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Recent findings indicate an inverse relationship between cardiovascular disease and consumption of flavonoids. We aimed to
identify clinical and vascular parameters of treated hypertensive who present beneficial effects of dark chocolate for one-week period
on vascular function. Twenty-one hypertensive subjects, aged 40–65 years, were included in a prospective study with measurement
of blood pressure (BP), brachial flow-mediated dilatation (FMD), peripheral arterial tonometry, and central hemodynamic
parameters. These tests were repeated after seven days of eating dark chocolate 75 g/day. Patients were divided according to the
response in FMD: responders (𝑛 = 12) and nonresponders (𝑛 = 9). The responder group presented lower age (54 ± 7 versus
61 ± 6 years, 𝑃 = 0.037), Framingham risk score (FRS) (2.5 ± 1.8 versus 8.1 ± 5.1%, 𝑃 = 0.017), values of peripheral (55 ± 9 versus
63 ± 5 mmHg, 𝑃 = 0.041), and central pulse pressure (PP) (44 ± 10 versus 54 ± 6 mmHg, 𝑃 = 0.021). FMD response showed negative
correlation with FRS (𝑟 = −0.60, 𝑃 = 0.014), baseline FMD (𝑟 = −0.54, 𝑃 = 0.011), baseline reactive hyperemia index (RHI;
𝑟 = −0.56, 𝑃 = 0.008), and central PP (𝑟 = −0.43, 𝑃 = 0.05). However, after linear regression analysis, only FRS and baseline RHI
were associated with FMD response. In conclusion, one-week dark chocolate intake significantly improved endothelial function
and reduced BP in younger hypertensive with impaired endothelial function in spite of lower cardiovascular risk.

1. Introduction
Hypertension notably contributes to the worldwide cardiovascular morbidity and mortality. Hypertensive disease seems to have a complex association with endothelial dysfunction, a phenotypical alteration of the vascular endothelium that precedes the development of adverse
cardiovascular events and anticipates future cardiovascular
risk [1]. Several studies have confirmed the connection
between hypertension and abnormal endothelial function in
the peripheral, coronary, and renal circulation, suggesting
an important mechanism, whereby hypertension promotes
the development and progression of vascular disease [1–
4]. Given that endothelial dysfunction may be reversible,

early detection of this disorder may have therapeutic and
prognostic implications [5, 6].
Lifestyle modifications, including dietary habits, have
substantial effects on risk factors for cardiovascular disease
such as hypertension [7]. Epidemiological evidence demonstrates that a diet rich in fruits and vegetables promotes
heart and vascular health [8–10]. These beneficial effects
have been largely ascribed to their content in flavonoids.
These compounds are synthesized in many edible plants and
remain present when plants are processed to foods. Grapes,
wine, cocoa and chocolate, teas, and soy are among the
most important sources of flavonoids in the human diet.
A significant number of studies have been carried out in
humans, analyzing the effect of foods rich in flavonoids on
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the presence and progression of risk factors associated with
cardiovascular disease. Cocoa derived products have been
thoroughly studied and demonstrated to be efficient improving endothelial function and decreasing blood pressure (BP)
[11–14].
Some individuals may have positive health benefits when
chocolate is ingested in moderation as part of a balanced
diet [15]. Thus, the aim of this study was to identify clinical
and vascular parameters of treated hypertensive patients
who present beneficial effects of dark chocolate on vascular
function for one-week period.

2. Materials and Methods
2.1. Study Population. Twenty-one hypertensive patients
recruited from Pedro Ernesto Hospital on stable drug therapy
over at least 4 weeks, aged 40–65 years, were included
in a prospective study. Exclusion criteria were evidence
of secondary hypertension, body mass index ≥ 35 Kg/m2 ,
coronary artery disease, kidney or thyroid disease, hormone
replacement therapy, diabetes or impaired tolerance glucose,
severe dyslipidemia (LDL-cholesterol ≥ 4.14 mmol/L and/or
triglycerides ≥ 3.39 mmol/L), use of lipid-lowering drugs,
using restricted diets (vegetarian, carbohydrate restriction),
allergy to chocolate or cocoa, and use of nutritional supplements (vitamins, minerals) for up to seven days before
the study beginning. The protocol was approved by the
local Ethics Committee Research (2415-CEP/HUPE), and
all patients gave written informed consent. This study was
registered in Clinicaltrials.gov (NCT01314924).
2.2. Flow-Mediated Dilation (FMD) of Brachial Artery. After
overnight fasting, without smoking or drinking coffee for a
least 12 h before tests, patients were examined in the supine
position in a dark, quiet, and air-conditioned room (22–
24∘ C). A linear-array transducer operating at 10 MHz was
used to acquire longitudinal images of the right brachial
artery. A standard BP cuff was positioned around the right
arm, 5 cm above the antecubital fossa. After obtaining baseline images of end-diastolic diameter of the brachial artery,
the cuff was inflated to 50 mmHg above systolic BP for 5
minutes. Longitudinal images of the brachial artery were
captured continuously for 30, 60, and 90 seconds after cuff
deflation to document the vasodilator response. FMD was
calculated as the percentage change in diameter from the
baseline value to the peak value after cuff release.
2.3. Study Design. Volunteer patients meeting the selection
criteria underwent clinical and laboratory evaluation. For
laboratory tests and vascular assessment, patients were asked
to fast for eight to twelve hours. At the first visit, patients were
instructed to maintain the habitual physical activity, usual
diet, but avoiding consumption of foods rich in flavonoids
(apples, grapes, wine, tea, and chocolate) during the intervention. All patients then received 75 g of dark chocolate with
70% cocoa, rich in flavonoids, daily for seven days.
After 1-week consumption of dark chocolate and reexamination, patients were divided according to the response
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in brachial FMD into responders (RESP) when there was at
least an increase of 1% in FMD and nonresponders (N-RESP)
when this improvement in FMD was not observed.
Total polyphenol content of the chocolate used in this
study was measured by spectrophotometry in the Laboratory
of Pharmacology at our institution. We found 42.7 mg of
polyphenols/g of dark chocolate, resulting in 3202 mg of
polyphenols in the total daily dose.
2.4. Clinical and Laboratory Analyses. Office brachial systolic
and diastolic BP were measured in the sitting position using a
validated electronic device (HEM-705CP, Omron Healthcare
Inc., IL, USA) with an appropriate cuff size. Three consecutive
readings, one minute apart, were obtained, and the average
value was used as the clinic BP.
Routine biochemical assessment included fasting glucose and lipid profile (total cholesterol, HDL-cholesterol,
triglycerides, and LDL-cholesterol calculated by Friedewald
formula). The Framingham risk score was estimated for each
patient [16].
2.5. Peripheral Arterial Tonometry (PAT). Endothelial function was also assessed by PAT using the Endo-PAT2000
device (Itamar Medical Ltd., Caesarea, Israel). PAT is a
noninvasive technique, to assess peripheral microvascular
endothelial function by measuring changes in digital arterial
pulse volume during reactive hyperemia [5].
Probes were placed on index finger of each hand, and a
BP cuff was placed on nondominant (study arm), while the
contralateral arm served as a control. Continuous recording
of pulsatile blood volume responses from both hands was
initiated. After a 10 min equilibration period, the BP cuff
on the study arm was inflated to 60 mmHg above systolic
pressure. The changes in arterial tone were elicited by a
standard 5 min occlusion of the brachial artery. The cuff
was then deflated to induce reactive hyperemia, while PAT
recording was continued. Reactive hyperemia index (RHI)
was analysed by a computer in an operator-independent
manner.
2.6. Central Hemodynamic Parameters. Radial artery applanation tonometry and pulse wave analysis were carried
out to derive central BP and other parameters using dedicated system SphygmoCor v.7 (SphygmoCor, AtCor Medical
Inc., USA). This method generates central aortic pressure
waveforms from the radial pressure waveform using a previously validated transfer function. The central pressure
waves were analyzed to identify the outgoing and reflected
components and to calculate the augmentation index (Aix),
that is, the proportion of the central pulse pressure that is
attributable to pulse wave reflection which is calculated as
augmentation pressure (AP).
2.7. Sample Size Calculation. One goal of the proposed study
is to test the null hypothesis that the mean difference (or
change) within pairs is zero. The criterion for significance
(alpha) has been set at 0,050. The test is 2 tailed, which means
that an effect in either direction will be interpreted. With the
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proposed sample size of 20 pairs of cases, the study will have
power of 80% to yield a statistically significant result.

2.8. Statistical Analysis. The results were expressed as mean ±
standard deviation (SD) or as percentages when appropriate.
In the intragroup analysis, continuous variables obtained
before and after chocolate consumption were compared by
paired t-test with a confidence interval of 95%, and the value
of 𝑃 < 0.05 was considered statistically significant. Student’s
t-test for independent samples was used for intergroup
analysis. Pearson coefficient was obtained in correlation tests
between continuous variables. Multiple linear regression,
stepwise model, was done considering FMD response as
dependent variable and those significantly correlated to this
parameter as independent variables. Statistical analysis was
performed using the Statistical Package for Social Sciences
(SPSS, Inc., Chicago, IL) version 18.0.

3. Results
Twenty-four eligible patients were identified for this study.
One patient was excluded due to high levels of fasting glucose,
and another 2 patients failed to complete the intervention
period. Thus, 21 individuals completed the study of whom 16
(76%) were female. Baseline characteristics and vascular profile of the study population are given in Table 1. A moderate
consumption (twice a week) of alcohol was reported by 38%
of patients. Regarding regular physical activity, only 4 patients
(19%) were physically active on a regular basis.
Data on drug therapy show that classes of antihypertensive drugs used by patients were thiazide diuretics (95%),
angiotensin receptor blocker (10%), angiotensin converting
enzyme inhibitor (5%), and calcium channel antagonist (5%).
From the total sample, 81% were on monotherapy (76% on
thiazides), and 19% were on a combination of two drugs.
The clinical and lipid profiles of responders and nonresponders are shown in Table 1. Mean age and Framingham risk score were significantly lower among responders.
Who also had greater impairment of endothelial function evidenced by decreased baseline brachial FMD and
RHI. In addition, responder group presented significantly
lower brachial and aortic pulse pressure than nonresponders
(Table 2).
Besides improvement in FMD, the responder group
presented significant changes in clinical parameters such as
systolic (140 ± 13 versus 131 ± 10 mmHg, 𝑃 < 0.05) and
diastolic (85 ± 7 versus 82 ± 8 mmHg, 𝑃 = 0.05) BP and
in mean arterial pressure (103 ± 9 versus 98 ± 9 mmHg,
𝑃 < 0.01).
FMD response was inversely correlated with Framingham
risk score (𝑟 = −0.60, 𝑃 = 0.014), baseline FMD (𝑟 =
−0.54, 𝑃 = 0.011), baseline RHI (𝑟 = −0.56, 𝑃 = 0.008;
Figure 1), and aortic pulse pressure (𝑟 = −0.43, 𝑃 = 0.050).
However, after multiple linear regression analysis, only the
Framingham risk score and baseline RHI were independently
associated with FMD response.
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4. Discussion
This study demonstrated that treated hypertensive subjects
responding to 7-day dark chocolate intakes with improved
endothelial function and reduced blood pressure were
younger and had less cardiovascular risk than nonresponders.
In contrast to our study, other protocols commonly
included only naive hypertensive patients with never-treated
raised BP levels or a washout period with discontinuation of
drug therapy before the intervention with chocolate [11, 17–
19]. Both groups had similar baseline blood pressure and
metabolic profiles, but responders had lower baseline FMD
and RHI than nonresponders, much as reported by Grassi et
al. [18] who described baseline FMD around 8%. Most studies
show lower values than these observed in the present study
[11, 17, 19], suggesting that those with compromised vascular
function are more responsive to chocolate. Moreover, the
higher brachial and aortic pulse pressure among nonresponder patients might indicate increased vascular stiffness in
these subjects and could be associated with resistance to
favorable effects of cocoa.
Nonresponders were older and had higher cardiovascular risk scores than responders as reportedv previously in
patients of similar ages to those in our study [21]. Recently,
Muniyappa et al. also found a significant improvement of
2.3% in endothelial function in hypertensive patients without
drug therapy after consumption of a cocoa drink for fifteen
days [19]. The consumption of 100 g of dark chocolate showed
benefits in vascular function in healthy subjects after acute
consumption of 3 hours, reflected by 1.43% improvement
in FMD and 7.8% reduction in augmentation index. These
findings also confirmed that chocolate can be beneficial
to vascular health [22]. The results of our study showed
no improvement in central hemodynamic parameters after
consumption of dark chocolate. However, the group that did
not respond in FMD, although presenting a good baseline
endothelial function, presented significantly greater values of
central and peripheral pulse pressure than those in responder group. These findings could indicate increased vascular
stiffness among nonresponder patients. The small decrease in
FMD after consumption of dark chocolate in nonresponder
group was not clinically significant because it remained in
the normal range of a good endothelial function. On the
other hand, the responder group had a significant increase in
FMD which was also clinically relevant. Patients in this group
varied from 8.4% (before chocolate) to 16.6% (after chocolate)
in FMD, demonstrating a clear improvement in endothelial
function.
To date, the gold standard noninvasive technique for
measuring endothelial function in clinical studies is the FMD
of the brachial artery [23, 24]. It has been recently shown
that PAT, which can detect abnormalities in the amplitude of
the wave digital pulse, is significantly associated with FMD
[25], and we used both methods. However, neither group
showed effects on RHI. This discrepancy might reflect the
short intervention period. Positive effects are reported on
PAT after 5-day cocoa supplementation, probably reflecting
increased nitric oxide bioavailability with cocoa [26].
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Table 1: Baseline characteristics of study population and responder (RESP) and nonresponder (N-RESP) groups.

Parameters
Age, years
Framingham risk score, %
Body mass index, Kg/m2
Systolic BP, mmHg
Diastolic BP, mmHg
Pulse pressure, mmHg
Mean arterial pressure, mmHg
Total cholesterol, mmol/L
HDL-cholesterol, mmol/L
LDL-cholesterol, mmol/L
Triglycerides, mmol/L
Fasting glucose, mmol/L
Flow-mediated dilation, %
Reactive hyperemia index, units
Augmentation pressure, mmHg
Augmentation index, %
Aortic systolic BP, mmHg
Aortic pulse pressure, mmHg

Total sample (𝑛 = 21)
57 ± 8
5.3 ± 4.7
28.2 ± 4.5
141 ± 11
82 ± 9
58 ± 9
101 ± 9
5.56 ± 1.21
1.24 ± 0.36
3.46 ± 0.72
1.56 ± 1.13
4.72 ± 0.5
10.7 ± 5.5
2.03 ± 0.71
15 ± 7
32 ± 11
130 ± 15
48 ± 10

RESP (𝑛 = 12)
54 ± 8
2.5 ± 1.8
29.7 ± 5.2
140 ± 12
85 ± 7
55 ± 9
103 ± 8
5.30 ± 0.77
1.27 ± 0.31
3.31 ± 0.67
1.41 ± 0.53
4.72 ± 0.61
8.4 ± 5.9
1.70 ± 0.63
15 ± 7
34 ± 12
128 ± 18
44 ± 10

N-RESP (𝑛 = 9)
61 ± 6∗
8.1 ± 5.1∗
26.1 ± 2.9
142 ± 8
79 ± 9
63 ± 5
100 ± 9
5.84 ± 1.52
1.21 ± 0.41
3.62 ± 0.77
1.70 ± 1.55
4.67 ± 0.39
13.8 ± 2.8∗
2.47 ± 0.51∗∗
16 ± 5
29 ± 9
133 ± 11
54 ± 6∗

P value
0.037
0.011
0.065
0.718
0.147
0.041
0.417
0.355
0.771
0.411
0.594
0.864
0.023
0.006
0.869
0.343
0.550
0.021

Results are expressed as mean ± SD. BP: blood pressure; HDL: high density lipoprotein; LDL: low-density lipoprotein. ∗ P < 0.05 and ∗∗ P < 0.01 versus responder
group.

Table 2: Clinical and vascular parameters in responder (RESP) and nonresponder (N-RESP) groups before and after chocolate consumption.
Parameters
Weight (Kg)
SBP (mmHg)
DBP (mmHg)
PP (mmHg)
MAP (mmHg)
FMD (%)
RHI (units)
AP (mmHg)
Aix (%)
Aortic SBP (mmHg)
Aortic PP (mmHg)

RESP group (𝑛 = 12)
Before chocolate
After chocolate
78.8 ± 11.9
78.3 ± 11.4
140 ± 13
131 ± 10
85 ± 7
82 ± 8
55 ± 9
48 ± 5
103 ± 9
98 ± 9
8.4 ± 5.9
16.6 ± 8.2
1.70 ± 0.63
1.87 ± 0.54
15 ± 7
11 ± 5
34 ± 13
28 ± 12
128 ± 19
121 ± 9
44 ± 10
36 ± 7

P
0.185
0.015
0.050
0.084
0.007
<0.001
0.134
0.092
0.209
0.249
0.079

N- RESP group (𝑛 = 9)
Before chocolate
After chocolate
71.2 ± 16.1
71.5 ± 16.3
142 ± 8
142 ± 10
79 ± 9
83 ± 10
63 ± 5
60 ± 7
100 ± 9
102 ± 10
13.8 ± 2.8
11.3 ± 4.2
2.47 ± 0.51
2.17 ± 0.42
16 ± 5
13 ± 10
29 ± 9
26 ± 12
133 ± 11
131 ± 18
53 ± 6
46 ± 13

P
0.403
1.000
0.276
0.313
0.368
0.030
0.124
0.323
0.299
0.732
0.127

Results are expressed as mean ± SD. SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; MAP: mean arterial pressure; FMD: flowmediated dilation; RHI: reactive hyperemia index; AP: augmentation pressure; Aix: augmentation index.

Our responders also showed reductions in blood pressure after eating chocolate as others have with untreated
hypertension and in longer studies [11, 17, 20]. Furthermore
the reductions being reported, though relatively small, are
clinically significant, since it has been found that a reduction
of 3 mmHg in systolic BP can reduce relative risk of death
from stroke by 8%, from cardiovascular disease in general
by 5%, and overall all-cause mortality by 4% [27]. In our
study, the responder group also demonstrated a reduction in
aortic systolic blood pressure and pulse pressure, although
not reaching statistical significance. This result may suggest
a less prominent effect of dark chocolate on vascular stiffness
parameters.

In a recent prospective study, Buijsse et al. investigated
the effects of chocolate consumption on BP and incidence
of cardiovascular disease after 8-year followup and found
chocolate eating reduced cardiovascular risk, largely due to
the reductions in blood pressure [28]. A new meta-analysis
supports the findings for benefit with chocolate consumption
[14], which may reflect increased polyphenol intakes which
likely improves vascular health through increased nitric
oxide bioavailability, inhibition of angiotensin-converting
enzyme stimulating the production of vasodilator factors,
and improvement of insulin sensitivity which are the most
studied pathways to explain the effect of epicatechin, a
monomer of polyphenols, on vascular function [13, 29–32].
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Figure 1: Negative correlation of flow-mediated dilation (FMD) response with Framingham risk score (a) and with baseline reactive
hyperemia index (b).

Another recent meta-analysis showed chocolate usage was
associated with reductions in risk of cardiovascular disease
by 31%, of diabetes by 37%, and of stroke by 29% [33], and
protection is greater with dark than other chocolates [34].
Our study had some limitations, especially concerning
the sample size and lack of a control group. Nevertheless,
the findings are in line with other recent observations. There
is as yet no way to identify those who will benefit from
dark chocolate consumption, but the present study provides
data that could be examined in larger randomized controlled
studies for the selection of subjects likely to benefit from
increased intakes of dark chocolate.

5. Conclusion
In conclusion, the intake of dark chocolate significantly
improved endothelial function and reduced blood pressure
in some individuals who were younger hypertensive patients
with impaired endothelial function in spite of lower cardiovascular risk.
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Piotrkowski, and M. Galleano, “Cocoa flavanols: effects on
vascular nitric oxide and blood pressure,” Journal of Clinical
Biochemistry and Nutrition, vol. 48, no. 1, pp. 63–67, 2011.
K. Ried, T. Sullivan, P. Fakler, O. R. Frank, and N. P. Stocks,
“Does chocolate reduce blood pressure? A meta-analysis,” BMC
Medicine, vol. 8, article 39, 2010.
D. Lippi, “Chocolate and medicine: dangerous liaisons?” Nutrition, vol. 25, no. 11-12, pp. 1100–1103, 2009.
R. B. D’Agostino, R. S. Vasan, M. J. Pencina et al., “General cardiovascular risk profile for use in primary care: the Framingham
heart study,” Circulation, vol. 117, no. 6, pp. 743–753, 2008.
D. Taubert, R. Berkels, R. Roesen, and W. Klaus, “Chocolate
and blood pressure in elderly individuals with isolated systolic
hypertension,” Journal of the American Medical Association, vol.
290, no. 8, pp. 1029–1030, 2003.
D. Grassi, S. Necozione, C. Lippi et al., “Cocoa reduces blood
pressure and insulin resistance and improves endotheliumdependent vasodilation in hypertensives,” Hypertension, vol. 46,
no. 2, pp. 398–405, 2005.
R. Muniyappa, G. Hall, T. L. Kolodziej, R. J. Karne, S. K.
Crandon, and M. J. Quon, “Cocoa consumption for 2 wk
enhances insulin-mediated vasodilatation without improving
blood pressure or insulin resistance in essential hypertension,”
American Journal of Clinical Nutrition, vol. 88, no. 6, pp. 1685–
1696, 2008.
D. Grassi, G. Desideri, S. Necozione et al., “Blood pressure is reduced and insulin sensitivity increased in glucoseintolerant, hypertensive subjects after 15 days of consuming
high-polyphenol dark chocolate,” Journal of Nutrition, vol. 138,
no. 9, pp. 1671–1676, 2008.
N. D. L. Fisher and N. K. Hollenberg, “Aging and vascular
responses to flavanol-rich cocoa,” Journal of Hypertension, vol.
24, no. 8, pp. 1575–1580, 2006.
C. Vlachopoulos, K. Aznaouridis, N. Alexopoulos, E.
Economou, I. Andreadou, and C. Stefanadis, “Effect of
dark chocolate on arterial function in healthy individuals,”
American Journal of Hypertension, vol. 18, no. 6, pp. 785–791,
2005.
M. C. Corretti, T. J. Anderson, E. J. Benjamin et al., “Guidelines
for the ultrasound assessment of endothelial-dependent flowmediated vasodilation of the brachial artery: a report of the
international brachial artery reactivity task force,” Journal of the
American College of Cardiology, vol. 39, no. 2, pp. 257–265, 2002.
S. Agewall, R. N. Doughty, W. Bagg, G. A. Whalley, G. Braatvedt,
and N. Sharpe, “Comparison of ultrasound assessment of flowmediated dilatation in the radial and brachial artery with upper
and forearm cuff positions,” Clinical Physiology, vol. 21, no. 1, pp.
9–14, 2001.
J. T. Kuvin, A. R. Patel, K. A. Sliney et al., “Assessment of
peripheral vascular endothelial function with finger arterial
pulse wave amplitude,” American Heart Journal, vol. 146, no. 1,
pp. 168–174, 2003.
N. D. L. Fisher, M. Hughes, M. Gerhard-Herman, and N. K. Hollenberg, “Flavanol-rich cocoa induces nitric-oxide-dependent
vasodilation in healthy humans,” Journal of Hypertension, vol.
21, no. 12, pp. 2281–2286, 2003.
P. K. Whelton, J. He, L. J. Appel et al., “Primary prevention
of hypertension: clinical and public health advisory from the

[28]

[29]

[30]

[31]

[32]

[33]

[34]

National High Blood Pressure Education Program,” Journal of
the American Medical Association, vol. 288, no. 15, pp. 1882–
1888, 2002.
B. Buijsse, C. Weikert, D. Drogan, M. Bergmann, and H. Boeing,
“Chocolate consumption in relation to blood pressure and risk
of cardiovascular disease in German adults,” European Heart
Journal, vol. 31, no. 13, pp. 1616–1623, 2010.
M. Karim, K. McCormick, and C. Tissa Kappagoda, “Effects of
cocoa extracts on endothelium-dependent relaxation,” Journal
of Nutrition, vol. 130, no. 8, pp. 2105S–2108S, 2000.
I. A. L. Persson, K. Persson, S. Hägg, and R. G. G. Andersson,
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