
ity. Because BMI was measured accurately, we cannot rule
out that residual confounding by physical activity, and
by dietary factors, may partly explain our results.

Chocolate confectionary contributed about two thirds
to the total intake of cocoa in our study. We considered
the possibility of reverse causation, ie, that healthy sub-
jects consume more chocolate confectionary than those
who are not healthy. However, we limited our study to
subjects without chronic diseases and to those not us-
ing antihypertensive drugs at baseline. Also, the associa-
tion between cocoa intake and cardiovascular mortality
did not differ between subjects with a high and low level
of physical activity, which can also be considered as a
marker of general health. Finally, the consumption of
sugar confectionary other than chocolate, cookies and
savory foods, and nuts and seeds, which were all strongly
related to cocoa intake, was not associated with cardio-
vascular mortality, suggesting a specific effect of cocoa
on cardiovascular mortality.

A few small short-term intervention studies have evalu-
ated the effect of dark chocolate consumption on blood
pressure. In hypertensive and normotensive persons, daily
consumption of 100 g of dark chocolate for 2 weeks re-
duced the average systolic blood pressure between 4.1
and 11.9 mm Hg and the average diastolic blood pres-
sure between 1.8 and 8.5 mm Hg.6,8 However, daily con-
sumption of 46 g of dark chocolate did not affect blood

pressure after 2 weeks in healthy subjects.10 In sum-
mary, these studies suggest that large amounts of dark
chocolate lower blood pressure, whereas a smaller amount
appears to have no effect.

The present study indicates that men with a usual daily
cocoa intake of about 4.2 g, which is equal to 10 g of dark
chocolate per day, had a lower systolic and diastolic blood
pressure compared with men with a low cocoa intake.
Although this amount is one tenth of the dose that is used
in most intervention studies, it suggests that long-term
daily intake of a small amount of cocoa may lower blood
pressure.

Mechanistic studies suggest that the flavan-3-ols in co-
coa-containing foods are likely to be responsible for the
reduction in blood pressure and the improvement of en-
dothelial function. Consumption of flavan-3-ol–rich
chocolate or cocoa is shown to increase arterial9,11 and
peripheral vasodilation,10 whereas this effect is less10 or
absent9,11 after consumption of flavan-3-ol–low choco-
late or cocoa. An increased activity of nitric oxide is likely
to play a major role in this process.9,10 This is supported
by the observation that polymeric procyanidins in-
creased endothelial nitric oxide synthase activity in cul-
tured endothelial cells.25 Although there is little doubt
that flavan-3-ols have a beneficial effect on endothelial
function and blood pressure, other bioactive substances
in cocoa, including theobromine,26 may also contribute
to its effects.

The lower cardiovascular mortality risk associated with
cocoa intake could not be attributed to the lower blood
pressure observed with cocoa use. An explanation may
be that blood pressure itself was not a risk factor for car-
diovascular and all-cause mortality in the Zutphen El-
derly Study.27 Our findings, therefore, suggest that the
lower cardiovascular mortality risk related with cocoa in-
take is mediated by mechanisms other than lowering blood
pressure. The improvement of endothelial function by
flavan-3-ols in cocoa may be a plausible candidate.8-11 Dark
chocolate also exhibits several metabolic effects.7,8 Daily
100 g of dark chocolate for 2 weeks reduced fasting in-
sulin and glucose levels and decreased glucose and in-
sulin responses after an oral glucose load.7,8 Cocoa-
containing foods and flavan-3-ols may also reduce
cardiovascular risk by the inhibition of platelet func-
tion28-30 and low-density lipoprotein oxidation,31-33 the
modulation of cytokine production,34-36 and the benefi-
cial effect on serum cholesterol levels.8,33,37

To explore whether possible misclassification of car-
diovascular mortality occurred in our study, we also stud-
ied the association of cocoa intake with all-cause mor-
tality. We observed a similar risk for all-cause mortality
as for cardiovascular mortality. This may implicate that
cocoa intake is also associated with noncardiovascular
mortality. Because cocoa is a rich source of antioxi-
dants, it may also be related to other diseases that are
linked to oxidative stress (eg, pulmonary diseases,
including chronic obstructive pulmonary disease,38 and
certain types of cancer).39 However, this merits further
investigation.

In conclusion, to our knowledge, this is the first ob-
servational study that found that habitual cocoa intake
was inversely associated with blood pressure in cross-

Table 5. Relative Risks for the Association Between
Cocoa Intake and 15-Year Cardiovascular Mortality
Among Elderly Men in Zutphen, the Netherlands, Stratified
by Major Risk Factors*

Variable

Tertile of Cocoa Intake
P Value

for
Trend

Lowest
(!0.50 g/d)

Medium
(0.50-2.25 g/d)

Highest
("2.25 g/d)

Body mass index†
#25 1.00 0.90 (0.53-1.51) 0.55 (0.31-0.98) .03
!25 1.00 0.63 (0.31-1.25) 0.40 (0.20-0.79) .01

Cigarette smoking
Yes 1.00 0.59 (0.29-1.22) 0.42 (0.18-0.95) .06
No 1.00 0.76 (0.45-1.30) 0.52 (0.30-0.92) .03

Physical activity
High 1.00 1.31 (0.41-4.20) 0.40 (0.11-1.54) .07
Low 1.00 0.67 (0.42-1.05) 0.50 (0.31-0.81) .009

Calorie intake
High 1.00 0.54 (0.28-1.06) 0.48 (0.26-0.87) .04
Low 1.00 0.95 (0.56-1.63) 0.54 (0.28-1.05) .06

Alcohol
consumption

Yes 1.00 0.65 (0.41-1.02) 0.51 (0.32-0.84) .02
No 1.00 1.29 (0.45-3.74) 0.18 (0.04-0.73) .01

Socioeconomic
status

High 1.00 0.59 (0.23-1.48) 0.42 (0.16-1.13) .12
Low 1.00 0.75 (0.46-1.21) 0.46 (0.27-0.78) .004

*Data are given as multivariate-adjusted relative risk (95% confidence inter-
val) unless otherwise indicated. Data are given for men free of chronic diseases
and not using antihypertensive drugs at baseline. Data were adjusted for age
(continuous), cigarette smoking (yes or no), alcohol consumption (yes or no),
physical activity (continuous), use of aspirin (yes or no), use of anticoagulants
(yes or no), body mass index (continuous), diet prescription (yes or no),
consumption of vegetables (continuous), fruit (continuous), low- and medium-
fat dairy (continuous), meat (continuous), sugar confectionary other than
chocolate (continuous), cookies and savory foods (continuous), nuts and seeds
(continuous), and coffee (continuous), and total calorie intake (continuous).

†Calculated as weight in kilograms divided by the square of height in meters.
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