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Red wine flavonoids and vascular health
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Abstract. Relative to non-drinkers, a low to moderate alcohol intake is associated with lower risk of cardiovascular and total
mortality. Epidemiological studies also suggest that a low to moderate red wine consumption may protect against cardiovascular
disease. Because epidemiological studies show a similar relationship for different types of alcoholic beverages, the alcohol
(ethanol), at low to moderate intakes, is proposed to provide protection. However, it remains uncertain whether there is a
causal link between alcohol generally or red wine specifically and cardiovascular disease. This is very difficult to explore in
epidemiological studies because of the many confounding social and dietary factors, and because risk of cardiovascular disease
increases substantially from moderate to very high intakes of alcohol.

The other major components of red wine that have received attention as potentially cardioprotective are the flavonoids.
There is mounting evidence that flavonoids and foods and beverages rich in flavonoids can make an important contribution to
cardiovascular health. Fruit and vegetables, tea and cocoa are important sources of flavonoids in the human diet. The intake of
these foods hasl been associated with reduced risk of cardiovascular disease in population studies.

Flavonoids are potent antioxidants in vitro, but it is their ability to cause vasorelaxation that is likely to be important for any
vascular health benefits. Red grapes, their skin, their seeds and the wine derived from them are rich in flavonoids. Population
studies have found that higher intakes of flavonoids are associated with lower risk for cardiovascular disease. In vitro studies,
studies using animal models and human intervention studies have investigated how flavonoids might contribute to reduced risk
of cardiovascular disease. A variety of mechanisms and outcomes have been explored and there is now strong evidence that
flavonoids can improve endothelial function. A number of human studies have been performed to investigate the in vivo effects
of red wine derived flavonoids on endothelial function. The results of these studies are mixed, with several studies indicating
acute improvements, while other studies suggest little benefit of regular short-term consumption of red wine flavonoids. The
effects of other rich dietary sources of flavonoids, such as tea and cocoa, to improve endothelial function may also provide a
guide to the potential benefits of red wine flavonoids. Results of human trials and meta-analyses of these trials suggest that tea,
cocoa and flavonoid-rich fruits can improve endothelial function.

Therefore there is good evidence that flavonoid-rich foods and beverages can have vascular health benefits. However, because
bioactivity of different flavonoids varies, health effects cannot be generalized to all flavonoids and flavonoid-rich foods. Further
studies are needed to establish any vascular health benefits of the red wine flavonoids.
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1. Background: The epidemiology

Interest in the effects of alcohol on human health
has remained strong for more than a century. Many
epidemiological studies have now evaluated the rela-
tionship between alcohol intake and health outcomes.
It is clear that heavy alcohol intake substantially
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increases the risk of a range of chronic diseases [1,
2]. However, there is now considerable support for the
idea that low to moderate alcohol intake is associated
with lower risk of cardiovascular and total mortality.
Relative to non-drinkers, low to moderate alcohol con-
sumption is associated with a 20 to 30% lower risk of
cardiovascular mortality and a 10 to 15% lower risk of
all-cause mortality [2].

It remains uncertain whether this link is causal. This
is very difficult to explore in epidemiological studies
because of the many confounding social and dietary
factors, and because risk of cardiovascular disease
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increases substantially from moderate to very high
intakes of alcohol. However, there is evidence that
components of alcohol, including the ethanol itself
and polyphenols can influence risk factors and pro-
cesses linked to vascular disease [1]. These include
potential effects on endothelial function, blood pres-
sure, inflammation, platelet function and thrombosis,
oxidative stress, glucose metabolism and the lipid
profile.

There has also been interest in possible differences in
effects of different types of alcoholic beverage (wine,
beer, spirits). Studies that have compared the different
beverages indicate that wine, and red wine particu-
larly is often more strongly related to benefit than
other forms of alcohol [1, 3]. This may be due to con-
founding factors related to red wine consumption. It is
also possible that red wine may contain higher levels
of protective components. The polyphenols, including
flavonoids, are important components of red wine that
have received attention as potentially cardioprotective.

2. Red wine flavonoids

The flavonoids present in red wine include a wide
range of compounds that affect colour, taste and mouth
feel of the wine. Flavonoids are the main polyphenols
present in red wine by weight, and constitute about 80
to 90% of total polyphenols. Flavonoids are derived
primarily from the skin and or seed of red grapes. Other
polyphenols also present in red wine include the phe-
nolic acids (caffeic and cinnamic acids) and stilbenoids
(resveratrol).

The major flavonoids in red wine include flavonols,
flavan-3-ol monomers (catechins), flavan-3-ol poly-
mers (proanthocyanidins) and anthocyanidins. One of
the main flavonols is quercetin, which can be absorbed
intact and metabolized to a variety of metabolites
[4]. The skin of red grapes are rich in flavan-3-ol
monomers such as catechin, epicatechin, gallocatechin
and epigallocatechin, whereas the seeds contain mainly
proanthocyanidins [5]. Flavan-3-ol monomers can be
absorbed without modification, but the proanthocyani-
dins are poorly absorbed. They are largely metabolized
to phenolic acids, which may then be absorbed. The
anthocyanidins, which may also be absorbed intact [6]
contribute to skin colour, and increase in concentration
as the grape ripens. Differences in structure, absorp-
tion and metabolism of the different flavonoids could
influence bioactivity.

3. Flavonoid intake and cardiovascular disease

There is increasing evidence that a higher flavonoid
intake is associated with a lower risk of cardiovascular
disease in populations. A number of population studies
have investigated the relationships of specific classes
of flavonoids with cardiovascular disease risk. High
flavonols (quercetin) intake is consistently associated
with lower risk [7]. Recent studies have investigated
relationships of several flavonoid classes and indicate
that flavan-3-ols and anthocyanidins may also benefit
cardiovascular disease outcomes [8, 9]. These stud-
ies indicate that several different classes of flavonoids
could contribute to lower risk of cardiovascular
disease.

4. Bioactivity of flavonoids

In vitro studies, studies using animal models and
human intervention studies have investigated how
flavonoids might contribute to reduced risk of car-
diovascular disease. A variety of mechanisms and
outcomes have been explored, including the effects
on endothelial function, blood pressure, oxidative
stress, inflammation, cholesterol reduction, homocys-
teine metabolism, platelet function, body fatness and
type 2 diabetes [10]. For most of the outcomes there
is inconsistent and or limited data. However, there is
now a substantial body of evidence that flavonoids can
enhance nitric oxide (a molecule that causes vascu-
lar relaxation) status and improve endothelial function
[10].

5. Endothelial function and its measurement

The endothelium is the inner lining of blood vessels.
It functions as a selectively permeable barrier between
blood and tissues. Normal endothelial function has a
number of roles and includes regulation of vasomo-
tor tone primarily through the release of nitric oxide.
Nitric oxide is one of the most important molecules
released by the endothelium. Endothelial dysfunction
is characterized by the loss of normal endothelium-
dependent and NO-mediated vasodilation in the artery.
Endothelial dysfunction is likely to contribute to the
pathogenesis of cardiovascular disease, and it is con-
sidered as an early biomarker for the development of
cardiovascular disease [11].
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Endothelial function may be assessed in a number
of ways. Isolated vessels from animals can be used to
assess the effects of potentially vasoactive substances
in vitro. In humans, one of the main methods has
been to use ultrasonography to measure flow-mediated
dilatation of conduit vessels, such as the brachial artery.
This is a non-invasive technique that measures NO-
dependent vasodilation of the artery in response to
shear stress induced by increased blood flow [12].

6. Red wine flavonoids: Effects on endothelial
function

A number of studies have investigated effects of
alcohol or red wine containing alcohol on endothe-
lial function [13, 14]. Although alcohol raises blood
pressure [15], there is little evidence that red wine con-
taining alcohol impairs endothelial function [16, 17].
In order to establish if red wine flavonoids influence
endothelial function, effects must be assessed in the
absence of alcohol using dealcoholized red wine, red
grape juice, or grape seed or skin extracts. In stud-
ies using animal models, red grape derived flavonoids
have been shown to improve endothelial function [18].
A number of human studies have also been performed
to investigate the in vivo effects of short-term supple-
mentation with dealcoholized red wine, red grape juice,
or grape seed or skin extracts on endothelial function
[14]. Most of these studies have assessed endothelial
function by measuring flow-mediated dilatation of the
brachial artery. This is mediated primarily by nitric
oxide. A low flow-mediated dilatation is associated
with higher risk of cardiovascular disease events [19].

Studies exploring the effects of red wine flavonoids
on endothelial function can be categorized accord-
ing to whether effects were investigated in an acute
(including postprandial) setting or following short-
term regular consumption. In the acute setting most
studies have found that dealcoholized red wine or
flavonoid-rich red grape/wine extracts result in sig-
nificant improvement in endothelial function [14]. In
short-term trials, early studies found that purple grape
juice [20, 21] or grape seed extract [22] resulted in
improved endothelial function. However, a number
of more recent trials have found no effect of short-
term regular consumption of red wine flavonoids [16,
17, 23–25]. Therefore, the results of these studies are
mixed, with some studies indicating benefit and oth-
ers showing no significant effect. Additional studies

are needed in order to establish the effects of regular
consumption of a diet higher in red wine flavonoids on
endothelial function.

7. Flavonoids from other sources: Effects on
endothelial function

In order to further evaluate the potential of red wine
derived flavonoids on endothelial function it is useful
to explore the effects of other foods and beverages that
contain the same of similar flavonoids to those present
in red wine. In the human diet flavonols, flavan-3-ols
and anthocyanidins can be derived from tea, fruits and
chocolate (cocoa).

7.1. Tea

The term ‘tea’ refers to the plant Camellia sinensis,
its leaves, and infusions derived from them. The two
main types of tea are green and black. Both green
and black teas are rich dietary sources of flavonoids,
and contain both flavonols such as quercetin and
monomeric flavan-3-ols (mainly the catechins). Tea
intake has been associated with reduced risk of car-
diovascular disease in cross-sectional and prospective
population studies [10]. These studies have led on
to investigations of the effects of tea on endothelial
function.

There is now consistent data showing that tea and
tea flavonoids can enhance nitric oxide status [26] and
improve endothelial function [10]. Most studies have
used black tea, and the effects have been investigated
both acutely and following short-term regular inges-
tion. A recent meta-analysis of these studies found that
tea consumption resulted in an overall improvement
in flow-mediated dilatation of the brachial artery by
approximately 30% [27]. Benefits have been observed
in both acute and short-term studies. There is also
some evidence for a dose-response relationship. It is
suggested that these effects may be at least partly
responsible for benefits of tea and tea flavonoids on
cardiovascular health [10].

7.2. Cocoa/chocolate

Cocoa is one of the richest sources of flavonoids. It
is rich in the monomeric flavan-3-ol epicatechin, but
also contains significant levels of proanthocyanidins.
Cocoa is manufactured to cocoa powder and chocolate.
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Although some of the flavonoids are lost during this
process, some chocolate can still provide flavonoids to
the diet. Early interest in cocoa derived from obser-
vations in Kuna Indians, who consume considerable
amounts of cocoa daily as a beverage, and are protected
against an age-dependent increase in blood pressure.
This is often against the background of a high salt diet.
Recent population studies have investigated effects of
cocoa/chocolate intake on cardiovascular outcomes in
populations. These studies suggest that modest regular
cocoa/chocolate intake is associated with a 10 to 50%
lower risk of cardiovascular outcomes [28]. Observa-
tions in the Kuna Indians have also led to research on
the effects of cocoa flavonoids on endothelial function.

About ten studies have now assessed the effect of
flavonoid-rich cocoa or dark chocolate on endothe-
lial function assessed using flow-mediated dilatation
of the brachial artery. A meta-analyses of these stud-
ies found that flavonoid-rich cocoa or dark chocolate
can improve endothelial function assessed using flow-
mediated dilatation by approximately ∼40% [29]. The
magnitude of these effects is similar to those observed
for tea and those observed in acute studies with red
wine flavonoids.

8. Flavonoids and endothelial function:
A meta-analysis

The evidence that flavonoids derived from some
sources such as tea and cocoa can enhance endothe-
lial function is now quite strong. The evidence for
benefit of red wine derived flavonoids is less con-
sistent. However, red wine contains many of the
same compounds as those present in tea, cocoa and
fruits shown to improve endothelial function. These
include the flavonols, flavan-3-ols (monomers and
polymers) and anthocyanidins. A recent systematic
review and meta-analysis of randomised controlled
trials of flavonoid-rich food products has attempted
to explore the effects of different flavonoid classes
on vascular function [30]. All (combined) flavonoid
subclasses resulted in a significant improvement in
flow-mediated dilatation by approximately 30% in
acute studies and approximately 10% in short-term
studies of regular ingestion of the flavonoids [30].
These effects would be consistent with the suggested
benefit of red wine flavonoids in acute studies, with
less support for benefit in studies of regular ingestion
[14, 30]. Kay et al [30] also explored estimated effects

of individual flavonoid subclasses. They found that the
estimated impact of the classes of flavonoids present in
red wine (flavonols, flavan-3-ols and anthocyanidins)
was similar or larger than that for total flavonoids. This
was for both acute and short-term studies.

9. Summary

In population studies low to moderate red wine
consumption is associated with protection against car-
diovascular disease. It is suggested that an important
protective component of red wine are the flavonoids.
There is mounting evidence that flavonoids and foods
rich in flavonoids can make a contribution to cardio-
vascular health. Intakes of fruit and vegetables, tea and
cocoa have all been associated with reduced risk of
cardiovascular disease in population studies. Further-
more, population studies have also linked the intake
of specific flavonoids to lower risk of cardiovascular
disease. A variety of mechanisms related to benefit on
cardiovascular health have been explored. For most of
the outcomes there is inconsistent and or limited data.
However, there is now a substantial body of evidence
that flavonoids can improve endothelial function.

Red grapes, their skin, their seeds and the wine
derived from them are rich in flavonoids. Flavonoids
may have a number of bioactivities including potent
antioxidant activity in vitro. However, it is their ability
to cause vasorelaxation that is likely to be important
for any vascular health benefits. Human studies that
have investigated the acute and short-term effects of
red wine flavonoid (without alcohol) are inconsistent.
They do suggest the potential for acute improvements
in flow-mediated dilatation of the brachial artery, but
the evidence for benefit with regular ingestion remains
weak. The demonstrated benefits of other rich dietary
sources of flavonoids, such as tea, cocoa and other
fruits on endothelial function also provide a guide to
the potential benefits of red wine flavonoids. This is
primarily because many of the flavonoids present in
red wine are also present in these other foods. A recent
meta-analysis that pooled results of trials of flavonoid-
rich foods suggests that the major flavonoids present
in red wine could improve endothelial function.

10. Conclusion

There is good evidence that flavonoid-rich foods and
beverages can have vascular health benefits. Because
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bioactivity of different flavonoids varies, health effects
cannot be generalized to all flavonoids and flavonoid-
rich foods. However, there is supporting evidence from
studies using a range of food and beverage sources
of flavonoids that the flavonoids present in red wine
could contribute to vascular health. Further studies are
needed to establish any vascular health benefits of the
regular consumption of red wine flavonoids.
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