of
alcohol on platelet aggregation are con¯icting, but
daily moderate alcohol consumption may cause
decreased platelet aggregability after a few weeks
[64]. This is based mainly on the inverse correlation
between alcohol intake and platelet aggregation
reported earlier [65].

Many, but not all studies, have found an inverse
correlation between ®brinogen levels (a precursor
protein of ®brin, a main constituent of blood clots)
and alcohol use [64]. Fibrinolytic activity, which plays
a crucial role in the ability to prevent and dissolve
clots, is acutely increased by alcohol consumption
[66,67].

Vascular wall functioning

Studies on the effects of moderate alcohol consump-
tion on vascular wall functioning are still rare. It was
recently reported that 3 ml of red wine/kg body
weight (approximately two drinks), taken with a high-
fat meal, does not affect ¯ow-mediated dilation of the
brachial artery [68]. Another group reported decreased
¯ow-mediated dilation after a longer-term high-fat
diet. This decrease did not occur after supplementa-
tion with wine [69]. Also, coronary ¯ow-velocity
reserve may be improved by red wine [70]. Homo-
cysteine, an independent coronary heart disease risk
factor and regulator of the vascular wall, may be
affected differently by moderate intakes of beer, wine
or spirits. Recent data show that beer does not
increase this parameter whereas wine and spirits do
[71]. It is obvious that further studies are needed on
this interesting topic.

Conclusion
Light to moderate alcohol consumption is associated
with a reduced risk of coronary heart disease and some
other diseases. The data strongly suggest a causal
relationship. New protective mechanisms have been
proposed. More well-controlled studies are needed to
understand fully the complexity of the underlying
physiological mechanisms.
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