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ABSTRACT
Objective To examine the association between
chocolate intake and the risk of future cardiovascular
events.
Methods We conducted a prospective study using data
from the European Prospective Investigation into Cancer
(EPIC)-Norfolk cohort. Habitual chocolate intake was
quantified using the baseline food frequency
questionnaire (1993–1997) and cardiovascular end
points were ascertained up to March 2008. A systematic
review was performed to evaluate chocolate
consumption and cardiovascular outcomes.
Results A total of 20 951 men and women were
included in EPIC-Norfolk analysis (mean follow-up 11.3
±2.8 years, median 11.9 years). The percentage of
participants with coronary heart disease (CHD) in the
highest and lowest quintile of chocolate consumption
was 9.7% and 13.8%, and the respective rates for
stroke were 3.1% and 5.4%. The multivariate-adjusted
HR for CHD was 0.88 (95% CI 0.77 to 1.01) for those
in the top quintile of chocolate consumption (16–99 g/
day) versus non-consumers of chocolate intake. The
corresponding HR for stroke and cardiovascular disease
(cardiovascular disease defined by the sum of CHD and
stroke) were 0.77 (95% CI 0.62 to 0.97) and 0.86
(95% CI 0.76 to 0.97). The propensity score matched
estimates showed a similar trend. A total of nine studies
with 157 809 participants were included in the meta-
analysis. Higher compared to lower chocolate
consumption was associated with significantly lower
CHD risk (five studies; pooled RR 0.71, 95% CI 0.56 to
0.92), stroke (five studies; pooled RR 0.79, 95% CI
0.70 to 0.87), composite cardiovascular adverse
outcome (two studies; pooled RR 0.75, 95% CI 0.54 to
1.05), and cardiovascular mortality (three studies; pooled
RR 0.55, 95% CI 0.36 to 0.83).
Conclusions Cumulative evidence suggests that higher
chocolate intake is associated with a lower risk of future
cardiovascular events, although residual confounding
cannot be excluded. There does not appear to be any
evidence to say that chocolate should be avoided in
those who are concerned about cardiovascular risk.

INTRODUCTION
Chocolate is an important dietary source of flavon-
oid antioxidants, which are hypothesised to have a
beneficial effect on endothelial function and protect
against cardiovascular disease (CVD).1 Evidence

from a range of small scale intervention trials have
reported that intake of chocolate resulted in
increased high density lipoprotein (HDL) choles-
terol concentrations, decreased low density lipopro-
tein (LDL) oxidation, and improved endothelial
function.2 Large scale intervention studies have not
been performed and therefore the potential benefits
of raising chocolate consumption on cardiovascular
risk are unknown. However, some evidence on the
potential beneficial effects of chocolate can be
derived from observational studies.
Many studies have evaluated the risk of cardio-

vascular outcomes with chocolate consumption.1–4

One meta-analysis which attempted to quantify sys-
tematically the effect of high chocolate consump-
tion was limited by inclusion of a heterogeneous
spectrum of outcomes including diabetes and heart
failure.3 A more recent meta-analysis specifically
evaluated the effects of flavonols (also found in
other foods) and the risk of coronary heart disease
(CHD) and found no significant association
between flavonol intake and CHD.4 Many cohort
studies which examined the association between
chocolate and CVD (defined by CHD and stroke in
this study) are limited to sex-specific cohorts.5–9

Two meta-analyses have been performed which
pooled many of these studies and found reduced
risk of incident stroke7 and CVD10 with higher
chocolate consumption. However, these studies are
limited because one study only considered stroke
while the other study pooled many different car-
diovascular events into a single risk estimate.
In order to evaluate any association between

habitual chocolate consumption and the risk of car-
diovascular events, we analysed data from the
European Prospective Investigation into Cancer-
Norfolk (EPIC-Norfolk), a large prospective popu-
lation study in the UK, and incorporated the results
from this observational study into the evidence
available to date from the literature by conducting
a systematic review and meta-analysis.

METHODS
EPIC-Norfolk cohort study
EPIC-Norfolk is a prospective population study of
over 25 000 men and women, resident in Norfolk,
UK (99.6% white Caucasian). The study methods
have been described previously in detail.11 In brief,
at the baseline survey between 1993 and 1997,
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