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Purpose of review

Epidemiological studies consistently link moderate alcohol use

with a lower risk of cardiovascular disease, but a number of

important issues remain controversial. These include the

putative impact of non-alcoholic constituents of some alcoholic

beverages, the role of genetic factors, potential mechanisms for

this association, and confirmation of the relationship in

experimental models.

Recent findings

Although high-density lipoprotein cholesterol (HDL-C) is

considered the primary mediator of the cardiovascular effects of

moderate drinking, recent evidence has shown the alcohol-

HDL-C relation is not linear beyond the range of moderate

drinking. Moderate alcohol use also has important inverse

relations with inflammatory factors. Some, but not all, animal

models confirm the anti-atherogenic effects of ethanol and

highlight inflammatory factors as one possible mechanism. The

non-alcoholic constituents of red wine also have anti-

atherogenic and perhaps even life-extending properties in vitro,

but their relevance to humans remains uncertain. Genetic

variants of the apolipoprotein E and interleukin 6 genes in

humans may modify how alcohol influences atherosclerosis,

further emphasizing the importance of HDL-C and inflammatory

factors as mediators.

Summary

The robust relationship between moderate drinking and lower

risk of cardiovascular disease remains an intriguing area of

investigation. Clarifying potential gene–environment interactions

and translational research into uses for non-alcoholic

components will be important areas for future investigation.

Keywords

alcohol, atherosclerosis, ethanol, HDL cholesterol, inflammation

Curr Opin Lipidol 15:673–680. # 2004 Lippincott Williams & Wilkins.

Division of General Medicine and Primary Care, Beth Israel Deaconess Medical
Center, Boston, MA 02215, USA

Correspondence to Kenneth J. Mukamal, MD, Division of General Medicine and
Primary Care, Beth Israel Deaconess Medical Center, 330 Brookline Avenue, Boston,
MA 02215, USA
E-mail: kmukamal@bidmc.harvard.edu

Current Opinion in Lipidology 2004, 15:673–680

Abbreviations

apo apolipoprotein
CRP C-reactive protein
HDL high-density lipoprotein
HDL-C high-density lipoprotein cholesterol
IMT intima-media thickness
LDL low-density lipoprotein
LDL-C low-density lipoprotein cholesterol

# 2004 Lippincott Williams & Wilkins
0957-9672

Introduction
In a host of epidemiological studies, alcohol consumed in

moderation is associated with a lower risk of cardiovas-

cular disease [1], even while heavy alcohol consumption

leads to liver disease, pancreatitis, and cancer. The lower

risk of cardiovascular disease among moderate drinkers

has been described as among the most robust in the field

of epidemiology [2], although many aspects of the

relation remain uncertain. For example, less is known

about the association of alcohol use with atherosclerosis

per se, and the importance of beverage type remains

controversial. In this review, we describe newer evidence

surrounding the relationship between alcohol consump-

tion and atherosclerosis, including recent work on genetic

modifiers of this relationship, effects of non-alcoholic

constituents, and possible mechanisms for this relation.

An important caveat to the many studies we describe is

the lack of any randomized trial proving that alcohol

intake prevents cardiovascular disease. In addition to

epidemiological studies, short-term trials in humans

provide suggestive mechanisms [3], and alcohol intake

prevents atherosclerosis in some [4,5] but not all [6,7..]

animal models. Nonetheless, the definitive trial to

confirm this link in humans has not been performed,

nor is it clear that such a trial can be performed in the

near future. Thus, while many lines of evidence support

the observed link between moderate drinking and lower

risk of cardiovascular disease, definitive proof remains

elusive. Of note, the effect of vitamin E intake on

cardiovascular disease was supported by equally intri-

guing observational [8] and experimental [9] evidence

but has been disappointing in clinical trials [10]. We

await the possibility of similar trials to test the alcohol–

atherosclerosis relationship further.

Development of atherosclerosis
In considering the potential effects of alcohol on

atherosclerosis, it is worthwhile to consider the entire

continuum of atherosclerotic vascular disease. Athero-

sclerosis entails the progressive thickening and hard-

ening of arterial walls, with loss of elasticity and gradual

stenosis of the luminal diameter. It ultimately leads to

clinical cardiovascular disease in adults, but actually

begins in childhood with the development of fatty

streaks [11]. Focal proliferation of smooth muscle cells in

the intima, followed by accumulation of lipids, leads to

fatty streak development. Lipoproteins, including high-

density lipoprotein (HDL), low-density lipoprotein

(LDL), very-low-density lipoprotein, and apolipoprotein

(apo) E, along with macrophages and T-lymphocytes, are
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present in the fatty streak [12]. Migration of macro-

phages and lipid-laden smooth muscle cells into the fatty

streak leads to the maturation of the fatty streak into a

fibrous plaque. Plaque expansion is associated with

vascularization from the adventitia into the intima [13].

Blood vessels in the plaque are prone to rupture, leading

to hemorrhage within the plaque [14]. Ultimately,

rupture of the plaque itself leads to acute thrombosis

and vessel occlusion.

Thus alcohol intake could conceivably act at several

points in this continuum, including deposition of

cholesterol into the vascular wall, maturation of lesions

by inflammatory cells, associated dysfunction of en-

dothelial cells, and thrombosis at sites of arterial injury.

Recently, the role that HDL cholesterol (HDL-C) and

inflammatory factors play together in the link between

alcohol and atherosclerosis has come under particular

scrutiny.

Alcohol and high-density lipoprotein
cholesterol
Alcohol consumption has variable effects on different

lipid fractions, including HDL-C and triglycerides. The

relationship of alcohol use to levels of HDL-C has been

of the greatest interest recently, because of both the

strong association of HDL-C with risk of coronary heart

disease and recent experiments that have manipulated

HDL-C to produce vascular benefits [15 ..,16..].

HDL particles mediate reverse cholesterol transport

from peripheral tissues to the liver. Multiple HDL

subclasses exist, but whether all subclasses are equally

effective in reverse cholesterol transport remains some-

what controversial [17,18]. In addition, HDL promotes

fibrinolysis, decreases platelet aggregability, plays a role

in endothelial function, and may prevent LDL choles-

terol (LDL-C) oxidation [19].

Regular alcohol consumption unequivocally increases

plasma HDL-C levels. A meta-analysis of over 40 short-

term trials found an average increase of 3.99 mg/dl for a

30-g daily dose of alcohol (approximately two drinks) [3].

Interestingly, the proportional increase in HDL-C levels

was greatest for those with lower baseline HDL-C

levels, consistent with the lower prevalence of metabolic

syndrome associated with alcohol use in some [20] but

not all [21 .] studies. Although its significance is

uncertain, alcohol consumption may shift HDL particle

distribution towards larger HDL2 particles and away

from the more dense HDL3 particles [22,23]; however,

alcohol use appears to raise both subfractions to at least

some degree [18,24,25]. In statistical models, the higher

levels of HDL-C among moderate drinkers appear to

account for about half of their lower cardiovascular

disease risk [26,27].

Recent evidence has clarified that the relationship

between alcohol use and HDL-C levels may not be

strictly linear. For example, alcoholic liver disease leads

to a decrease in HDL-C levels that corresponds to the

level of liver impairment [28,29]. Even more strikingly,

investigators from the Copenhagen City Heart Study

recently used generalized additive models with cubic

smoothing splines to explore levels of HDL-C across a

wide range of alcohol use [30 ..]. They found a sharp

linear relation up to 35 drinks per week for men and 20

drinks per week for women, with great heterogeneity

but no clear further increase in HDL-C levels with

heavier intake. These data provide one plausible

mechanism for why coronary heart disease rates do not

decline with heavier alcohol use in a simply dose-

dependent manner.

Paraoxonase 1 is a 43-kDa protein tightly associated with

HDL in serum. It may play a role in cardioprotection, as

it prevents LDL-C oxidation, destroys oxidized LDL-C,

and interferes with the macrophage uptake of LDL

particles. In addition to its effects on HDL-C per se,
alcohol intake may also promote paraoxonase 1 activity.

In a randomized crossover trial, Sierksma and colleagues

[31] found that consumption of 30–40 g of alcohol daily

(as beer) for 3 weeks increased serum paraoxonase 1

activity by almost 4% after about 15 days. Rao and

colleagues [32 ..] found that rats fed alcohol as 10% of

calories had greater serum paraoxonase 1 activity and

greater hepatic paraoxonase 1 mRNA expression than

control rats, while those fed 36% had lower levels.

Similar results were found in observations on a

convenience sample of non-, light, and heavy drinkers.

In a Chinese population, Wang and colleagues [33..]

found that the greater paraoxonase 1 activity tied to

alcohol use was greatest in carriers of the –107T allele, an

important source of variability in paraoxonase 1 function.

Alcohol and inflammatory markers
The now widespread recognition that atherosclerosis is

an inflammatory condition has led investigators recently

to explore the anti-inflammatory effects of alcohol.

Although this hypothesis has not been tested widely in

clinical trials, Sierksma and colleagues [34] found that

moderately heavy alcohol intake (four glasses of beer

daily for men, three for women) reduced C-reactive

protein levels by 35% in a crossover trial of 19 Dutch

subjects [34]. Another crossover trial of 40 healthy men

found that 30 g of alcohol daily reduced interleukin 1a
levels by approximately 22% [35 ..]. However, among

patients with established coronary heart disease, a third

trial found that wine intake raised interleukin 6 levels

[36 .].

Epidemiological studies support the hypothesis that

moderate alcohol intake has anti-inflammatory effects.
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Following the original observation of a U-shaped relation

between alcohol use and inflammatory markers by Imhof

and colleagues [37] in a German population, several

other studies have confirmed this finding [38,39]. For

example, in an analysis of older adults in the Cardiovas-

cular Health Study, we found that alcohol consumption

was inversely associated with four inflammatory markers

[40 ..]. Interestingly, there was no relationship of alcohol

intake to a fifth marker – C-reactive protein (CRP) – in

the overall population, but this null finding obscured an

important gene–environment interaction. Among parti-

cipants with an apoE4 allele, the association was

positive: heavier alcohol intake was linked to higher

CRP levels. However, among participants without such

an allele, there was a trend toward lower CRP levels with

heavier alcohol use. Given that apoE is an important

component of HDL particles, this finding further ties

together alcohol use, HDL-C, inflammation, and athero-

sclerosis. The ATTICA Study also examined this link in

a population-based cohort of 1633 Greek adults and

found that one or two drinks per day was associated with

higher levels of HDL-C and lower levels of CRP and

leukocyte count; heavier intake did not increase HDL-C

levels further and led to higher levels of inflammatory

markers [41.].

The Carotid Atherosclerosis Progression Study explored

a different gene-environment interaction that provides

important insight into the anti-inflammatory effects of

alcohol [42 ..]. The Carotid Atherosclerosis Progression

Study investigators studied the -174G?C polymorphism

in the promoter region of the interleukin 6 gene. They

found that heavier drinkers with the CC genotype had

markedly higher interleukin 6 levels and common

carotid intima-media thickness (IMT) than did hetero-

zygotes or GG homozygotes, an effect that was not

present at lower doses of alcohol. Similarly, carotid

plaque was generally less common among CC homozy-

gotes at moderate levels of alcohol intake, but was

significantly more common among CC homozygotes at a

heavier level of intake (odds ratio, 3.64; 95% confidence

interval, 1.15–11.54). Thus, an interleukin 6 gene

polymorphism appears to modify how heavy alcohol

use relates to both interleukin 6 levels and carotid

atherosclerosis.

Another set of markers related to inflammation are

adhesion molecules, such as intercellular adhesion

molecule-1 (ICAM-1), vascular cell adhesion molecule-

1 (VCAM-1), and E-selectin. Sacanella and colleagues

[43,44] have examined the relationship of these mole-

cules to alcohol use in a series of studies. Their

observational data suggest that intake of two or three

drinks per day is associated with the lowest levels of all

three markers, although heavy intake is associated with

substantially higher levels. In an unadjusted analysis,

alcohol use was associated with higher ICAM-1 levels in

a stepwise manner among almost 1000 male physicians

[45]; differences in beverage type may explain some of

this difference (see below).

Although commonly thought of as a prothrombotic

factor, fibrinogen is an acute-phase reactant that clusters

with other inflammation-sensitive proteins in population-

based studies [46]. Although alcohol intake has long

been associated with lower fibrinogen levels [47], and

indeed lowers them in randomized trials [3], other

aspects of fibrinogen have also received recent attention.

For example, Gorinstein and colleagues [48.] found that

men with previous coronary artery-bypass surgery who

were randomly assigned to drink beer for 30 days had

qualitative changes in the structure of fibrinogen,

including reduced a-helical content. Whether these

changes lead to a change in thrombogenicity is

unknown.

Alcohol and atherosclerosis in animal
models
An important source of concern regarding the inverse

relation of alcohol use and cardiovascular disease has

been the difficulty in replicating the finding in experi-

mental animal models [49]. Emeson and colleagues [5]

have found that ethanol reduces atherosclerotic lesion

size in C57BL/6 mice fed a diet high in saturated fat, and

Dai and colleagues [50] have found the same in LDL-

receptor-knockout mice. Auger et al. [51] found that

ethanol reduced aortic fatty streak area by 60% in golden

Syrian hamsters. However, others have been unable to

confirm this in apoE-deficient mice [6] or in C57BL/6

mice fed a more mixed diet [52].

This inconsistency remains present in more recent

studies. Escola-Gil and colleagues [53.] found no effect

of alcohol or beer intake on atherosclerosis in C57BL/6

or apoE-deficient mice. Vinson and colleagues [54]

found that ethanol reduced atherosclerosis in golden

Syrian hamsters, although this group found no clear

effect of ethanol intake in a subsequent study [7..].

Deeg [55..] has observed insightfully that some of this

disparity may reflect differences in animal feed. He

found that ethanol had no effect on aortic atherosclerosis

in two strains of mice fed a low-fat diet, but it reduced

lesion size in both strains when fed a high-fat, cholate-

containing diet. As ethanol also reduced aortic nuclear

factor kB-binding activity, Deeg [55 ..] hypothesized that

ethanol may act by attenuating the inflammatory state

that accompanies cholate intake.

Alcohol and atherosclerosis in observational
human studies
To date, the only direct measure of atherosclerosis

consistently evaluated in human studies has been carotid
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IMT, although change in carotid IMT correlates only

modestly with changes in coronary atherosclerosis [56].

Much as with previous animal studies, observational

studies of alcohol intake and carotid IMT have also not

been entirely consistent. Some studies have shown J-

shaped relations [57], while others have found no

relation [58]. Although ethanol intake was not associated

with internal or common carotid IMT in a recent study

of older Japanese adults [59.], we found a J-shaped

relation between alcohol use and composite carotid IMT

among older adults in the United States [60 ..].

This inconsistency was also seen in analyses of two

measures of cerebrovascular disease; infarction and white

matter lesions. Investigators from the Atherosclerosis

Risk in Communities Study found no relation of alcohol

use to these abnormalities among 1909 middle-aged

adults [61 ..], whereas we had previously found a U-

shaped relation with white matter grade and an inverse

relation with silent infarcts among over 3000 older adults

[62].

Modification of the effects of alcohol by genetic variants

may explain some of this inconsistency. As noted above,

an interleukin 6 promoter polymorphism appears to

modify the relation of heavier drinking with carotid

atherosclerosis [42 ..]. We also found a gene–diet inter-

action in our analyses of older adults enrolled in the

Cardiovascular Health Study [60..]. Among participants

without an apoE4 allele, consumers of one to six drinks

per week had the lowest carotid IMT, similar to that seen

for the overall cohort described above. However, among

apoE4-positive carriers, the relation was roughly positive,

and consumers of one to six drinks per week had

modestly higher IMT than abstainers. This interaction

closely parallels the alcohol–apoE interaction on inflam-

matory marker levels already described [40 ..].

Another potentially important modifier of the alcohol–

atherosclerosis association is the alcohol dehydrogenase

1C (ADH1C) gene. This gene has a well-described set

of two linked polymorphisms that is common in white

populations and that appears to modify the rate at which

the enzyme metabolizes ethanol. In a pivotal analysis of

the Physicians’ Health Study, Hines and colleagues [63]

found that the ADH1C polymorphism modified the

effect of alcohol intake on both HDL-C levels and risk

of myocardial infarction. This provided extremely

powerful evidence that the observed relation of alcohol

and lower risk of coronary heart disease is causal.

However, in the last year, two studies have dampened

enthusiasm for this interaction. Whitfield and colleagues

[64 ..] studied 901 adults and found the expected

increase in HDL-C levels with greater alcohol use, but

no evidence that ADH1C genotype altered this relation-

ship. Zee and colleagues [65 .] also analyzed the

Physicians’ Health Study; they found no clear relation-

ship between alcohol use and risk of stroke, either

overall or among those men with a given ADH1C

genotype.

The role of beverage type
Ethanol is present in a variety of preparations including

wine, beer, and spirits. Although moderate consumption

of wine has been associated with a particularly low risk of

coronary heart disease in some studies [66], many have

questioned the relative cardioprotective effects of

different alcoholic beverages [67]. For example, our

recent analysis of over 38 000 men found that frequent

consumption of alcohol, regardless of type, was asso-

ciated with lower risk of coronary heart disease; red wine

was actually least associated with lower risk [68].

An important consideration in evaluating beverage-

specific effects in humans is the importance of dose.

Many studies have used supraphysiological doses of non-

alcoholic constituents of wine or beer, raising questions

about whether such polyphenolic compounds are effec-

tive in vivo. A recent Canadian study tested the

absorption of three phenolic compounds (resveratrol,

catechin, and quercetin) when given to healthy young

men [69..]. In brief, all three polyphenols were absorbed

as glucuronide and sulfate conjugates, with free poly-

phenols representing only 2% (for resveratrol) to 20%

(for quercetin) of the peak serum concentrations. Since

the levels of free polyphenols did not reach the

necessary levels described in studies in vitro, these data

call into question the clinical relevance of the studies in
vitro done with these polyphenolic compounds.

In general, recent epidemiological studies support the

homogeneity of alcoholic beverages. The Copenhagen

City Heart Study found no clear differences between

beverages in their association with HDL-C levels; an

apparent benefit to wine among men was not seen in

women, in whom beer appeared to have the strongest

effect [30..]. Beer and wine were similarly associated

with lower carotid IMT in the Cardiovascular Health

Study [60 ..]. However, in a randomized crossover trial of

40 healthy men, red wine lowered levels of CRP and

adhesion molecules, while intake of gin did not [35..],

suggesting the possibility of a particular benefit of red

wine on inflammatory factors.

Are there potentially clinically useful
compounds in wine or beer?
Despite considerable doubt about whether different

alcoholic beverages have different effects on coronary

heart disease, red wine (and, to a lesser extent, other

dark alcoholic beverages) does have a number of

complex polyphenolic substances that could be har-

nessed in the future.
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Animal models provide some suggestive data in this

regard. Of note, red wine may not be alone in its

abundance of bioactive compounds; Vinson and collea-

gues [7 ..] have noted that beer contributes more

antioxidants per day than wine to the American diet,

and they have found that lager protects particularly well

against atherosclerosis in a hamster model, although this

was not confirmed in mouse models [53 .].

Red wine polyphenols rather consistently reduce ather-

osclerosis in animal models. Two Australian groups

found that polyphenols in red wine inhibit atherosclero-

sis in apoE-deficient mice without a clear effect on lipid

oxidation [70 ..,71..]. Auger and colleagues [72..] found

that red wine polyphenols, but not hydroxycinnamic

acids also found in wine, reduce aortic atherosclerosis in

golden Syrian hamsters. Vinson and colleagues [54] have

reported similar findings. On the other hand, one study

of apoE-deficient mice fed red wine or red wine powder

found no reduction in mature atherosclerosis [6].

Can the active compounds in red wine be identified,

purified, and used clinically? If so, they could avoid the

inherent difficulty in any recommendation to increase

alcohol use. At least three studied recently include

resveratrol, quercetin, and delphinidin.

Resveratrol, or 3,5,4’-trihydroxy-trans-stilbene, one such

molecule found in grape skins, is thought to have

potential anti-atherogenic effects. Some have suggested

that resveratrol induces vasorelaxation via inhibition of

LDL-C oxidation [73], inhibition of NADH/NADPH

oxidase [74], or stimulation of the NO–cyclic GMP

cascade [75]. A recent study suggested that resveratrol’s

effects on the endothelium may arise from its inhibitory

effect on protein kinase Ca activity [76.]. Of note,

ethanol itself activates protein kinase Ce, which may

mediate its protective effect against ischemia–reperfu-

sion injury [77].

Quercetin, like resveratrol, is another antioxidant poly-

phenolic compound found in grapes and red wine. Both

resveratrol and quercetin inhibit platelet aggregation

[78]. Di Santo and colleagues [79 ..] found that

resveratrol and quercetin also reduce tissue factor

expression by both endothelial and mononuclear cells

stimulated with cytokines or bacterial lipopolysaccharide.

Delphinidin, a less widely recognized polyphenol found

in red wine, increases endothelial nitric oxide synthase

expression, which results in reduced aortic endothelial

cell apoptosis and improved endothelial integrity [80 ..].

It is a potent antioxidant and reduces monocyte

chemoattractant protein production in stimulated en-

dothelial cells [81 ..]. More generally, red wine poly-

phenols also suppress migration and vascular endothelial

growth factor expression of smooth muscle cells

[82,83 ..].

Perhaps the most surprising effect of resveratrol is its

recent link to cellular longevity, an effect that may be

entirely unrelated to any effects on atherosclerosis. In

yeast, resveratrol stimulates Sir2, a member of the sirtuin

family of protein deacetylases [84 ..]. This leads to

greater DNA stability during serial replication and a 70%

increase in lifespan. Caloric restriction (a considerably

less appealing alternative) has a similar effect. Transla-

tional research in the future may determine whether this

intriguing effect can be brought from the bench to the

bedside.

Conclusion

Epidemiologic evidence suggests that moderate con-

sumption of alcohol is associated with lower cardiovas-

cular risk. The mechanism for this effect is not entirely

established, but may be related to alcohol’s effect on

both HDL-C and inflammatory factors. This apparent

health benefit is not clearly limited to any one form of

alcohol, although it remains possible that the non-

alcoholic components of alcoholic beverages may be

harnessed for health benefit in the future. At the same

time, ongoing genetic studies have identified poly-

morphisms that may regulate the relative benefits and

risks of alcohol intake. Until these issues are clarified

further, however, and in the absence of a randomized

trial, we believe alcohol use should remain a source of

personal enjoyment, rather than of clinical benefit, to

adults who drink it responsibly. To them, salud!
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