








There were significant improvements in FMD (both acutely and
chronically) for all doses of epicatechin (Table 1). Such sub-
grouping appeared to reduce overall heterogeneity in the acute
FMD data, and these data were consistent with greater effects at
higher doses. There was no suggestion of heterogeneity in the
chronic FMD data, and there were no clear differences in effect at

different doses. Subgrouping by epicatechin dose suggested
greater effects for systolic and diastolic BP at doses .50 mg/d.
For fasting glucose and triglycerides, the data suggested im-
provement at moderate doses (50–100 mg epicatechin/d) but no
effect at lower (,50 mg/d) or higher (.100 mg/d) doses. We did
not assess the effect of epicatechin dose on HOMA-IR and fasting

FIGURE 3. Effect of chocolate/cocoa flavan-3-ols on measures of glucose and insulin metabolism or homeostasis. Random-effects meta-analysis
conducted by using IV methods. The Davison study consisted of 2 substudies: one gave intervention and control participants additional exercise [Davison
2008 (Ex) (41)], and one did not provide exercise [Davison 2008 (noEx) (41)]. Similarly, Grassi published 2 trials, one in subjects with raised blood pressure at
baseline [Grassi 2005 ([ BP) (48)] and one in subjects without raised BP [Grassi 2005 (nBP) (49)]. IV, inverse variance.

FIGURE 4. Effect of chocolate or cocoa flavan-3-ols on a range of cardiovascular disease risk biomarkers. Random-effects meta-analysis conducted by
using IV methods. Data are presented for fasting serum glucose, insulin, and triglycerides. Minor differences between confidence intervals shown here and in
other analyses within the article are due to rounding. chol, cholesterol; CRP, C-reactive protein; Diast BP, diastolic blood pressure; FMD, flow-mediated
dilatation; IV, inverse variance; MAP, mean arterial pressure; Syst BP, systolic blood pressure.
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insulin because there were too few studies for subgrouping or
meta-regression.

When we stratified by duration, studies of acute and chronic
intake improved FMD, whereas only studies of ,3 wk reduced
fasting glucose, LDL, and total cholesterol and only those studies
of .3-wk duration increased HDL cholesterol (Table 2). There
were no clear effects of duration on BP or triglycerides.

When we subgrouped studies comparing similar treatments and
control comparisons (Table 3 and Supplemental Table 4 under
“Supplemental data” in the online issue), there were no significant
differences in efficacy between the different treatment groups
except for CRP. This was also true when we subgrouped studies by
baseline CVD risk (Supplemental Table 5 under “Supplemental
data” in the online issue); the only outcome for which there were
differences in efficacy between subgroups was LDL cholesterol,
but here there was no clear pattern in effect as CVD risk increased,
and the difference in subgroups relied on only one trial.

In sensitivity analyses, removing studies funded by industry or
where funding was unclear, the beneficial effects of chocolate or
cocoa on HOMA-IR and FMD were retained; however, effects on
BP and HDL and LDL cholesterol were no longer significant
(Supplemental Table 6 under “Supplemental data” in the online
issue). Similarly, removing studies with unclear allocation con-

cealment retained the statistical significance of effects on FMD
(both acutely and in short-term chronic trials) and HOMA-IR, and
the short-term chronic effects on diastolic BP and the effects on
systolic BP became statistically significant. No effects on trigly-
cerides, fasting serum insulin, glucose, CRP, and LDL, HDL, and
total cholesterol were observed (data not shown).

We identified several studies that had clearly assessed pertinent
outcomes but that did not present the data in a usable format for
meta-analysis. These included serum glucose (3 studies), post-
prandial triglyceride concentrations (1 study), BP (4 studies), lipids
(3 studies), triglycerides (1 study), and CRP (3 studies).We are also
aware of data on FMD awaiting full publication (1 study) and
lipids. It is unclear what effect the addition of such missing data to
the meta-analyses would have or the amount of additional missing
data (from studies in which it was not clear that the outcome had
been measured or in cases in which the entire study was not
published). The funnel plots for systolic BP (the outcome with
most included participants) did not show any evidence of small
study bias, but because all included studies were small there was
limited power, so the funnel plot does not exclude the possibility of
missing studies or outcomes (26, 76). The funnel plot for FMD did
suggest minor imbalance (Supplemental Figure 2 under “Sup-
plemental data” in the online issue).

TABLE 1

The effect of epicatechin dose on cardiovascular risk biomarkers1

Outcome Epicatechin dose

Mean effect

(95% CI)2
No. of studies3

(no. of participants) I2
P value for difference

between subgroups

mg/d %

Fasting glucose (mmol/L) �50 20.01 (20.24, 0.22) 3 (142) 68 0.22

.50–100 20.17 (20.33, 20.02) 3 (106) 80

.100 0.09 (20.20, 0.37) 2 (78) 0

Triglycerides (mmol/L) �50 0.03 (20.05, 0.11) 5 (217) 0 0.06

.50–100 20.13 (20.23, 20.02) 6 (282) 0

.100 0.04 (20.18, 0.25) 3 (138) 0

FMD, 2 h (%) �50 No data 0 (0) 0.005

.50–100 1.62 (1.33, 1.92) 3 (89) 74

.100 3.53 (2.22, 4.83) 4 (110) 43

FMD, chronic (%) �50 2.18 (0.93, 3.43) 2 (95) 0 0.13

.50–100 1.04 (0.59, 1.49) 3 (111) 0

.100 1.60 (0.95, 2.24) 3 (108) 0

SBP, chronic (mm Hg) �50 0.10 (22.20, 2.41) 6 (299) 33 0.002

.50–100 24.48 (26.32, 22.63) 5 (161) 90

.100 24.58 (25.95, 23.21) 3 (110) 0

DBP, chronic (mm Hg) �50 20.38 (21.97, 1.20) 6 (299) 7 0.001

.50–100 24.25 (25.66, 22.85) 5 (161) 38

.100 23.62 (25.50, 21.74) 2 (78) 66

LDL cholesterol (mmol/L) �50 20.00 (20.09, 0.08) 5 (217) 67 0.27

.50–100 20.02 (20.08, 0.04) 6 (296) 71

.100 20.14 (20.28, 0.01) 4 (204) 63

HDL cholesterol (mmol/L) �50 0.03 (20.00, 0.07) 5 (217) 78 0.94

.50–100 0.02 (0.00, 0.04) 6 (336) 81

.100 0.03 (20.03, 0.09) 3 (124) 48

Total cholesterol (mmol/L) �50 0.03 (20.07, 0.13) 5 (217) 77 0.32

.50–100 20.06 (20.13, 0.01) 6 (336) 51

.100 20.05 (20.29, 0.19) 3 (124) 55

CRP (mg/L) �50 20.50 (21.32, 0.31) 2 (98) 0 0.60

.50–100 20.02 (20.52, 0.47) 3 (111) 0

.100 20.30 (21.69, 1.09) 1 (38) —

1 CRP, C-reactive protein; DBP, diastolic blood pressure; FMD, flow-mediated dilatation; SBP, systolic blood pressure.
2 These meta-analyses all used fixed-effects mean differences to allow the assessment of P values for differences between subgroups.
3 Because some studies did not state epicatechin dose, the total number of studies in this table does not add up to the total number of those included in the

review.

CHOCOLATE, FLAVAN-3-OLS, AND CVD: A SYSTEMATIC REVIEW 745

 at A
S

N
 M

em
ber on January 24, 2017

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


DISCUSSION

This systematic review and meta-analysis identified 42 RCTs
(including 1297 participants) that randomly assigned participants to
chocolate, cocoa, or cocoa flavan-3-ols in comparison with control
groups in acute or short-term chronic interventions. To our knowl-
edge, this is the first systematic review to show that chocolate or
cocoa intervention reduces insulin resistance as a result of a decrease
in insulin secretion. We also found strong beneficial effects on FMD
from 11 chronic and 11 acute studies, which were stable to sensitivity
analysis. Reductions in diastolic BP, triglycerides, and mean arterial
pressure were also observed, but results were less stable in sensitivity
analyses, as were themarginally significant effects on LDL andHDL
cholesterol. No effects on systolic BP or CRP concentrations were
observed. Interestingly, in line with other dietary interventions,
beneficial effects on HDL cholesterol were greater in longer-term
trials.

Our results support the reciprocal relation between insulin re-
sistance and endothelial function and suggest that the effect of
cocoa/chocolate interventions on fasting insulin concentrations and
HOMA-IR may be associated with endothelial function (21, 22,
77). These data are further supported by in vitro studies showing
effects of flavan-3-ols and their metabolites on glucose transport,
bioavailability and bioactivity of nitric oxide, inflammation, platelet
function, and angiotensin-converting enzyme activity (3, 7–11).

Our results suggest that epicatechin dose may be a key con-
tributor to the effects observed. Increasing the epicatechin dose
resulted in significant improvements in FMD after acute intake
(Table 1). Doses of .50 mg epicatechin/d reduced systolic and
diastolic BP, whereas doses ,50 mg/d did not. These findings
support oral administration of pure (2)-epicatechin mimicking
acute vascular effects of flavan-3-ol–rich cocoa (64). This suggests
that lower-dose studies may dilute the “true” response of chocolate
or cocoa, thus reducing the apparent effectiveness within meta-
analyses. Interestingly, for fasting glucose and triglycerides, ben-
eficial effects were observed at only the 50–100-mg/d epicatechin
dose and not at higher intakes. This may be due to chance because
there are limited dose-response studies for analysis. Further long-
term epicatechin dose-response studies are required, and epi-
catechin content should be reported in future studies.

No long-term trials have examined effects of chocolate, cocoa,
or flavan-3-ols on the range of major CVD risk biomarkers. The
longest trial was 18 wk, and only 7 trials were longer than 6 wk
(Supplemental Table 1 under “Supplemental data” in the online
issue). In analyses examining the impact of duration, effects on
most outcomes were greatest in acute and in the shortest chronic
(,3 wk) studies (Table 2). One exception was the observed
benefit of chocolate or cocoa on HDL in longer-duration studies,
which in line with observed effects of other dietary constituents

TABLE 2

The effect of duration of intervention on cardiovascular risk biomarkers1

Outcome Duration

Mean effect

(95% CI)2
No. of studies

(no. of participants) I2
P value for difference

between subgroups

%

Fasting glucose (mmol/L) ,3 wk 20.20 (20.35, 20.04) 2 (80) 82 0.01

3–6 wk 0.11 (20.04, 0.25) 5 (281) 0

.6–26 wk 20.10 (20.29, 0.08) 5 (142) 44

Triglycerides (mmol/L) ,3 wk 20.02 (20.12, 0.07) 6 (224) 52 0.63

3–6 wk 20.06 (20.11, 20.02) 11 (624) 0

.6–26 wk 20.01 (20.15, 0.13) 5 (142) 0

FMD (%) Acute, 90–150 min 1.89 (1.61, 2.16) 11 (369) 84 0.07

,3 wk 1.20 (0.68, 1.71) 3 (89) 0

3–6 wk 1.40 (0.93, 1.87) 7 (291) 6

.6–26 wk 2.00 (0.57, 3.43) 2 (49) 0

SBP (mm Hg) Acute, 90–150 min 22.01 (23.58, 20.45) 3 (212) 85 0.004

,3 wk 26.12 (28.12, 24.12) 6 (220) 76

3–6 wk 22.01 (23.31, 20.72) 11 (592) 60

.6–26 wk 22.35 (24.89, 0.18) 6 (163) 8

DBP (mm Hg) Acute, 90–150 min 21.14 (22.30, 0.03) 3 (212) 79 0.02

,3 wk 23.27 (24.80, 21.73) 6 (220) 62

3–6 wk 20.41 (21.50, 0.69) 10 (560) 0

.6–26 wk 22.05 (23.99, 20.12) 6 (163) 29

LDL cholesterol (mmol/L) ,3 wk 20.22 (20.33, 20.11) 6 (224) 35 0.0004

3–6 wk 0.02 (20.02, 0.06) 11 (664) 55

.6–26 wk 20.04 (20.15, 0.07) 5 (142) 0

HDL cholesterol (mmol/L) ,3 wk 20.02 (20.06, 0.02) 6 (224) 61 ,0.0001

3–6 wk 0.02 (0.01, 0.04) 10 (620) 58

.6–26 wk 0.15 (0.08, 0.21) 5 (142) 49

Total cholesterol (mmol/L) ,3 wk 20.17 (20.30, 20.04) 6 (224) 67 0.06

3–6 wk 20.02 (20.06, 0.03) 10 (620) 46

.6–26 wk 0.05 (20.12, 0.22) 5 (142) 0

CRP (mg/L) ,3 wk 20.07 (20.54, 0.40) 3 (108) 0 0.57

3–6 wk 0.14 (20.27, 0.54) 6 (330) 76

.6–26 wk 20.80 (22.76, 1.16) 1 (24) —

1 CRP, C-reactive protein; DBP, diastolic blood pressure; FMD, flow-mediated dilatation; SBP, systolic blood pressure.
2 These meta-analyses all used fixed-effects mean differences to allow the assessment of P values for differences between subgroups.
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on HDL. Chocolate or cocoa contains other potentially bioactive
constituents in addition to flavan-3-ols, including stearic acid,
potassium, and methylxanthines (78), which may be present in
intervention but not in control products of many included studies
(Table 3 and Supplemental Table 4 under “Supplemental data”
in the online issue). In addition, 6 included trials showed large
differences between intervention and control groups in saturated
fat intake, which may influence CVD risk (Supplemental Table 2
under “Supplemental data” in the online issue). Subgrouping
suggested that effects on FMD were likely due to flavan-3-ols,
whereas other cocoa components may contribute to changes in
glucose (79) and LDL (Table 3). Because the number of trials
available for subgrouping was limited, such analyses should be
interpreted with caution. Larger and longer-duration trials with
optimally designed treatments and controls are required.

Compliance is typically better in short-duration studies in which
the dietary intervention is modest and does not substantially in-
terfere with the regular diet. Two of seven included studies that
provided plasma metabolite data were unable to quantify differ-
ences in plasma epicatechin or flavan-3-ol/metabolites between the
intervention and control group (data not shown). This suggests that
the intervention doses were low, the analytic methods used were
insufficient, or that compliance was poor in these studies. For the

other 5 studies in which plasma concentrations were measured, the
effectiveness of interventions in increasing blood flavan-3-ol/
metabolite concentrations was clear.

No included trials were at low risk of bias, and the GRADE
assessment of strength of evidence varied from very low tomoderate
(Figure 5) because of unclear reporting of allocation concealment
and dropouts in many studies, missing outcome data, and hetero-
geneity in study results for some biomarkers. This low validity may
lead to exaggerated suggestions of effectiveness. Other limitations
were as follows: most studies were underpowered to assess effects
appropriately, few trials were independently funded, most studies
did not report measures of adherence or metabolism, many studies
had unclear doses of flavonoids and potentially contained other
bioactive constituents, and many studies had missing outcomes or
were poorly reported. There were clearly missing data for several
outcomes, and to reduce potential bias we contacted authors of
studies in which any data were not usable to gain sufficient in-
formation to include them; this resulted in the inclusion of addi-
tional data from 12 studies. Twelve other trials had clearly
measured or partially reported outcomes of interest that were not
usable in meta-analysis. Another limitation was that all RCTs were
small: the largest included 160 participants (of whom 40 were in
the single control group), and the mean number of participants was

TABLE 3

The effect of treatment and placebo composition on the endpoint measures1

Outcome Type of comparison

Mean

effect

(95% CI)2

No. of

studies

(no. of participants) I2

P value for

difference

between

subgroups

%

Fasting glucose (mmol/L) Flavonoids vs no flavonoids3 0.41 (20.49, 1.31) 1 (41) — 0.49

Cocoa vs no cocoa OR dark vs white chocolate 20.14 (20.26, 20.02) 8 (340) 62

Chocolate vs no chocolate4 20.20 (21.23, 0.83) 1 (38) —

Triglycerides (mmol/L) Flavonoids vs no flavonoids 0.03 (20.11, 0.17) 3 (222) 65 0.27

Cocoa vs no cocoa OR dark vs white chocolate 20.03 (20.10, 0.03) 11 (463) 0

Chocolate vs no chocolate 20.08 (20.13, 20.02) 4 (131) 4

FMD, chronic intake (%) Flavonoids vs no flavonoids 1.16 (0.52, 1.80) 4 (111) 14 0.57

Cocoa vs no cocoa OR dark vs white chocolate 1.40 (0.99, 1.81) 6 (231) 0

Chocolate vs no chocolate 3.57 (21.58, 8.72) 1 (38) —

SBP, chronic intake (mm Hg) Flavonoids vs no flavonoids 24.14 (25.95, 22.32) 4 (110) 66 0.35

Cocoa vs no cocoa OR dark vs white chocolate 23.28 (24.68, 21.88) 14 (621) 73

Chocolate vs no chocolate 2.90 (27.20, 13.00) 1 (21) —

DBP, chronic intake (mm Hg) Flavonoids vs no flavonoids 0.71 (22.08, 3.50) 3 (78) 11 0.12

Cocoa vs no cocoa OR dark vs white chocolate 22.10 (23.10, 21.10) 14 (621) 53

Chocolate vs no chocolate 1.40 (25.65, 8.45) 1 (21) —

LDL cholesterol (mmol/L) Flavonoids vs no flavonoids 20.00 (20.07, 0.06) 4 (262) 67 0.23

Cocoa vs no cocoa OR dark vs white chocolate 20.05 (20.11, 0.02) 11 (463) 57

Chocolate vs no chocolate 0.04 (20.04, 0.12) 4 (131) 75

HDL cholesterol (mmol/L) Flavonoids vs no flavonoids 0.02 (20.01, 0.04) 4 (262) 73 0.30

Cocoa vs no cocoa OR dark vs white chocolate 0.04 (0.01, 0.06) 11 (463) 73

Chocolate vs no chocolate 0.04 (0.00, 0.08) 4 (131) 60

Total cholesterol (mmol/L) Flavonoids vs no flavonoids 20.05 (20.13, 0.02) 4 (262) 5 0.55

Cocoa vs no cocoa OR dark vs white chocolate 0.01 (20.07, 0.09) 11 (463) 63

Chocolate vs no chocolate 20.02 (20.10, 0.05) 4 (131) 54

CRP (mg/L) Flavonoids vs no flavonoids 1.10 (23.02, 5.22) 1 (41) — 0.0002

Cocoa vs no cocoa OR dark vs white chocolate 20.21 (20.55, 0.12) 6 (290) 0

Chocolate vs no chocolate 1.78 (0.89, 2.67) 2 (41) 72

1 CRP, C-reactive protein; DBP, diastolic blood pressure; FMD, flow-mediated dilatation; SBP, systolic blood pressure.
2 These meta-analyses were conducted by using fixed-effects mean differences to allow assessment of P values for differences between subgroups.
3 Comparison included purified flavan-3-ol vs placebo or high flavan-3-ol cocoa vs low flavan-3-ol cocoa, where the main difference between intervention

and control groups relates to flavan-3-ol content.
4 Studies controlled only for differences in energy and sugar content between the intervention and control products.
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27. A study size <20 (11 of 42 studies recruited ,20 participants
and a further 10 included 20–21 participants) is associated with
increased publication bias risk (80), and groups of small trials tend
to report larger effect sizes than do large trials. This “small study
effect” suggests that interpretation of pooled estimates from small

studies should be cautious, with careful assessment of between-
study differences (81, 82).

Many included studies were funded by industry, and in all areas
of research evidence suggests that industry funding is associated
with pro-industry conclusions, restrictions on publication of

FIGURE 5. GRADE summary of evidence for the effects of chocolate, cocoa and cocoa flavonoids on cardiovascular health biomarkers. 1For these
randomized controlled trials, allocation concealment was generally unclear, blinding was clearly adequate for participants and researchers in about half of
trials, and incomplete accounting for participant losses was common. 2I2 was 50%, and the P value for heterogeneity was <0.10. 3Publication bias cannot be
ruled out on the basis of a funnel plot because all of the studies were small (so the funnel plot lacks power to identify any bias). Because studies were small,
publication bias was more likely, and many of the studies located were funded by interested industry sources, or funding was not stated, making publication
bias feasible. There was some evidence that outcomes were not reported in some studies in which results were not statistically significant. 4For crossover
studies, participants were counted twice (once for intervention and once for control arms). 5I2 was <50%, and the P value for heterogeneity was .0.10.
6Despite some apparent heterogeneity in effect size (I2 was 50% and the P value for heterogeneity was <0.10), the positive effect of chocolate or cocoa on
acute flow-mediated dilatation was consistent and stable to sensitivity analyses. 7Dose response was suggested by subgrouping, but not definitive (with only 7
randomized controlled trials that provided dose information). 8As well as low levels of heterogeneity, effects on flow-mediated dilatation were highly stable to
sensitivity analyses. GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; MD, mean difference.
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negative results, and delayed publication (81, 83). Our sensitivity
analyses, which removed studies funded by industry or where
funding was unclear, did not alter the observed effects on HOMA-
IR and FMD, but other outcomes were no longer statistically
significant (Supplemental Table 6 under “Supplemental data” in
the online issue) possibly because of reduced statistical power.
Similarly, removing studies with unclear allocation concealment
retained the statistical significance of effects on FMD, HOMA-IR,
and diastolic BP, supporting the stability of the observed effects on
HOMA-IR and FMD.

The limited available observational data on the relation between
chocolate intake and cardiovascular health suggest that con-
sumption of more chocolate or cocoa is associated with lower BP
and with lower risks of stroke and cardiovascular mortality, with
stronger effects in men than in women (4–6, 84, 85). Intakes of
chocolate and cocoa in higher-intake groups [eg, 7.5 g chocolate/
d in the upper quintile of the EPIC (European Prospective In-
vestigation into Cancer and Nutrition) study (6) and 4.2 g cocoa/
d in the Zutphen Elderly Study (4)] are very low compared with the
observed effective chocolate/cocoa flavan-3-ol doses in the in-
cluded RCTs. In this meta-analysis, improvements in HOMA-IR
or FMD were observed after twice-daily consumption of cocoa
drinks containing 19, 22, or 54 g cocoa/d; 46 or 100 g dark
chocolate/d; or 48 g chocolate plus 18 g cocoa/d. Fifty grams of
chocolate/d provides ;230 kcal or ;10% of daily energy intake
(86); there is therefore potential for this consumption to adversely
affect weight if the diet is not isocalorically balanced.

Although findings that chocolate/cocoa improve HOMA-IR and
FMD should be treated with caution due to the risk of bias inherent
in the included trials, it is important to discuss the potential clinical
importance of these effects. Growing evidence supports the role of
insulin resistance and endothelial function as independent pre-
dictors of CVD risk (21, 22). In the San Antonio Heart Study, the
OR of a CVDevent comparing the extreme quintiles (top quintile of
HOMA-IR: 4.80–41.7; bottom quintile: 0–1.03) was 1.94 (95% CI:
1.05, 3.59) (87), suggesting that the reduction in HOMA-IR of 0.7
that we observed may be clinically important. A recent meta-
analysis found that each 1% increase in FMD was associated with
a relative risk of cardiovascular events of 0.87 (95% CI: 0.83, 0.91)
(25). The 1.3% increase associated with chronic chocolate intake in
this review would have important consequences for cardiovascular
risk, and in combination with improved HOMA-IR cardiovascular
effects may be substantial.

To our knowledge, this is the first systematic review to com-
prehensively assess the overall effects and validity of the available
RCT data on chocolate or cocoa on a range of important CVD risk
factors, including insulin resistance. Our data highlight limitations
of available short-duration trials, but several promising effects on
biomarkers of CVD risk have emerged, including previously un-
reported beneficial effects on insulin and HOMA-IR, as well as
benefits on FMD.
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