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The present paper provides a comprehensive review of the literature pertaining to the impact of alcohol intake on cardiovascular disease. Both
cross-sectional and prospective studies have disclosed a negative association between moderate intake of alcoholic beverages and cardiovascular
disease. The relationship appears to be present for both wine, beer and
spirits. Effects of alcohol itself and also the role of different cardioprotective substances in alcoholic beverages are discussed. Alcohol has
been suggested to beneficially affect the blood lipid profile, as it increases
plasma HDL-cholesterol level. Furthermore, it may inhibit thrombogenesis by reducing thromboxan formation and decreasing the plasma
level of fibrinogen. However, high blood concentrations of alcohol may
impair fibrinolysis by increasing plasma plasminogen activator inhibitor-1
level. This action could contribute to explaining the ‘U’-shaped association between alcohol intake and cardiac events. Alcohol seems to promote
abdominal fat distribution, but the importance of this effect in non-obese
individuals is uncertain. Wine in particular, but also beer, contains
polyphenols which act as antioxidants. Their action could maintain the
integrity of the endothelial function by reducing the formation of superoxide. Moreover, these antioxidants may protect against LDL oxidation
and modulate the macrophage attack on the endothelium. Although the
cardio-protective effect of alcohol can hardly be addressed in healthy
individuals by intervention studies with hard end points, there are many
observational and experimental findings indicating that moderate alcohol
drinking possesses properties preventive of cardiovascular disease.
Alcohol: Antioxidants: Blood lipids: Cardiovascular disease:
Haemostasis: Alcoholic beverage

Introduction
As an organic solvent it is obvious that ethyl alcohol has potent biological effects, and man has
been delighted and seduced by the mental effects it causes. Since ancient times, when the
Abbreviations: CETP, cholesteryl ester transfer protein; LPL, lipoprotein lipase; MI, myocardial infarction; NIDDM, non-insulin-dependent diabetes mellitus; NOS, NO synthase; PAI-1, plasminogen
activator inhibitor-1; t-PA, tissue-type plasminogen activator.
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euphoric effect of fermented berries was discovered, alcohol has caused many physical and
mental problems in individuals with poor resistance. The consequences of abusive alcohol
behaviour are numerous and include social derangement, infertility, fetal damage, malnutrition,
liver cirrhosis, pancreatitis, intestinal problems, cancer, hypertension and cardiovascular diseases. Several of these conditions are probably related to the metabolic derangement caused by
alcohol. When alcohol is oxidised in the liver NAD+ is reduced to NADH, and this process
leads to a derangement of the redox potential in the liver cells, which affects a large number of
other metabolic pathways (Lieber, 1991). One of the prominent results of altered redox status is
the increased synthesis and trapping of fatty acids in triacylglycerols (Mezey, 1985). This
process has an acute hypertriacylglycerolaemic effect, and may lead to hepatic steatosis in
chronic excessive alcohol use.
Alcohol takes the highest position in the so-called oxidative hierarchy, and therefore
replaces other energy-providing substrates while it is being metabolised (Prentice, 1995). Most
of the acetate produced by alcohol oxidation in the liver enters the blood plasma to be taken up
peripherally, where it is used as an oxidative substrate. As acetate is readily oxidised in the citric acid cycle (Skutches et al. 1979) it has a high substrate priority, and alcohol may therefore
cause acute insulin resistance (Shah, 1988). These different adverse effects tend to imply that
alcohol consumption must increase mortality at any level. However, epidemiological findings
suggest otherwise. In prospective studies relating self-reported alcohol intake to all-cause mortality a ‘U’- or ‘J’-shaped curve is typically found, independently of other mortality risk factors
such as smoking and obesity (Fig. 1; Grønbæk et al. 1994). How does the descending ‘leg’ of
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Fig. 1. Relative risk of mortality in relation to alcohol intake in smoking (>20 g tobacco/d; –, –) and
non-smoking (▫–▫, ●–●), obese (BMI >32•5 kg/m2; –, ▫–▫) and lean (BMI 20–25 kg/m2; –, ●–●)
subjects. (Grønbæk et al. 1994; reprinted with permission from the BMJ Publishing Group.)
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this curve come about? Does alcohol possibly protect against one of the major killers in
Western societies?

What can epidemiology tell us about moderate drinking and cardiovascular diseases?
Population surveys
That intake of wine may exert a protective effect against CHD was implied by the so-called
French paradox. The French have a strikingly low incidence of CHD compared with that
observed in other developed countries, despite a relatively high consumption of saturated fat in
the form of dairy fat. However, when the potential effect of their high intake of wine is
accounted for their mortality rate from CHD is equal to that found in other nationalities with a
similar intake of dairy fats (Fig. 2; Renaud & De Lorgeril, 1992). The outcome of this manipulation of statistical data does not prove that it is the high wine intake that protects the French
against CHD. Other protective lifestyle factors, such as their intake of unsaturated fat and fruit
and vegetables, may play a role, and the French mentality, with a relaxed way of living, has
also been suggested to prevent the development of CHD (Cleophas, 1999).
If wine does protect against CHD what are then the mechanisms? The alcohol in wine is an
obvious component to study. If alcohol, per se, has a cardio-protective effect, the negative association observed between wine consumption and CHD incidence should also be expected to be
present when related to total alcohol consumption and individually to other types of alcoholic
beverages. In ecological studies the incidence rate of CHD in different countries is studied in
relation to the corresponding national records of alcohol consumption. In this type of study a
negative correlation between total per capita alcohol consumption and deaths from atherosclerotic heart disease has been found. Nevertheless, beer consumption was reported to be positively related to atherosclerotic heart death (LaPorte et al. 1980), an observation also found in a
later study (Nanji, 1985). However, beer consumption was also strongly correlated with the
consumption of meat which was also related to the cardiac death rate. The interpretation of
such observations is therefore very difficult. In general, a variety of factors which may differ
between countries, such as dietary habits, physical activity, smoking and health care, could confound such ecological data. More recent ecological studies have adjusted for some potential
confounding factors like smoking, the composition of consumed fat, or the intake of fruit and
vegetables. These studies show a negative association between CHD death rate and wine
intake, unlike that for beer or spirits consumption (Rimm et al. 1996). However many important confounding factors may still be unaccounted for and, furthermore, the total consumption
rate of a particular type of beverage in any given country does not provide any information
about how consumption is distributed amongst its population. Similar consumption rates for
alcohol in wine and spirits in a society could reflect a moderate intake of wine in the majority
of the population but an excessive intake of spirits in a minor subpopulation, with a consequent
detrimental rather than beneficial impact on the heart (Cleophas, 1999).

Case–control and prospective cohort studies
Such studies relating alcohol intake to CHD events between specific individuals may be more
conclusive, although they may still be confounded by inter-individual variations in other
lifestyle factors. However, due to the large number of observations in such studies more
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Fig. 2. Relationship between age-standardised death rate from CHD and consumption of dairy fat before
(a) and after (b) the inclusion of wine as an additional predictor. (a) Regression equation y = 26•3 + 0•27
dairy fat, r 0•73, P<0•001; (b) regression equation y = 145 + 0•138 dairy fat – 0•917 wine, r 0•87, P<0•0001.
(From Renead & De Lorgeril, 1992; reprinted with permission from Elsevier Science.)

appropriate adjustments for confounders may, in some cases, be possible. In case–control studies the alcohol intake of survivors of myocardial infarction (MI) may be compared with that of
a control group. The pivotal point in case–control studies is to select a comparable control
group with regard to potentially confounding factors. Ideally, the controls should be identical to
the patients who have survived an MI with regard to factors such as social status, dietary habits
and physical activity. If these conditions cannot be fulfilled the next best procedure is to adjust
the odds ratios for differences in the potential confounders. A recent case–control study compared patients who had survived an MI with age-, sex- and community-matched controls, and
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adjusted for BMI, personality, family history of MI, physical activity, smoking, energy intake
and relative intake of saturated fat (Gaziano et al. 1999). Relative risk for MI was lower in regular drinkers compared with non-drinkers, irrespective of whether their preferred beverage type
was wine, beer or spirits. Although adjusted relative risk for MI tended to be somewhat higher
for beer drinkers than for wine or spirits drinkers, there was no significant difference between
the groups. Another case–control study involving beer drinkers found the lowest adjusted MI
risk in individuals with a weekly beer consumption of between 4 and 9 litres (Bobak et al.
2000). Furthermore, a case–control study which also controlled for the traditional cardiovascular risk factors indicated that drinking pattern may be very relevant to the impact of
alcohol on the risk of MI (McElduff & Dobson, 1997). In the present study, in concordance
with these other studies, men who reported drinking between one and four drinks daily had a
lower risk of MI compared with abstainers, and this effect seemed to be independent of the
number of days per week on which alcohol was consumed. However, alcohol intake did not
protect against MI risk if more than eight drinks were consumed on drinking days, irrespective
of the number of days per week drinking occurred, and the men who drank more than thirteen
drinks at a time had a higher incidence of MI.
The prospective cohort studies also suggest that alcohol, per se, may have a cardio-protective effect. These studies almost unambiguously find a negative association between selfreported overall alcohol intake and prospective incidences of fatal or non-fatal MI (Marmot,
1984; Paunio et al. 1994). This association has a particularly strong impact on total mortality in
older individuals, who constitutionally exhibit a high incidence of cardiac events (Abramson et
al. 2001). In a prospective study an inverse relationship between alcohol consumption and incidence of IHD was found only in individuals with a serum LDL-cholesterol >5•25 mmol/l (Hein
et al. 1996). This observation suggests that alcohol has a true cardio-protective effect which
may depend on the blood lipid-associated risk of the individual. It is possible that the higher
incidence of MI in abstainers may be due to poorer health status of individuals who have given
up drinking due to unfavourable effects of alcohol consumption. However, the negative association seems to persist after exclusion of individuals with diseases that increase the risk of MI
(Rimm et al. 1991).
There are numerous other confounding factors to consider in cohort studies. Some of them,
i.e. smoking, hypertension and intake of saturated fats, may correlate positively with total alcohol intake or intake of specific beverages, while also being positively associated with CHD.
These factors would therefore tend to strengthen a negative relationship between alcohol intake
and CHD, if they are adjusted for. However, they may also disturb comparisons between beverage types. In some countries a preference for wine may be associated with healthier dietary
habits (Tjønneland et al. 1999), and with higher social and educational status. Such confounders have been suggested as an explanation for findings such as those reported in a largescale Danish follow-up study, where wine intake, but not beer or spirits intake, was inversely
related to cardiovascular and all-cause mortality (Grønbæk et al. 1995). Overlooked lifestyle
and social factors must, however, be very closely related to individual beverage preferences if
they are to fully explain such divergence between wine and other beverage types. Confounders
may also explain the odd findings in some cohort studies, such as the study of 7735 randomlyselected British subjects (Wannamethee & Shaper, 1999). In that study regular drinking of wine
(one or more drinks weekly) did not provide any additional protection against CHD events at
16•8-year follow-up compared with occasional drinking (only one to two drinks monthly),
although this was the case for both beer and spirits. Nevertheless, wine drinkers, both regular
and occasional, had a lower CHD risk than individuals who mainly drank beer or spirits. In
conclusion, some observational studies seem to suggest that wine may exert a cardio-protective
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effect which is superior to that of other alcoholic beverages; however, the evidence they provide for such a conclusion can be questionable.

The effect of alcohol consumption on atherosclerosis
Attenuation of atherosclerotic progression may be an important element in the cardio-protective
effect of alcohol. An anti-atherosclerotic effect of alcohol has been demonstrated in coronary
arteries from rabbits exposed to alcoholic beverages added to a diet with a typical Western
macronutrient composition (Klurfeld & Kritchevsky, 1981). In that study red wine appeared to
possess anti-atherosclerotic properties in addition to those of alcohol. A prospective study in
human subjects relating reported alcohol intake to 5-year carotid-artery atherosclerotic progression assessed by ultrasound revealed a clear ‘J’-shaped relationship, as those drinking between
1 and 50 g alcohol/d had a lower risk of atherosclerotic progression compared with abstainers
and those with a higher alcohol intake (Kiechl et al. 1998). This relationship was present in
both genders, and in both wine and beer drinkers. It also remained after the exclusion of smokers and adjustment for other factors relating to atherosclerosis. However, when individuals with
high and low plasma LDL-cholesterol levels were analysed separately only those with high
LDL-cholesterol demonstrated a protective effect of alcohol against early atherosclerotic development. This finding is in line with observations of a lack of protection of alcohol drinking
against IHD in individuals with a low plasma LDL-cholesterol level (Hein et al. 1996).
Although a light to moderate alcohol intake consumed in a regular fashion may counteract
atherogenesis, binge drinking may have the opposite effect. This possibility is indicated by a
positive association between the 4-year increase in carotid arterial intima-media thickness and
the number of drinks per drinking session, after adjustment for total weekly alcohol consumption, found in a Finnish study using ultrasonographic evaluation on 1022 middle-aged men
(Kauhanen et al. 1999).

The effect of alcohol consumption on blood lipids
Plasma triacylglycerol
It is well established that atherosclerotic progression is linked to the blood lipid profile. It can
be predicted that alcohol acutely increases the hepatic release of triacylglycerol as a consequence of the production of redox equivalents by its oxidation. The hypertriacylglycerolaemic
effect of alcohol can be demonstrated when it is administered with a meal. Postprandial plasma
triacylglycerol level was increased by 15 % when 30 g alcohol given as wine was compared
with mineral water (Veenstra et al. 1990b). This effect of alcohol on blood triacylglycerol was
found to be associated with an elevated hepatic VLDL production (Baraona & Lieber, 1979).
However, plasma triacylglycerol was unaffected by the wine when the meal was followed by a
15 h fasting period. This finding is in accordance with some long-term feeding studies which
have failed to find any effect of moderate regular alcohol consumption on fasting plasma
triacylglycerols in normal subjects (Hartung et al. 1983; Couzigou et al. 1984; Crouse &
Grundy, 1984; McConnell et al. 1997). However, recent meta-analysis of thirty-five human
intervention studies with >6 d of alcohol administration revealed that alcohol consumption
increased plasma triacylglycerol (Rimm et al. 1999). (It was not explained in this review
whether only studies assessing fasting blood levels were included.) The hyperlipidaemic effect
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may be more pronounced in obese subjects (Crouse & Grundy, 1984). Some, but not all, crosssectional surveys showed a positive relationship between reported habitual alcohol consumption and fasting plasma triacylglycerol (Gordon et al. 1981; Hulley & Gordon, 1981).

Total HDL-cholesterol
Despite having a moderate hypertriacylglycerolaemic effect, alcohol is associated with a prominent increase in HDL-cholesterol. Based on a meta-analysis of thirty-six data records from
human alcohol intervention studies it has been estimated that a daily alcohol intake of 30 g
results in an 8•3 % increase in plasma HDL-cholesterol as compared with abstinence from alcohol (Fig. 3; Rimm et al. 1999). In that meta-analysis the source of alcohol (beer, wine or spirits)
did not have a significant influence on the results. Furthermore, an effect of the alcohol component in red wine on plasma HDL-cholesterol has been suggested by a 4-week intervention study
with sixty-nine healthy middle-aged subjects recently performed at our department, in which
administration of normal red wine (36 and 24 g alcohol/d in men and women respectively), but
not an extract from red wine, raised plasma HDL-cholesterol concentration by 6 % (AS
Hansen, unpublished results).
Observational data suggest that alcohol increases plasma HDL-cholesterol, and the effect
seems to be unrelated to the type of beverage consumed (Brenn, 1986), but may be stronger in
men than in women (Taylor et al. 1981). Although it has been suggested that variations in alcohol consumption explain  10 % of the total variation in HDL-cholesterol on a population basis
(Gordon et al. 1981), this moderate relationship may be responsible for a substantial part of the
apparent inverse relationship between alcohol intake and the incidence of IHD. Results of a
prospective study of 1768 elderly men (Langer et al. 1992) suggest that the effect of alcohol
in increasing plasma HDL-cholesterol level may explain approximately 50 % of the total
cardio-protective effect of alcohol consumption. HDL-cholesterol was also indicated as an
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Fig. 3. Between-study association between changes in plasma HDL-cholesterol concentrations and
changes in alcohol intake from thirty-six experimental studies. No. of participants: (●), 1–9; (●), 10–19;
(), 20–24; (),  25. (From Rimm et al. 1999; reprinted with permission from the BMJ Publishing Group.)
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important mediator of the CHD-preventive effect of alcohol by a case–control study on 340
survivors of MI (Gaziano et al. 1993). In this study the odds ratio for MI was about 0•50 for
those individuals who consumed more than one drink daily compared with those who consumed less than one drink monthly. However, the odds ratio increased and became non-significant if variations in HDL-cholesterol were accounted for. In contrast, the odds ratio was
virtually unaffected by the inclusion of total cholesterol, LDL-cholesterol or triacylglycerols in
the model.

Subfractions of HDL-cholesterol
There are conflicting results from intervention studies with regard to which subfractions of
HDL-cholesterol are increased by alcohol. Some studies found that only HDL2-cholesterol was
affected by long-term alcohol administration (Burr et al. 1986; Anonymous, 1987; Veenstra et
al. 1990b; McConnell et al. 1997; Rumpler et al. 1999), whereas others reported that only
HDL3-cholesterol (Haskell et al. 1984; Sillanaukee et al. 2000), or both HDL2- and HDL3cholesterol, were increased (Pikaar et al. 1987). Finally, one cross-sectional study found that
reported alcohol intake was positively related to both HDL2- and HDL3-cholesterol, while
another survey found a relationship only with the HDL3 fraction in normal subjects
(Sillanaukee et al. 1993). There is some controversy with regard to which HDL subfraction is
the strongest inverse predictor of CHD. However, a large prospective study concluded that both
fractions seem to be important risk markers (Stamper et al. 1991).

Interactions between alcohol consumption and other lifestyle factors on HDL-cholesterol
Some studies have compared physically-well-trained and untrained individuals with regard to
the effect of alcohol on HDL-cholesterol. In one study alcohol administration increased HDLcholesterol in physically-inactive individuals, but it had no effect in trained subjects who
already had a high HDL-cholesterol value during abstinence (Hartung et al. 1983). However, in
another study a positive effect of alcohol consumption was observed in both inactive subjects
and runners, despite the fact that the runners had a substantially higher baseline HDLcholesterol level (Hartung et al. 1990). Dietary composition may be another factor which plays
a role in determining the response of HDL-cholesterol to alcohol. A 3 % increase in HDLcholesterol was observed after 6 weeks with moderate alcohol consumption in non-obese
normo-lipidaemic women who were fed a high-fat diet, whereas no such effect of alcohol was
observed during low-fat feeding (Rumpler et al. 1999).

Cholesteryl ester transfer protein
The inverse association between plasma HDL-cholesterol levels and CHD has been explained
by HDL-cholesterol being a carrier of cholesterol from the periphery to the liver. Cholesteryl
ester transfer protein (CETP) seems to be an important regulatory factor in the exchange of
cholesterol for triacylglycerol between HDL and VLDL particles, resulting in a depletion of
cholesterol from the HDL particles. That a lowering effect of alcohol on CETP may be responsible for the increase in HDL-cholesterol has been supported by human experiments in which
fasting CETP activity in plasma was found to be lower in alcoholics (Savolainen et al. 1990;
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Hagiage et al. 1992) and in normal subjects after a 2-week period with a daily alcohol intake of
30 g (Hagiage et al. 1992). However, other studies have not found a decreased CETP activity in
subjects with a moderate alcohol consumption (Nishiwaki et al. 1994; Hendriks et al. 1998),
and the high plasma HDL-cholesterol level associated with alcohol consumption may not be
entirely the result of a low CETP activity.

Other possible factors involved in the augmentation of HDL-cholesterol
The formation of HDL-associated apoproteins may be promoted, since plasma concentrations
of apoproteins A-I and A-II in normal subjects have been reported to be increased after 2 weeks
on a daily intake of 30 g alcohol (Hagiage et al. 1992). Furthermore, an enhancing effect of
alcohol on lipoprotein lipase (LPL) activity has been proposed as a mechanism by which alcohol increases HDL-cholesterol (Nishiwaki et al. 1994). Associations between variations in the
LPL gene and plasma levels of triacylglycerol and HDL-cholesterol (Razzaghi et al. 2000)
suggest that LPL activity may be a determinant for blood HDL-cholesterol. This possibility
could be explained if the supply of surface molecules for HDL particles is rate-limiting for their
formation, as VLDL particles may deliver such components after being degraded by LPL.

The beneficial effect of alcohol on reverse cholesterol transport is questioned
Although HDL-cholesterol is increased and CETP activity may be reduced with regular alcohol consumption, this situation does not necessarily ensure greater protection against infiltration of cholesterol into the arterial wall. The efflux capacity of cholesterol from HDL particles
to liver cells, evaluated by measuring the delivery of pre-labelled cholesteryl oleate from HDL
to cultured human hepatoma cells, has been found to be reduced by 83 % in alcoholics without
liver disease compared with non-alcoholics (Rao et al. 2000). This finding could mean that the
high concentration of HDL is counteracted by each HDL particle having a lower capacity to
mediate reverse transport of cholesteryl esters. Furthermore, the decline in CETP activity
with alcohol consumption, which has been observed in the fasting state, may not apply to the
acute effects of alcohol, as an increased net mass transfer of cholesteryl esters from HDL to
VLDL has been reported where wine was served with a meal as compared with mineral water
(Van Tol et al. 1995). This observation may be a result of an increased plasma triacylglycerol
level.
Reverse cholesterol transport may not be the only mechanism by which HDL prevents
atherosclerotic plaque formation. HDL particles may contain enzymes that could inhibit LDL
oxidation (Berliner et al. 1995). Furthermore, as explained earlier, a high plasma HDL level
may reflect increased LPL activity. Low LPL activity may be associated with high formation of
small atherogenic LDL particles (Hokanson et al. 1999). Also the plasma level of total LDLcholesterol is not consistently reduced by alcohol (Savolainen & Kesäniemi, 1995).

The role of alcohol consumption in CHD relating to lipid metabolism depends on
genetic factors
The interplay between alcohol consumption, HDL-cholesterol, CETP function and CHD may
be strongly influenced by genetic factors. In one study a polymorphism in the CETP gene was
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found to be associated with plasma HDL-cholesterol level, but only in individuals drinking
more than 25 g alcohol/d (Fumeron et al. 1995). When the protective effect of alcohol against
MI was tested, it was found that this effect was more pronounced in the genotype associated
with the highest HDL-cholesterol levels. Somewhat in contrast to these results, a more recent
study on another polymorphism in the CETP gene showed that the intima-media thickness of
the carotid artery paradoxically was greatest in the genotype associated with the lowest CETP
activity and highest HDL-cholesterol level; however, only in individuals with a high alcohol
consumption (Kakko et al. 2000). These studies imply that there could be an interaction
between the influence of alcohol in the development of atherosclerosis and genetic variations in
CETP. An intetraction has also been shown between the effect of alcohol on HDL-cholesterol
and CHD and polymorphisms in other genes.
One of the isoenzymes of alcohol dehydrogenase (ADH3) has a polymorphism which
influences the rate of alcohol oxidation. The increase in HDL associated with moderate drinking was found to be most pronounced in those individuals who were homozygous for the allele
related to the lowest alcohol degradation rate, and in these men it was also found that alcohol
had the greatest protective effect against the development of MI (Hines et al. 2001). The latter
effect could not be explained entirely by the effect on HDL-cholesterol, which suggests that
other factors may contribute to the cardio-protective effect of alcohol. Findings that genetic factors affecting alcohol metabolism also influence the relationship between alcohol consumption
and CHD are important, because they point to a true impact of alcohol, since such relationships
are not likely to be confounded by social and lifestyle factors. In conclusion, the data compiled
indicate very convincingly that alcohol, per se, has an overall impact on blood lipids which
may protect against cardiovascular disease. However, the relative atherogenic potential of the
different cholesterol-carrying lipid fractions is still under debate, as other fractions in addition
to LDL- and HDL-cholesterol may be independent predictors for the development of CHD
(Grundy, 2001). Further general understanding of cholesterol exchange in relation to vascular
infiltration, seems to be necessary therefore, in order to elucidate satisfactorily how alcohol
may convey a beneficial effect on blood lipids.

Effect of alcoholic beverage consumption on blood platelet aggregation
In vivo studies
Acute studies with moderate doses of alcohol have reported reduced platelet aggregation in
whole blood or platelet-rich plasma after different stimuli (Mikhailidis et al. 1987; Numminen
et al. 2000a; Zhang et al. 2000). However, the efficacy of alcohol in inhibiting platelet aggregation seems to be sensitive to the stimulating agent used and to the fatty acid composition of
the platelet plasma membrane (Fenn & Littleton, 1982). Thus, aggregation after treatment with
collagen and thrombin was reduced more by ethanol if the platelets were enriched with saturated fatty acids (Numminen et al. 2000a). This finding agrees with the observation from a
cross-sectional study in which individuals with a high habitual intake of saturated fat exhibited
a closer negative relationship between reported alcohol intake and platelet aggregation
responses to different stimulating agents than subjects with a low habitual intake (Renaud et
al. 1992).
Observational studies (Meade et al. 1985; Serebruany et al. 2000) and long-term intervention studies (Pikaar et al. 1987; Bierenbaum et al. 1994) support the existence of a negative
effect of moderate alcohol consumption on platelet aggregation. However, when given in large
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amounts (1•5 g/kg) alcohol may promote platelet aggregation, since an increased urinary excretion of thromboxane B2 has been observed (Numminen et al. 2000b). This paradoxical effect
might be a result of secondary effects such as a high generation of reactive oxygen species.
A marked rebound in platelet aggregatibility, which is associated with alcohol withdrawal
in alcoholics (Hillbom et al. 1985), may constitute an increased risk for sudden cardiac death.
This phenomenon is apparently abolished if the alcohol is consumed as red wine, and may be a
result of the phenolic compounds in the wine (Ruf et al. 1995).

The effect of alcohol itself
Incubation studies support a platelet-suppressing effect of alcohol. When isolated platelets
exposed to collagen are incubated with physiological concentrations of ethanol the formation of
thromboxane B2 is attenuated in a dose-dependent fashion (Rubin, 1989). A reduction in the
release of arachidonic acid, the substrate for thromboxane, is observed. This reduction may be
due to inhibition of phospholipase A2 by ethanol (Stubbs & Rubin, 1992), which could reduce
the release of arachidonic acid from phopholipids. That ethanol has been observed to inhibit the
secondary thromboxane-dependent aggregation phase, but not the primary phase, suggests that
an attenuated thromboxane formation is involved (Rand et al. 1988).

Non-alcohol factors
Reactive oxygen species act as autocrine agents for blood platelets to stimulate their phospholipase activity and thromboxane production (Leo et al. 1997). Antioxidants such as phenolic substances in beverages may therefore act in concert with alcohol to inhibit platelet aggregation.
Antioxidants such as phenolic compounds in the alcoholic beverages could therefore have contributed to the inhibitory effect on platelet activity found in alcohol-consumption studies. Nonalcohol factors may in particular explain findings from observational studies in which platelet
aggregation was in most cases assessed in fasting blood drawn >12 h after the last drink, where it
is more likely that the effects of substances with a longer half-life than ethanol were being tested.
The presence of other substances in red wine with an anti-aggregative effect has been suggested
by a study in which both red wine and grape juice at low concentrations were demonstrated to
abolish a flow reduction induced by platelet aggregation. This effect was demonstrated by the
application of the so-called Folts model, in which stenosis of a coronary artery is introduced
mechanically to produce cyclic flow reduction (Demrow et al. 1995). White wine was found to be
less effective. Trans-resveratrol and quercetin may be the active polyphenols in red wine and
grape juice, as they have been demonstrated to inhibit both ADP- and thrombin-induced platelet
aggregation when added to platelet-rich plasma. By contrast, ethanol was only able to inhibit
thrombin-induced platelet aggregation in this preparation (Pace-Asciak et al. 1995). The effect of
trans-resveratrol was associated with a reduction in thromboxane B2 formation. In contrast to
white wine, red wine is rich in resveratrol, as this polyphenol is present in high concentrations in
grape skin. After 4 weeks of administration of resveratrol-enriched grape juice inhibition of
thrombin-induced platelet aggregation was observed, which indicates that at least part of the antihaemostatic effects of polyphenols is not conditioned by concurrent intake of alcohol (PaceAsciak et al. 1996). However, de-alcoholised red wine, in contrast to untreated red wine or pure
alcohol in fruit juice (30 g/d), was not found to reduce collagen-induced platelet aggregation in
blood from fasting subjects following a 4-week supplementation period (Pellegrini et al. 1996).
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Effects of alcohol consumption on coagulation and fibrinolysis
Alcohol may also affect the tendency to thrombus formation by interfering with enzymes and
other proteins involved in thrombogenesis and fibrinolysis.

Plasminogen activation
Plasminogen activator inhibitor-1 (PAI-1) inhibits tissue-type plasminogen activator (t-PA),
which converts plasminogen to the fibrinolytic enzyme plasmin. By this mechanism PAI-1 is
the major controlling factor for fibrinolytic activity. Fibrinolysis is not only important in acute
thrombolytic function, but also occurs in the atherosclerotic plaque, and may therefore retard
the progression of atherosclerosis, as fibrin constitutes a crucial part of the plaque structure.
A recent prospective case–control study which compared patients who subsequently
experienced their first MI with a matched reference group suggests that a high PAI-1 level may
be associated with a high risk of CHD (Thögersen et al. 1998). Ethanol concentrations as low
as 0•2 % (v/v) have been demonstrated to increase the secretion of t-PA from cultured endothelial cells (Laug, 1983). Nevertheless, when 40 g alcohol was given with the evening meal the
activity of t-PA was found to be reduced acutely, despite the increase in its blood concentration
(Hendriks et al. 1994). This response was a result of a substantially increased PAI-1 activity,
and was observed irrespective of the alcohol source (beer, wine or spirits). However, on the following morning t-PA concentration remained elevated whereas PAI-1 had returned to the basal
level; these responses after alcohol resulted in higher plasminogen activity at that time
(Hendriks et al. 1994). It was hypothesised that such a situation constitutes an overall protective effect against cardiac attacks, as these attacks are most likely to occur in the morning. In
another study with a similar design increased PAI activity, accompanied by reduced t-PA activity in the postprandial phase, was also found after 30 g alcohol, but in that study no overshoot
in t-PA activity was detected the next morning (Veenstra et al. 1990a). Apparently doses as low
as 20 g do not interfere with PAI-1 and t-PA activity (van de Wiel et al. 2001). Larger doses of
alcohol (>40 g) seem to exert a marked inhibiting effect on the fibrinolytic system. In this case,
the increase in PAI-1 has been found to be very pronounced and to persist the following morning (Fig. 4; Numminen et al. 2000b; van de Wiel et al. 2001). With 80 g alcohol clot lysis time
was increased by 151 and 73 % 5 h after alcohol consumption and the next morning respectively (van de Wiel et al. 2001).
The chronic effect of regular alcohol consumption on overnight fasting fibrinolytic variables has been tested in several studies. No effects on 12 h fasting blood levels were found for
t-PA and PAI-1 antigens or activities with a daily alcohol intake of 13•5 g (beer compared with
abstention) after a 6-week intervention period (McConnell et al. 1997). Accordingly, no change
in t-PA antigen was found in fasting blood after 4 weeks on a daily intake of 30 g alcohol from
red wine or dissolved in fruit juice (Pellegrini et al. 1996). These findings agree with a metaanalysis of studies involving alcohol intervention, which shows no significant effect on t-PA
antigen of alcohol consumption normalised to 30 g/d (Rimm et al. 1999). However, in one 4week intervention study a greater increase in PAI-1 than t-PA was found with alcohol consumption, indicating a decline in total t-PA activity (Dimmitt et al. 1998). In cross-sectional studies a
positive association between reported alcohol consumption and t-PA concentration has been
observed, which persisted after adjustment for some relevant confounders such as overall atherosclerotic progression, blood pressure, plasma triacylglycerol level and BMI (Ridker et al.
1994; Lee et al. 1995). However, PAI-1 and t-PA activity were not measured in these studies.
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Fig. 4. Effect of acute ingestion of large doses of ethanol (1•5 g/kg body weight in fruit juice) on
plasminogen activator inhibitor (PAI-1) activity throughout the day and night. Values are means with their
standard errors represented by vertical bars. Mean values were significantly different from the respective
baseline values (n 12) : *P<0•05. (From Numminen et al. 2000b; reprinted with permission from Lippincott
Williams & Wilkins.)

Additional effects on haemostasis
Alcohol may also interfere with the function of other proteins involved in the haemostatic
mechanism. A recent meta-analysis based on twenty-two different investigations, including
eight prospective studies on healthy men, has established fibrinogen level as an independent
predictor of CHD (Maresca et al. 1999). Alcohol in moderate amounts has been demonstrated
to diminish fibrinogen production from isolated hepatoma cells by impairment of gene transcription, and to reduce plasma fibrinogen concentration when fed to rats (van Golde et al.
1999). Some human intervention studies have demonstrated a decline in plasma fibrinogen with
alcohol consumption, and part of the cardio-protective effect of alcohol may therefore be
explained by this mechanism. In one study 4 weeks of consumption of red wine or alcohol in
fruit juice (30 g/d) was found to lower plasma fibrinogen concentration; an effect not found
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with de-alcoholised wine (Pellegrini et al. 1996). In contrast, in another study there was no
change in fibrinogen level after a 30 d period on a daily intake of 20 g alcohol as beer
(Gorinstein et al. 1997b). These results are in agreement with cross-sectional data showing
lower fibrinogen levels in individuals drinking <60 g alcohol as wine or spirits than in abstainers, whereas beer drinking did not have this effect (Mennen et al. 1999). The authors suggested
that other substances in beer had a counteracting effect. However, that alcohol in beer can suppress plasma fibrinogen level was indicated by an increase in fibrinogen when regular beer
drinkers had their ordinary beer substituted by de-alcoholised beer for a 4-week period
(Dimmitt et al. 1998).
The impact of alcohol on coagulation factors was investigated in a cross-sectional study
which found a negative relationship between reported alcohol intake and factor VII (Lee et al.
1995). Both reduced (Gorinstein et al. 1997b) and increased (Dimmitt et al. 1998) levels have
been found in experimental studies.
Based on these studies it is difficult to reach a conclusion as to whether the net effect of
alcohol on coagulation and fibrinolysis is cardio-protective. The ‘U’-shaped relationship
between alcohol intake and plasma fibrinogen level (Mennen et al. 1999), together with the
enhancing effect of high doses of alcohol on PAI-1 activity, may explain the apparent increased
risk of cardiac events in individuals with a gorging pattern of alcohol consumption (McElduff
& Dobson, 1997). An area which has received little attention is the possible effects that other
substances in the alcoholic beverages may exert on coagulation. Red wine may affect coagulation via its polyphenols, such as resveratrol which has been found to inhibit the response of tissue factor transcription to different stimulating agents when given as a pre-incubate to isolated
endothelial cells (Pendurthi et al. 1999). Release of tissue factor is the first step in one of the
pathways leading to activation of the coagulation cascade.

The pro- and antioxidant effects of alcohol and alcoholic beverages
Oxidative stress exerted by reactive oxygen species may be critical for the development of
CHD, and this process may be mediated through several mechanisms. Both prospective and
case–control studies have shown negative associations between antioxidant intake, particularly
-tocopherol, and CHD (Diaz et al. 1997; Hooper et al. 2001), which indicates that reduced
oxidative stress may be protective against cardiac events. Vitamin deficiency associated with
excessive drinking could therefore be detrimental for the heart. However, moderate intake of
alcoholic beverages with a high content of antioxidant vitamins may improve their status in the
body. For example, a regular beer intake has been found to increase blood -tocopherol concentration after 30 d (Gorinstein et al. 1997a).

The antioxidant role of phytochemicals and their interactions with alcohol
In addition to antioxidant vitamins, different phytochemicals may also provide protection
against oxidative stress. In in vitro studies some of these compounds have been found to be
more efficient than tocopherol in protecting LDL against oxidation (Vinson et al. 1999). In a
cross-cultural correlation study an inverse association was found between flavonoid intake and
the 25-year follow-up age-adjusted incidence of CHD mortality. Flavonoid intake could explain
8 % of the variation in CHD in a model where dietary saturated fat and percentage of smokers
explained 73 and 9 % of the variation respectively (Hertog et al. 1995). In another study a risk
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ratio of 0•32 for 5-year incidences of MI was found when elderly individuals within the higher
and lower tertiles of flavonoid intake were compared (Hertog et al. 1993). In this study confounders such as age, BMI, smoking, physical activity, coffee consumption and intakes of
ascorbic acid, vitamin E, -carotene and dietary fibres were accounted for. To our knowledge
no long-term randomised intervention studies have been conducted to address a possible
cardio-protective effect of isolated antioxidant phytochemicals.
Alcohol and antioxidants in alcoholic beverages may modulate the oxidative stress exerted
on blood and endothelium. The effect of alcohol itself on oxidative stress may be double-edged.
Alcohol can generate reactive oxygen species, particularly in the liver, but also in other organs
(Trevithick et al. 1999), and the increased serum concentration of Mn-superoxide dismutase in
alcoholics may reflect the fact that they are exposed to a greater oxidative stress (Thome et al.
1997). However, at the same time alcohol may act as a superoxide and peroxide scavenger
(Mantle & Preedy, 1999). Moreover, when alcohol acts in concert with the other substances
present in vastly varying concentrations even within the same drink category, the net effect on
oxidative stress may be difficult to predict. Furthermore, bioavailibility and metabolic modification of the antioxidants are important factors that may determine their biological impact.
Finally, pro-oxidant and antioxidant activities appear, to some extent, to be specifically related
to the different cardio-protective mechanisms. Hence, in relation to the protection of LDL particles
from oxidation, the lipophilic characteristics of the antioxidants, and hence their ability to bind
to the lipoproteins, may be crucial.
The research into antioxidant effects of particular substances in alcoholic beverages has
been focused on red wine, because it is rich in a variety of phenolic compounds with antioxidant capacities (Ghiselli et al. 1998). However, beer contains highly-absorptive monophenols
such as ferulic acid (Bourne et al. 2000), and prenylated flavanones and chalones with potent
protecting effects against Cu2+-catalysed oxidation of isolated LDL (Miranda et al. 2000).
Interestingly, lager beer has been reported from in vitro studies to be a stronger inhibitor of
LDL + VLDL oxidation than de-alcoholised Bordeaux red wine (Vinson et al. 1999). However,
if the beverages were mixed with human plasma before the isolation and testing of the lipoprotein particles, the beer provided much less antioxidative protection than the red wine. This finding suggests the importance of testing the oxidant effects of different phytochemicals in an ex
vivo system.
The acute effect of red wine on serum antioxidant capacity has been assessed by luminescensce measurements after reactive oxygen species had been generated in serum by adding
horseradish (Armoracia rusticana) peroxidase and sodium perborate. An increase in serum
antioxidant capacity was seen after the ingestion of 300 ml red wine, which was comparable
with the increase after intake of 1000 mg ascorbic acid (Whitehead et al. 1995). White wine
was observed to have a lesser effect on serum antioxidant capacity. Increased serum antioxidant
capacity after red wine intake has been confirmed by other methods (Cao et al. 1998), and also
with de-alcoholised red wine (Serafini et al. 1998). The presence of alcohol in beverages may
improve the bioavailability of phenolic compounds, as ethanol may act as a carrier for the
absorption of such substances, which are poorly water soluble. This factor may explain why
normal beer but not de-alcoholised beer was found to increase plasma concentrations of some
phenolic acids (Ghiselli et al. 2000). Accordingly, plasma antioxidant capacity was increased
1 h after the ingestion of normal beer, whereas the response to de-alcoholised beer was attenuated and non-significant.
Acute studies on plasma retrieved after single doses of different beverages, or tests where
the antioxidant capacity of the beverage was tested directly, may not reflect the responses to
long-term regular intake. When tested directly red wine was found to have more than twice the
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antioxidant capacity of beer for a given quantity of alcohol, whereas no antioxidant properties
could be detected in spirits (van der Gaag et al. 2000b). However, when plasma antioxidant
capacity was tested by the same method after 3 weeks on a daily intake of 40 g alcohol as wine,
beer or spirits, no differences were seen between the beverages. Furthermore, there was no difference in the antioxidant capacity of any of the beverages after the test period when compared
with mineral water. In accordance with this finding, 6 weeks of dietary supplementation with
pure alcohol or beer was found to have no effect on lipid peroxidation in rats (Gasbarrini et al.
1998). These observations may be explained by the fact that the total effect on blood antioxidant capacity is due not only to the antioxidants in the beverages, per se, but also to more
chronic alterations in other substances which may influence the general antioxidant environment in the plasma. Thus, alcohol may have some secondary negative effects on antioxidants in
the blood, e.g. plasma ascorbic acid concentration may decline as a result of moderate regular
alcohol consumption (van der Gaag et al. 2000b).

The endothelial function
One important mechanism by which reactive oxygen species may promote cardiovascular diseases is impairment of endothelial function by interference with the generation of NO. Alcohol
and substances in alcoholic beverages may influence the NO systems by their pro-oxidant and
antioxidant properties. However, more specific mechanisms may also be involved.
Oxidative stress may cause superoxide radicals to react with NO to form peroxynitrite
(ONOO) and therefore impair NO-related endothelial functions such as vasodilation, inhibition of platelet aggregation and down-regulation of the apoptosis of the endothelial cells themselves. Furthermore, ONOO is cytotoxic, and under some conditions it may enhance platelet
aggregation (Moro et al. 1994). Antioxidants may prevent this process. Thus, the degradation
of NO produced by endothelial cells can be inhibited by superoxide dismutase, which is a
superoxide scavenger (Gryglewski et al. 1986). S-allyl cysteine, a strong antioxidant present
in garlic (Allium sativum), has been demonstrated to increase cyclic guanosine 5-monophosphate production in cultured endothelial cells, indicating a greater bioavailability of NO (Kim
et al. 2001). Phenolic substances in red wine may have similar NO-conserving effects, as red
wine and extracts from grape skin have been reported to elicit dilation in rat aorta preparations, an effect which could be abolished by competitive inhibition of NO synthesis
(Fitzpatrick et al. 1993). These results have been replicated more recently in coronary artery
preparations obtained from myopathic hearts from patients undergoing heart transplantation
(Flesch et al. 1998). Interestingly, the latter study tested several different brands of wine and
found that only red wines fermented with the grape stems induced vasodilation. It was hypothesized that the tannic acid, which was present in high concentrations in these brands, was the
most important vasoactive substance. This finding was subsequently supported by the demonstration that tannic acid by itself could also trigger endothelial-dependent vasodilation.
However, it was not directly demonstrated in these studies that the vasodilating effect of the
wine substances was due to superoxide scavenging. It is questionable as to what extent these
in vitro studies can be extrapolated to in vivo conditions, especially because the bioavailability
of the different phenolic substances is uncertain. However, in one recent investigation flowmediated vasodilation, as a measure of endothelial function, was greater after 30 d on a daily
intake of 240 ml red wine (Cuevas et al. 2000). Furthermore, this effect was most pronounced
in subjects who consumed a high-fat diet, which resulted in a lower basal arterial responsiveness (Fig. 5). In addition to these effects of the phytochemicals, alcohol may promote endotheDownloaded from https://www.cambridge.org/core. IP address: 3.231.167.166, on 22 Sep 2020 at 09:24:22, subject to the Cambridge Core terms of use, available
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Fig. 5. Effect of 30 d of wine supplementation on individual flow-mediated vasodilation in the brachial
artery (expressed as percentage change in arterial diameter relative to the diameter before circulatory
arrest) in subjects consuming either a high-fat (A) or control (B) diet. (From Cuevas et al. 2000; reprinted
with permission from AOCS Press.)

lial NO production, as it has been reported to promote NO synthase (NOS; eNOS isoform)
mRNA and protein expression, and to stimulate NO production by a specific, but not yet clarified, mechanism when added in physiological concentrations in endothelial cells (Venkov et
al. 1999).
It is also possible that substances in alcoholic beverages may have the capacity to affect the
endothelial mechanisms by an impact on the metabolism of the amino acid methionine.
Homocysteine, which is generated by demethylation of methionine in the liver, is able to impair
endothelial function if it is present in elevated concentrations in the plasma. In vivo endothelial
function has been demonstrated to respond to a raised plasma concentration of L-arginine in
terms of a reduction in blood pressure and platelet aggregation (Nappo et al. 1999), which
could be explained by enhanced NO production. These effects were found to be abolished,
however, after methionine-induced hyperhomocysteinaemia, but could be re-established by
antioxidant vitamins (ascorbic acid + vitamin E). In the same study methionine loading was
also demonstrated to shift haemostatic variables towards coagulation. This effect could also be
attenuated by antioxidant vitamins.
There are data that suggest that more moderately elevated homocysteine levels are also
associated with an impaired endothelial function independently of BMI, blood pressure and
plasma folate, vitamin B12 and cholesterol levels in individuals without any symptoms or history of cardiovascular disease (Woo et al. 1997). However, the importance of variations in
plasma homocysteine within the normal range as a risk factor for the development of CHD in
healthy individuals is debatable because elevated plasma levels of homocysteine could be a
marker of a generally unhealthy lifestyle (Cleophas et al. 2000), or they may be a consequence
of vascular damage, which may impair renal function (Brattstöm & Wilcken, 2000).
At present there is some, although not very robust, evidence that a high intake of folic acid
and vitamin B6 might have some cardio-protective effects through reduced homocysteine formation (Rimm et al. 1998; Vermeulen et al. 2000). Alcohol, per se, and also the vitamin B6 and
folate contents of the beverages, may affect plasma homocysteine level. Moderate intake of red
wine and spirits (40 g alcohol/d) has been reported to increase plasma homocysteine level after
3 weeks in healthy men fed a controlled diet (van der Gaag et al. 2000a), an effect which may
be due to alcohol itself. However, if the same amount of alcohol was provided as beer no such
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effect was observed. This difference could be attributable to a concurrent rise in blood vitamin
B6 concentration, which was greater after beer than after wine and spirits. The marked effect of
beer on plasma vitamin B6 level can be explained by the high vitamin B6 content of beer in
contrast to wine and spirits. A modest relative hypohomocysteinaemic effect of beer (9 %) compared with wine and spirits may be minor compared with the other cardiac effects of alcoholic
beverage drinking. However, in the case of excessive alcohol consumption, beer drinking may
protect against the vitamin B deficiency frequently found in alcoholics and therefore also
against hyperhomocysteinaemia. Thus, in a mainly beer-drinking society, serum levels of folate
were found to be higher and those of homocysteine to be lower in individuals who had a daily
intake of more than 28 g alcohol/d compared with those who drank less than 4 g alcohol/d
(Mayer et al. 2001).

Macrophage activity
The cardio-protective role of antioxidant intake may also involve NO effector systems other
than that related to endothelial NO production. In contrast to the paracrine effects of small
amounts of NO produced in the endothelium by the eNOS isoform, macrophages produce
large quantities of NO by inducible NOS (iNOS isoform), which acts cytotoxically to destroy
pathogens as part of the inflammatory process. Endothelial damage caused by high concentrations of NO produced by macrophages is probably an important element in the atherosclerotic process. Oxidant stress may contribute to this destructive process by promoting
macrophage production of NO. The hydroxyl radical has been demonstrated to activate
nuclear factor B, which is a transcription factor for the iNOS gene (Chen et al. 1998).
Antioxidants may therefore counteract plaque formation by attenuating inflammatory attacks
on the arterial wall. The role of antioxidants in alcoholic beverages on the iNOS system in
vivo is not well elucidated. However, resveratrol and quercetin have been demonstrated to
inhibit NO production from cultured macrophages stimulated by -interferon or lipopolysaccharide, an effect associated with a reduction in the expression of the iNOS gene (Chan et al.
2000). The latter effect was potentiated by the addition of ethanol. However, ethanol concentrations of >0·5 % (v/v) were required to achieve an appreciable synergistic effect. In addition to the impact on macrophage NO production, these polyphenols were found to act as NO
scavengers.
Another important anti-atherosclerotic function of antioxidants is that of counteracting
LDL oxidation, which has been proposed to play a crucial role in plaque formation. Oxidised
LDL stimulates the endothelium to produce different factors which attract and bind monocytes
and promote their migration into the subendothelial space (Berliner et al. 1995). Here they are
converted into macrophages with a great capacity to infiltrate cholesterol into the arterial wall,
where it constitutes an important part of the plaque. Furthermore, oxidised LDL particles are
highly susceptible to being taken up by these macrophages, as they are recognised by the scavenger receptor which, in contrast to the LDL receptor, is not down regulated by negative feedback mechanisms (Parthasarathy et al. 1992). Moreover, some of their modified phospholipids
may act as a mitogenic factor for smooth muscle cells, and thereby promote the formation of
the plaque (Heery et al. 1995). Finally, it has been suggested that antibodies directed against
oxidised LDL may cross-react with similar oxidatively-modified membrane structures in thrombocytes, and thereby affect their thrombogenic activity (Witztum & Hörkkö, 1997). As LDL is
oxidised by reaction with free radicals, antioxidants that scavenge free radicals inhibit LDL oxidation, and may therefore protect against vascular damage.
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Alcohol feeding to rodents has been reported to both increase (Xia et al. 1998) and
decrease (Mantle & Preedy, 1999) the susceptibility of isolated plasma LDL particles to
become oxidised. Moreover, an inhibiting effect of red-wine polyphenols has been documented
directly in a system where isolated human LDL particles were oxidised by Cu2+ (Frankel et al.
1993). In one human experiment, a daily intake of 375 ml of red wine for 2 weeks led to greater
propensity for the LDL to become oxidised, despite the fact that the LDL became more resistant to oxidation when directly incubated in red wine (van Golde et al. 1999). The latter finding
suggests that, in relation to LDL oxidation, the pro-oxidant effects of the alcohol in wine may
have overshadowed the antioxidant effects of its other constituents under in vivo conditions.
The poor in vivo effect of the antioxidant substances in wine relative to the effect observed in
vitro was suggested to be due to low bioavailability. However, in another 2-week wine consumption study (Fuhrman et al. 1995) red wine was, in fact, found to decrease the susceptibility
of LDL to be oxidised. This discordance may be explained by differences in available polyphenols in the different red wines used. The pro-oxidant effect of alcohol was also demonstrated in the latter study, as plasma lipids and LDL were found to be less resistant to oxidation
after white wine consumption for 2 weeks (Fig. 6).
A third factor which may contribute to the net effect on lipid oxidation of drinking an alcoholic beverage is uric acid, which has been demonstrated to protect against LDL oxidation in in
vitro assays (Schlotte et al. 1998). Beer appears to be more potent than wine or spirits in this
respect, possibly due to the higher purine content of beer (van der Gaag et al. 2000b).
In general, much of the evidence for beneficial antioxidant effects of substances in alcoholic beverages arises from in vitro experiments, and some of these effects appear to be difficult
to demonstrate consistently in vivo in long-term intervention studies. However, this factor does
not rule out the possibility that they may constitute an important part of the cardio-protective
impact of alcohol drinking. Future long-term animal feeding studies which include a more
direct in vivo testing of the endothelial function may provide a differential picture of the variety
of antioxidant mechanisms.

Effects of alcohol consumption on other regulatory systems
Alcohol and its metabolites may interfere with several additional regulatory systems that may
have consequences for the risk of developing coronary artery disease.

Glucose metabolism
Variation in glycaemic control (haemoglobin Atc, a glycated haemoglobin) has recently been
found to predict subsequent development of IHD even in non-diabetic individuals (Khaw et al.
2001). This finding indicates that, even in the normal range, insulin sensitivity may be important in the development of CHD. Insulin sensitivity is associated with blood pressure (Abbasi
et al. 1999), blood lipid profile (Cigolini et al. 1995) and PAI-1 (Abbasi et al. 1999), all of
which appear to be independent risk factors for CHD. Furthermore, insulin resistance may
progress into overt diabetes (non-insulin-dependent diabetes mellitus; NIDDM), a disease
which is associated with high cardiovascular morbidity and mortality. The acute effect of alcohol on insulin sensitivity may differ from a possible chronic effect of habitual moderate alcohol drinking. In most studies ethanol has been found to impair glucose uptake acutely during
an intravenous glucose tolerance test (Avogaro et al. 1987; Shah, 1988; Shelmet et al. 1988).
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Fig. 6. The effect of 1 and 2 weeks red or white wine consumption on plasma lipid peroxidation after
incubation with 2,2-azobis,2-amidinopropane hydrochloride. MDA, malondialdehyde. Values are means with
their standard errors represented by vertical bars for eight and nine samples for red and white wine
respectively. *P 0·05 v. time 0. (From Fuhrman et al. 1995; reprinted with permission from the American
Society of Clinical Nutrition.)

This effect may be attributable to the hepatic production of acetate, which is oxidised very
rapidly (Skutches et al. 1979) and therefore competes with other oxidative substrates in the
peripheral tissue. In contrast, several cross-sectional studies have shown decreased fasting
insulin levels and improved insulin sensitivity during a glucose challenge in individuals who
reported a moderate alcohol intake (Kiechl et al. 1996; Lazarus et al. 1997; Razay & Heaton,
1997; Flanagan et al. 2000). In one of these studies (Razay & Heaton, 1997), however, a
curvilinear relationship between fasting insulin concentration and alcohol consumption was
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found, as individuals who drank >40 g alcohol/d had an increased insulin level compared with
moderate consumers. A recent survey also found a similar association (Bell et al. 2000). In
this study, however, alcohol consumption was also curvilinearly related to BMI and waist circumference, and the effect of alcohol intake vanished after adjustment for these factors. In
addition to the cross-sectional surveys, most large-scale prospective studies indicate that moderate alcohol consumption has a protective effect on the development of NIDDM (Ajani et al.
2000), but one British study (Perry et al. 1995) found a curvilinear trend between alcohol
intake and the 13-year follow-up incidence of NIDDM. Experimental data on the long-term
impact of alcohol on insulin sensitivity are sparse and do not support the epidemiological findings, as 6 or 10 weeks of moderate wine consumption has been reported to have no effect on
fasting insulin levels or sensitivity (Cordain et al. 1997, 2000). The physiological mechanism
behind the possible improvement in insulin sensitivity associated with regular moderate alcohol consumption is not obvious, and further experiments with longer intervention periods and
a controlled diet should be conducted in order to establish whether the epidemiological observations reflect a true effect of alcohol, or whether they are a result of an unrecognised confounding effect of dietary (e.g. intake of fatty fish) or other lifestyle factors which may
correlate with wine intake (Hagstrup Christensen et al. 2001).

Body fat distribution
The association between abdominal obesity and mortality is well established (Kahn &
Williamson, 1994), and central fat distribution is a strong predictor of death due to CHD
(Casassus et al. 1992). However, the extent of visceral fat accumulation may also be of
importance for the development of atherosclerosis and CHD in normal-weight subjects
(Nakamura et al. 1994; Yamamoto et al. 1997). There is no good evidence from epidemiological or experimental studies that alcohol consumption promotes the development of obesity
(Suter et al. 1997), but cross-sectional studies are more consistent in indicating that alcohol
intake, even at moderate levels, is associated with abdominal fat distribution (Slattery et al.
1992; Armellini et al. 1993; Cigolini et al. 1996). Abdominal fat distribution in different
pathological states is frequently explained by high activity of the hypothalamic–
pituitary–adrenal axis. Alcoholism has been associated with an increased release of glucocorticoids (Stokes, 1973). There has been speculation therefore, as to whether such a mechanism
may also be involved in individuals drinking moderate levels of alcohol. However, plasma
cortisol level does not seem to be influenced by moderate drinking (Prinz et al. 1980; Ida et
al. 1992; Handa et al. 1994). Nevertheless, central neuroendocrine mechanisms may be
involved, as the androgen level has been found to be positively related to alcohol consumption in non-alcoholic women (Cigolini et al. 1996). Furthermore, in these mostly non-obese
women alcohol intake was also correlated positively to waist:hip circumference ratio
adjusted for BMI, smoking and visceral abdominal fat area. Although alcohol consumption
may promote upper body fat accumulation, the pathophysiology relating body fat distribution
to CHD risk factors such as hypertension and hyperinsulinaemia has not been sufficiently
elucidated to allow the conclusion that social alcohol drinking may exert a detrimental effect
in lean individuals by its possible influence on fat deposition. Nevertheless, if alcohol consumption, in the case of obesity, promotes excessive intra-abdominal fat deposition, it could
contribute to the development of diabetes and CHD. However, obesity-promoting factors
such as social poverty probably act in concert with alcohol drinking to establish the ‘beer
belly’.
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Blood pressure
Hypertension is a very strong predictor of CHD and, based on large-scale epidemiological studies, it has been calculated that a general population-based reduction in diastolic blood pressure
by as little as 2 mmHg can be anticipated to reduce the incidence of CHD by 6 % in a Western
population (Cook et al. 1995). Based on this factor, studies such as that performed by Aguilera
et al. (1999) on alcoholics, which demonstrated a 6•6 mmHg reduction in 24 h ambulatory
diastolic blood pressure after 1 month of abstinence, may give cause for some concern. In
another study a decline in 24 h ambulatory systolic blood pressure of between 2•2 and
3•1 mmHg (but not in diastolic blood pressure) was found in men with a customary moderate to
heavy alcohol consumption (30–71 ml/d) after 4 weeks during which their intake was reduced
by approximately 80 % (Rakic et al. 1998). Studies of shorter duration (4 d), but also with a
high level of alcohol manipulation (1 g/kg body weight per d), did not show a hypertensive
effect of alcohol on an average 24 h basis, but suggested that a greater variation in blood pressure may be related to alcohol consumption (Howes et al. 1990; Maiorano et al. 1995;
O’Callaghan et al. 1995). Furthermore, the impact of alcohol on blood pressure may be biphasic, as a depressor effect caused by flushing during intoxification may be followed by a lower
depressor effect (Abe et al. 1994) which may, however, be more sustained. The flushing effect
may be most obviously marked in Mongolians due to their slower metabolism of acetaldehyde.
Observational studies confirm the experimental findings that heavy drinking may have a
hypertensive effect (Arkwright et al. 1982; Cooke et al. 1983; Gillman et al. 1995), but these
investigations have produced conflicting results with regard to the effect of light or moderate
alcohol consumption on blood pressure. Some of these studies suggest a positive linear relationship with the level of alcohol intake, starting from zero consumption, after accounting for
smoking and other confounders (Arkwright et al. 1982; Cooke et al. 1983). A large-scale
prospective study found that women drinking 20–34 g alcohol/d had a relative risk of 1•4 compared with non-drinkers for having developed hypertension at 4-year follow-up, independent of
smoking and dietary variables (Witteman et al. 1990). In contrast, in a smaller study on 352
male employees at an automobile factory who had a daily average alcohol consumption of 22 g
and mainly drank beer, no independent relationships between alcohol intake and systolic or
diastolic blood pressure were detected (Simon et al. 1988). Moreover, one study on younger
adults has reported a trend towards a curvilinear relationship between alcohol consumption and
blood pressure, with those individuals drinking between 2 and 3 units/d having the lowest diastolic blood pressure (Fig. 7; Gillman et al. 1995). Gender has been proposed to influence the
relationship between blood pressure and alcohol consumption (van Leer et al. 1994). As blood
pressure is very sensitive to different lifestyle factors, the risk that these observational studies
may be flawed by unrecognised confounding factors may be substantial. Furthermore, only
blood pressure measured at the consultation with the physician, which is susceptible to the
anxiety of the subject, was recorded in these investigations. Further studies which introduce
prolonged periods with light alcohol consumption and monitor ambulatory blood pressure are
therefore required to further elucidate the impact of social drinking on blood pressure.

Effects on the myocardium
Many individuals are familiar with the arrhythmogenic effect of alcohol, which has been
observed in heavy drinkers in acute electrophysiological experiments (Greenspon & Schaal,
1983). Furthermore, in addition to the direct effect which alcohol exerts on the electrophysioDownloaded from https://www.cambridge.org/core. IP address: 3.231.167.166, on 22 Sep 2020 at 09:24:22, subject to the Cambridge Core terms of use, available
at https://www.cambridge.org/core/terms. https://doi.org/10.1079/NRR200235

Alcohol and the heart

Systolic blood pressure (mmHg)

120

(A)

115

110

105

100

Diastolic blood pressure (mmHg)

113

75

None

<1
1–<2
2–<3
Alcohol intake (drinks/d)

3+

(B)

70

65

60

None

<1

1–<2

2–<3

3+

Alcohol intake (drinks/d)
Fig. 7. Mean systolic (A) and diastolic (B) blood pressure for 316 young adults from East Boston, MA,
USA, adjusted for age, sex and BMI, grouped according to level of daily alcohol intake. (From Gillman et al.
1995; reprinted with permission from Lippincott Williams & Wilkins.)

logical properties of the myocardium, moderate doses of alcohol (1 g/kg body weight) have
been reported to result in an acute reduction in the parasympathetic stimulation of the heart in
healthy subjects, as reflected by a decline in heart rate variability (Koskinen et al. 1994).
Individuals with a low 24 h heart rate variability have been found to have a substantially higher
risk for sudden cardiac death than individuals with a high 24 h heart rate variability, even after
cardiac dysfunctions and history of MI have been accounted for (Algra et al. 1993). Heart rate
variability is a strong predictor of arrhythmic events in patients post infarction (Hohnloser et al.
1997). The arrhythmogenic effect of alcohol could therefore potentially reduce the chance of
surviving an MI. The presence of this effect of alcohol is supported by prospective observations
that the proportion of incidences of cardiac death which could be classified as sudden was
greater amongst heavy drinkers (Wannamethee & Shaper, 1992). Whether the increased risk of
sudden cardiac death in alcoholics is due to an acute arrhythmogenic effect or to subclinical
structural changes in their myocardium, which may affect its electrophysiological properties, or
to a combination of both factors, is not clear. Furthermore, it is not known whether heavy
drinking may precipitate non-MI-related fatal arrhythmia in predisposed individuals.
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It is unlikely that the arrhythmogenic effect of alcohol contributes substantially to the overall effect of light drinking on cardiac death, even in terms of surviving an MI. In fact, moderate
drinking has been reported to reduce first MI case fatality in a prospective study (Wannamethee
et al. 1995). However, in a large-scale prospective study of male physicians (Albert et al. 1999)
a nadir for sudden cardiac death was found at five to six drinks weekly with those drinking two
or more drinks daily being at higher risk of sudden cardiac death. In contrast, the risk of nonsudden cardiac death and non-fatal MI steadily declined with an alcohol consumption of more
than one drink daily. The disparity between the relationships may be attributable to the acute
detrimental effect of large amounts of alcohol on fibrinolysis or the electrophysiological stability of the heart. These factors may have a stronger impact on the risk for acute cardiac events
than the gradual development of IHD.

Conclusion
There is substantial epidemiological evidence that a light regular alcohol intake has a preventive effect on CHD. This evidence is supported by a large quantity of experimental data indicating several different factors (lipid metabolism, endothelial function, platelet activity and
thrombogenic factors) which may convey the protective effect of alcohol per se. In addition,
red wine in particular, but also beer and spirits, may contain substances that enhance the effect
of alcohol by an antioxidant effect. However, the relative role that these different factors may
play is not well established. Future research will probably reveal new substances and mechanisms which contribute to the cardio-protective effect of alcoholic beverages. It must be
emphasised, however, that there is strong observational and experimental evidence that the beneficial cardiovascular effects of alcohol are reversed with heavy or binge drinking. Just one
glass of wine or beer daily with the evening meal may be optimal in terms of life expectancy.
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