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Chocolate: (un)healthy source of polyphenols?
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Abstract There is recent epidemiological evidence that
chocolate consumption may improve vascular health.
Furthermore, several small-scale human intervention
studies indicate that habitual chocolate intake enhances the
production of vasodilative nitric oxide and may lower
blood pressure. It is hypothesized that potential beneficial
effects of chocolate on vascular health are at least partly
mediated by cocoa polyphenols including procyanidins.
Based on cell culture studies, molecular targets of choco-
late polyphenols are endothelial nitric oxide synthetase as
well as arginase. However, human bioavailability studies
suggest that the plasma concentrations of cocoa polyphe-
nols are manifold lower than those concentrations used in
cultured cells in vitro. The experimental evidence for
beneficial vascular effects of chocolate in human inter-
ventions studies is yet not fully convincing. Some human
intervention studies on chocolate and its polyphenols lack a
stringent study design. They are sometimes underpowered
and not always placebo controlled. Dietary chocolate
intake in many of these human studies was up to 100 g per
day. Since chocolate is a rich source of sugar and saturated
fat, it is questionable whether chocolate could be
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recommended as part of a nutrition strategy to promote
vascular health.
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Recent epidemiological studies suggest that chocolate may
lower blood pressure and the incidence of cardiovascular
diseases [1, 2]. Chocolate is made out of cocoa which is a
significant source of polyphenols including procyanidins. It
is hypothesized that cocoa polyphenols activate endothelial
nitric oxide synthase (eNOS) thereby increasing the con-
centration of vasodilative nitric oxide. L-arginine is the
substrate of eNOS and arginase competes with eNOS for
l-arginine as the common substrate. Thus, the concentra-
tion of l-arginine is an important determinant for cellular
NO production by eNOS [3]. Interestingly, it has been
shown that cocoa polyphenols lower arginase-2 mRNA
expression and activity in primary human endothelial cells
[3]. In a recent cell culture study in endothelial cells,
flavonoid (catechins, procyanidins) concentrations up to
100 uM were used in order to increase nitric oxide levels in
endothelial cells [4]. However, the plasma concentration of
chocolate polyphenols is relatively low and often in the
nanomolar range [5, 6]. Thus, the flavonoid concentrations,
as used in cultured cells, may sometimes be un-physio-
logically high.

It has been suggested that cocoa-derived flavonoids may
affect the production of proinflammatory mediators [7]. In
general, flavonoids are often considered as potential anti-
inflammatory molecules [8, 9]. However, in some studies,
procyanidins, as present in cocoa, partly increased the
production of tumor necrosis factor alpha and NF-xB-
dependent proinflammatory gene expression [10, 11]. The
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chain length of procyanidins may have a significant effect
on cytokine release [12].

Nevertheless, there are several short-term human
intervention studies suggesting that chocolate may
improve vascular health. The number of subjects inclu-
ded into these studies is often between fifteen [13] and
forty-five volunteers [14] and thus these studies could be
rather considered as pilot studies. A major concern with
these small-scale human intervention studies is that they
seem to be partly underpowered and many of these
studies (not all) were not placebo controlled. Further-
more, several studies do not report plasma polyphenol
concentrations in response to dietary chocolate intake. It
is still unclear whether white chocolate is the right pla-
cebo? For example, white chocolate as a control food
makes blinding of observers and participants impossible,
thus increasing the risk of bias. In addition, white and
dark chocolate have different compositions, which makes
it difficult to identify the bioactive substance which is
responsible for an effect on, e.g. endothelial function
and/or blood pressure. White chocolate is made of cocoa
butter, milk and sugar. It does not contain cocoa paste,
liquor or powder. Thus, white chocolate lacks cocoa
polyphenols, but it also lacks methylxanthines (e.g. caf-
feine), and has a different fatty acid and carbohydrate
composition [15, 16]. In order to reduce bias, the macro-
and micronutrient compositions as well as flavour and
appearance of the “verum” and “placebo” need to be
considered and strictly standardized in the design of a
controlled clinical trial.

In several studies, up to 100 g chocolate per day were
used in order to affect flow-mediated dilation, circulatory
nitric oxide levels and ultimately blood pressure [17].
However, in the study by Taubert et al. [18], lower
amounts of chocolate (~6 g of dark chocolate per day)
were used. It has been mentioned that the products used
in controlled studies sometimes may contain higher
polyphenol contents than commercially available prod-
ucts [19]. Polyphenols exhibit a bitter taste and some
(not all) manufacturers have established processing
technology for cocoa which eliminates the bitterness
together with the polyphenols. Up to 90% of the poly-
phenols can be possibly lost during processing steps [20].
Thus, the food industry is encouraged to label the
polyphenol content of chocolate.

In a recent meta-analysis on cocoa products and choc-
olate, a significant statistical heterogeneity across studies
could be found [21], which may be also partly related to
allelic variants in polyphenol-metabolizing enzymes.
While in some studies dietary chocolate lowered blood
pressure, in other studies no beneficial effect of chocolate
on blood pressure could be observed. For instance, the
double-blind, placebo-controlled, randomized trial by
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Crews et al. [22] failed to support any beneficial effects of
short-term dark chocolate and cocoa consumption on any
of the cardiovascular health-related variables including
blood pressure. Furthermore, consumption of dark choco-
late and cocoa was associated with significantly higher
pulse rates.

From a public health point of view, it may be still
questionable whether we should increase the intake of
dietary polyphenols due to chocolate. It is well known that
chocolate is relatively high in sugar (~50 g/100 g) and
saturated fatty acids (~60% of total fatty acids); 100 g
chocolate contains 480-540 kcal. Chronic unbalanced
intake of chocolate may increase energy intake which in
turn may increase body weight known to adversely affect
blood pressure and vascular health. In a recent study, an
increase in bodyweight (0.8 kg over 3 month) due to the
consumption of 25 g chocolate per day was evident [23].
Weight gain may also result in changes in metabolic
parameters which in turn may counteract the blood pres-
sure lowering effects of chocolate. It has been suggested by
Desch et al. [21] that long-term “side effect profiles” of
chocolate and its optimal dose need be established before
any recommendations can be made [21]. Furthermore, it
has been criticized that large-scale, well-controlled trials
on chocolate with clinical endpoints are currently missing
[23].

We should also take into account that chocolate is not
the only source of procyanidins. We have conducted a
systematic analysis of procyanidins in foodstuffs and
beverages. Rich dietary sources of procyanidins are also
several fruits including unpeeled apples, berries and plums
to name a few [24]. If the procyanidin content of food
items is calculated on energy basis, apples may contain
more procyanidins per kcal (1.3 mg/kcal) than chocolate
(0.9 mg/kcal) [25].

While in terms of fruit and vegetable intake the motto
“the more the better” may be valid, this seems to be not the
case in terms of intake of chocolate mainly due to its high
energy density. Another problem is that if we propose
chocolate as a “healthy food item”, the consumer may
extrapolate such statements possibly also to other sweets
and sugar-based food items. Since the prevalence of
obesity has dramatically increased during the last decade,
we should critically ask the question whether dietary rec-
ommendations in terms of chocolate and vascular health
are practical at all? For the prevention and/or treatment of
elevated blood pressure, well-established diet-related life-
style modifications should be rather recommended and
implemented, such as weight loss in overweight/obese
patients, reduced salt intake and/or consumption of a diet
rich in fruit and vegetables, rich in low-fat diary products
and reduced in saturated fatty acids and cholesterol
[26, 27].
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