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Objectives: The aim of this study was to evaluate and explore the benefits of long-term dark chocolate intake
in young, healthy adults by measuring cardiovascular function.
Methods: A randomized study was conducted with 30 healthy participants ages 18 to 27 y. Half of the partici-
pants ingested a 20-g dose of lower cocoa chocolate (LCC; ~55%; 12.6 + 1.4 mg equivalent of epicatechin/g)
and the others ingested a daily dose of 20 g of higher cocoa chocolate (HCC; ~90%; 18.2 + 2.6 mg equivalent
of epicatechin/g). A baseline evaluation was performed before the participants started ingesting the assigned
chocolate for a 30-d period, after which a final evaluation was performed. Each evaluation included heart
ultrasonography, carotid-femoral pulse wave velocity (PWV) and carotid pulse wave analysis, flow-mediated
slowing (FMS), and an analysis of the ventricular—arterial coupling (VAC), which reflects the matching
between the aorta and the left ventricle (ratio of arterial elastance to left ventricle elastance).
Results: The baseline evaluation presented similar values within normal range in both groups. The positive
vascular effects were overall more distinct in the group eating the HCC. No structural modifications on the
heart were found after the intervention, notwithstanding cardiac function was improved on certain func-
tional parameters in the HCC group only. A statistically significant improvement was depicted over the bra-
chial and central systolic and pulse pressures in the HCC group, and a trend for improvement in the reflected
waves component (Aix) and the FMS was also observed in the HCC, but not in the LCC group. VAC parameters
were similar at baseline between groups, but showed a significant improvement in the HCC group after inter-
vention, increasing from 0.674 to 0.719 (P = 0.004), so that the post-intervention VAC was significantly higher
in the HCC group than in the LCC group (P < 0.05). In addition, significant variation was observed in both
groups regarding arterial and left ventricle elastances, stroke work, and potential energy, with greater mean
differences identified in the HCC group.
Conclusion: This study demonstrated that regular consumption of HCC has beneficial effects on the cardiovas-
cular system in young, healthy adults, improving vascular function by reducing central brachial artery pres-
sures and promoting vascular relaxation, and thus enhancing the matching of the arterial system with the
left ventricle.

© 2019 Elsevier Inc. All rights reserved.

Introduction

with other foods, contains a large amount of polyphenolic antioxi-
dants, flavanols in particular. The most represented flavanols in

The healthy properties of cocoa, and its derivatives, have been
the subject of extensive research, and evidence has accumulated
that identifies benefits in the cardiovascular system [1-4| These
benefits are in large measure due to the fact that cocoa, compared
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cocoa are epicatechin and catechin, which are also present in wine,
tea, and berries, and recently have been considered a biologically
active food constituent by the European Food Safety Authority [1,2].

Several intervention studies have demonstrated that flavanol-
rich cocoa exerts beneficial effects on health in general [3—-17],
such as protecting endothelial function, reducing insulin resistance
and blood pressure, improving lipid profile, and assisting in the
regulation of body weight [3,4]. Cutaneous benefits and benefits at
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the cognitive level have been identified, particularly in protecting
cognitive deterioration inherent to aging [5,6].

Regarding the benefits of cocoa flavanols at the cardiovascular
level, it is known that they are largely due to a beneficial effect on
endothelial and vascular function [1-3,7,8]. In fact, the endothe-
lium contributes to cardiovascular homeostasis, influencing factors
such as tonus and vascular permeability, platelet aggregation, and
thrombosis [9,13]. Because abnormal endothelial function is a key
event in the atherosclerosis process, it is not surprising that endo-
thelial dysfunction is a hallmark of many cardiovascular disease
states [7]. On the other hand, the increase in vascular stiffness
closely follows endothelial dysfunction, being a characteristic pro-
cess of aging [18—21]. All segments of the arterial vascular system
are involved in this process of vascular senescence, although the
underlying mechanisms remain largely to be defined and have par-
ticular significance at the level of large elastic arteries (such as the
aorta and carotid arteries). Thus, there is a high interest in dietary
interventions, among others, that are capable of delaying or even
reversing the pattern of vascular changes that follow biological
aging, a more significant aspect when we consider the demo-
graphic trends of modern times [8,22].

In line with these arguments, there is evidence to show that
both acute and chronic consumption of flavanol-rich cocoa com-
pared with a flavanol-free dietary control increases endothelium-
dependent vasodilation in humans [1-15], and the effect seems to
be dependent on the dose ingested as a function of the percentage
of flavanols that are present in cocoa [10,11,13,14,16]. Most of the
data suggest that the mechanisms underlying this response are
related to the increased bioavailability of nitric oxide by a direct
activation of the nitric oxide-endothelial synthetase, largely pro-
vided by the epicatechins [1,2,9,13]. On the other hand, these have
the capacity to reduce the production of reactive oxygen species,
which are responsible for reducing the bioavailability of nitric
oxide and impairing normal endothelial function, thus disturbing
the balance between vasodilators and vasoconstrictors [9—-12]. In
addition to these aspects, cardioprotection also may result from
factors such as reduction of oxidative stress, inhibition of low-
density lipoproteins, oxidation and platelet aggregation, vasodilation
of blood vessels, inhibition of monocyte adhesion in vascular endothe-
lium, the promotion of fibrinolysis, anti-inflammatory activity, and
improved mitochondrial structure or function [13,23,24].

Although the benefits of cocoa on endothelial function are well
documented in the general population, and in several clinical

contexts, it is notoriously less representative in young, healthy
populations. On the other hand, less is known about its effect on
the matching of heart and vascular function, as expressed with
ventricle—arterial coupling (VAC) measurements [25-27], which
provides an integrated insight into the mechanistic implications of
changes in the arterial dynamics, as measured with aortic pulse
wave velocity (PWV) and carotid pulse wave analysis (PWA), in the
overall heart function. Thus, the aim of this study was to evaluate
and explore the benefits of long-term dark chocolate intake in
young, healthy adults by simultaneously measuring its effect on
the heart and arterial function.

Methods
Study design

A randomized, double-blind design was used, comparing two objects of study: a
control group assigned to chocolate with lower cocoa content (LCC; comparatively
lower flavanol content) and an intervention group assigned to chocolate with higher
cocoa content (HCC; higher in flavanol content). Participants were randomized into
each group and a baseline evaluation was performed before they began the inter-
vention period, eating 20 g/d of the assigned chocolate type for 30 d in a row. To
study the effects of long-term intake and not the acute effects, the final evaluation
was accomplished 2 d after participants stopped eating the chocolate.

Study population

Participants between 18 and 35 y of age were recruited from the academic
population at the Polytechnic Institute of Coimbra. Exclusion criteria included
presence of any chronic diseases, including hypertension, diabetes, and dyslipide-
mia; taking any sort of medication or dietary supplement; high to moderate con-
sumption of alcoholic beverages; pregnancy; and allergy or intolerance to dark
chocolate or its constituents. A standard questionnaire and a clinical evaluation
were assembled to categorize the conditions for each participant. Thirty-eight vol-
unteers were evaluated for eligibility. Four individuals did not meet the inclusion
criteria and four declined to complete the trial. Finally, 30 healthy individuals
(mean age 19.9 + 1.7 y) were included in the study (Fig. 1). To assess the food pat-
tern of the participants, the Portuguese version of the PREDIMED questionnaire
was used [28,29], and a mean overall score of 6.9 4+ 2.2 was obtained for the
included participants.

The study was conducted according to the guidelines of the Declaration of Hel-
sinki and approved by the Ethics Committee of the Health Sciences Research Unit.
Anonymity and confidentiality of the collected data were assured because the
study was developed for scientific purposes only, free of any financial or economic
interests. All participants signed an informed consent before the study.

Intervention: Chocolate

The two types of chocolate used in the study had similar nutritional ingre-
dients, only differing in the percentage of cocoa and the amount of epicatechins
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Fig. 1. CONSORT flow diagram of selection of participants HCC, higher cocoa content; LCC, lower cocoa content [30].
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Table 1
Nutritional information of the chocolate used in the study

Nutritional information per 20 g Chocolate 90% cocoa Chocolate 55% cocoa

Energy value (kcal) 119 108
Lipids (g) 10 7

(of which saturated fatty acids) (g) 6 5
Carbohydrates (g) 4 8

(of which sugar) (g) 2 4
Fibers (g) 3 3
Proteins (g) 3 2
Salt (mg) 4 7
Epicatechin (mg epicatechin/g 18.19 + 2.64 12.61 +1.35
of sample)

(Table 1). A sample of both chocolates were analyzed according to a previously
described method [31,32]. A conventional sonication extraction technique was
employed to extract the polyphenols from cocoa and cocoa products, and after-
ward the Folin-Ciocalteu reducing capacity was estimated as epicatechin equiva-
lents (EE), expressed as mg/g of sample [31,32]. LCC presented an amount of 12.6
+ 1.4 mg/g of sample, and HCC estimated epicatechin content was 18.2 + 2.6 mg/g
of sample. The chocolate for the intervention group had 90% cocoa and for the con-
trol group a chocolate with 55% cocoa was adopted, both types in tablets of 100 g.
Participants received the chocolate in dose packages of 20 g covered in aluminum
foil, not revealing information of the content. Participants were therefore blinded
to the type of chocolate they were eating. Also, the researchers responsible for the
clinical measurements were blinded to the type of chocolate for each participant.

Outcomes

Echocardiography

The transthoracic echocardiogram (TTE) was performed using a Vivid I (GE
Healthcare, Chicago, IL, USA) and a 1.7/3.4 MHz probe by the same highly experi-
enced examiner. A full TTE examination with standard projections was performed
on each participant complying with the international recommendations [33]. The
measurements were attained after three repeated cycles. With the probe in a para-
sternal two-dimensional long-axis view, values on interventricular septum, poste-
rior left ventricle (LV) wall thickness, and internal dimensions of LV were attained
according to the guidelines [33]. The apical four- and two-chamber views provided
the basis for the volumetric analysis of the LV and of the left atrium (LA). Left
atrium volume index was determined with modified Simpson's rule and body sur-
face area correction. Simpson method was applied to evaluate LV ejection fraction
(LVEF), and Devereux's formula for LV mass [34]. A combination of LV outflow
Doppler method, area of LV outflow tract, and LV time-velocity integral allowed
for the estimation of the stroke volume (SV) of the participants [35]. In the four-
chamber apical view, pulse-wave Doppler was used to determine diastolic filling
velocities for early (E) and late (A) peak, the E-to-A ratio, and E-wave deceleration
time. Tissue Doppler imaging of the mitral valve was performed from a septal and
lateral view, from which mean values were obtained for early diastolic annular
velocities (e’). From the ratio E-to-e’ on the left side, the LV filling pressure was
assembled [36]. Thoracic ascending (tubular) aorta diameters were measured 2 to
3 cm above the level of the aortic valve, with the leading edge-to-leading edge
technique [34]. Dimensions of the aortic arch and descending aorta were measured
from the substernal view.

Aortic pulse wave velocity and carotid pulse wave analysis

Carotid-femoral PWV, a measure of aortic stiffness, and carotid PWA were
assessed simultaneously with the Complior Analyse device (Alam Medical, Saint-
Quentin-Fallavier, France) according to a previously described technique [20]. The
measurements were made with the participants in a supine position with the neck
in a slight hyperextension, and slightly rotated to the left, after a resting period of
10 min. Brachial blood pressure (bBP) was measured and entered on the Complior
Analyse (Alam Medical, Smyrna, GA, USA) software, and then signal acquisition
was launched. When the operator observed pulse waveforms of adequate quality,
simultaneous carotid and femoral pressure curves were recorded for 15s. The dis-
tance travelled by the pulse waveforms was measured between the two recording
sites directly on the body surface and was automatically corrected according to
the equation “0.8 x direct distance,” subtracting the manubrium-to-carotid dis-
tance as previously recommended [20,21]. The aortic transit time was calculated
according to the intersecting tangent algorithm, as previously recommended
[20,21]. PWV was then calculated using measurements of transit time and cor-
rected distance travelled by the pulse wave, between the two recording sites:

corrected distance (meters)
PWV (m/s) = time (seconds) ‘

The averaged carotid waveform for pulse wave analysis was extracted from
the 15s recording window of carotid pulse waves acquired during the PWV proce-
dure and were calibrated with brachial diastolic blood pressure (bDBP) and mean
arterial pressure (bMAP). The pressure curve was analyzed, and its morphologic
and temporal components were extracted for analysis. Central systolic blood pres-
sure (cSBP), central pulse pressure (cPP), augmentation pressure (AP), augmenta-
tion index (Aix), augmentation index corrected for heart rate (Aix@75),
amplification of systolic (SAmp) and pulse pressure (PPratio), ventricular ejection
time (LVET), diastolic filling time (DT), the dP-to-dt relation, and the Buckberg sub-
endocardial viability index (SEVI) were assessed by analyzing the morphology and
timeline of the curves.

All measurements were performed by a highly experienced operator, with
high reproducibility scores, as previously published [37], and a noteworthy con-
cordance between invasive arterial parameters and the Complior-based pulse
wave analysis method, which also has been previously documented [38].

Ventricle—arterial coupling

VAC reflects the matching between the arterial system and the LV, and is
expressed as the ratio of arterial elastance (Ea) to LV elastance (Elv). [26] The Ea is
an integrated index of net arterial load that is imposed to LV work, and Elv is an
index of contractility and systolic stiffness of myocardium. The matching of both
elastances provides greater cardiovascular efficiency and optimal transfer of blood
from the LV to the aorta, thus maintaining BP, LV pressure, and cardiac output (CO)
in a physiologic range at the highest myocardial energetic efficiency [27]. A VAC of
1 reflects the perfect balancing between the Ea and the Elv [26]. The non-invasive
assessment of Ea and Elv was determined using end systolic pressure derived from
the arterial waveform using the Complior Analyse (as previously described) and
the end systolic volume of the LV and the SV, obtained from the echocardiogram
(as described earlier). Table 2 indicates the main equations applied to derive the
VAC parameters and other hemodynamic data of interest.

Flow-mediated slowing

The FMS has been suggested as an alternative method to evaluate endothelial
function [39—41]. As such, a flow-mediated dilation procedure was implemented
complying with the methodological recommendations [42,43], and FMS was calcu-
lated according to a previously described technique [39—41]. Resting brachial PWV
was acquired in the right arm using the Complior Analyse device, simultaneously
with the measure of aortic PWV and PWA. For this, a probe with piezoelectric crys-
tals was placed on the right radial artery using a specific holder, while the two
other probes were placed in the ipsilateral carotid and femoral arteries. The probes
were adjusted to ensure the acquisition of pulse waves with suitable reproducibil-
ity, stability, and amplitude. The distance between the radial and carotid points
was measured directly. The brachial PWV corresponded to the distance (d) divided
by the carotid-radial pulse wave transit time. Subsequently, a cuff was placed on
the forearm and was inflated into a suprasystolic pressure (50 mm Hg above the
previously measured systolic blood pressure), keeping the ischemia for a 5-min
period, after which the cuff was deflated. Approximately 1 min after complete
deflation of the cuff, brachial PWV was repeated. The FMS was calculated as the
percentage of variation in brachial PWV, from resting to postreactive hyperemia.
According to the Moens-Korteweg equation, PWV is dependent on the arterial
diameter, hence, an increase of the arterial radius that follows the FMD protocol in
participants with good endothelial function will result in a deceleration (reduc-
tion) of brachial PWV after reactive hyperemia [39-41].

Procedure

To avoid an effect on the results from other food products, the participants
were told not to consume berries, fruits, jellies and preserves, tea or other infu-
sions, coffee, cocoa, soy products, caffeinated energy drinks, vegetables (excluding
potatoes), and alcoholic beverages, on the day before the evaluations. Participants
were instructed not to perform any intense physical training or smoking during
the 2 h before data collection.

Table 2

Formulas for calculating ventricle—arterial coupling
Ventricle—arterial coupling Ea/Elv
Arterial elastance ESP/SV
Ventricular elastance ESP/ESV
Stroke work ESP x SV
Potential energy ESP x ESV/2

Ea, arterial elastance; Elv, left ventricular elastance; ESP, end-systolic pressure; SV,
stroke volume.
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The baseline and the post-intervention evaluations were completed in the
same means in both groups, and each procedure was performed by the same expe-
rienced examiner. Sampling of data was carried out in the morning, starting with
questionnaires on the Portuguese version of the Profile of Mood States (POMS)
[44], perceived happiness through the first item of the Fordyce Happiness Meas-
ures [45], and self-satisfaction according to the Organization for Economic Cooper-
ation and Development estimation [46]. Height and weight of the participants was
measured with a standard scale. Body mass index (BMI) was estimated as weight/
(height?). Afterward, the participants rested for 10 min and bBP was measured
with a validated oscillometric device. Echocardiographic examination and PWV/
PWA were then conducted according to the methods described previously. All the
operators were blinded for the intervention and group allocation.

At the end of the baseline evaluation, participants were given the individual
doses of chocolate, in accordance with the randomized table, and were instructed
to comply with the dosage and maintain their habitual lifestyle. The participants
were asked to bring any remaining chocolate to the post-intervention evaluation
to allow a compliance analysis. The rate of compliance was similar in both groups
(>95%), and no side effects were reported by the participants.

Statistical analysis

Data was gathered in Excel 2016 (Microsoft Office, Redmond, WA, USA) and
then imported to SPSS version 24 (IBM, Armonk, NY, USA) for statistical analysis.

Categorical variables were reported as frequencies and percentages, and x? or
Fisher exact tests were used when appropriate. The Shapiro—Wilks test was used
to confirm normal distribution of all continuous variables, expressed as mean + SD.
Variables with a non-normal distribution were log-transformed. Student's t test
was applied for baseline group comparisons. Individual variables were checked for
homogeneity of variance via Levene's test. A two-factor mixed-design analysis of
variance was used to evaluate modifications of variables between the baseline to
the post-intervention evaluation in each and between groups. The Greenhouse-
Geisser correction was used when sphericity was violated, and the Bonferroni
adjustment was adopted for multiple comparisons designed to locate the signifi-
cant effects of a factor. For between-groups comparison, an additional analysis of
covariance was performed over the post-intervention data, adjusting for the base-
line data (entering as a covariate into the model). A two-tailed P < 0.05 was con-
sidered significant. The magnitude of the effects was also checked with the m2
value.

Results
Baseline characteristics of the participants

In the sample of 30 participants (26 women and 4 men), the
mean age was 19.9 + 1.7 y, ranging from 18 to 27 y, with a mean

BMI of 22.9 + 3.4 kg/m?. Risk factors were reported in 5 individu-
als, family history of cardiovascular disease in 10, smoking habits
in 1, and a mild consumption of alcohol and coffee was identified
in 20 and 19 participants, respectively. Of the participants, 10% fol-
lowed a Mediterranean diet, based on the PREDIMED individual
score, and the average PREDIMED was 6.9 + 2.2 for the total popu-
lation. For the self-assessed questionnaire on psychological varia-
bles, the total score on POMS was 78.1 + 27.2, the degree of
happiness was 7.2 + 1.2, and self-satisfaction was 6.5 + 1.5 on
average. According to the baseline measurements, no statistical
significance in between-group differences were found (Table 3).

Vascular effect of the intervention

The effects of the dark chocolate intake on bBP is depicted for
both groups in Table 4. As shown, no significant differences were
observed regarding the baseline for all considered variables. After
intervention, bSBP and bDBP significantly decreased in both
groups, although the magnitude of the effect was larger in the HCC
group: bSBP mean reduction of 2.4 mm Hg versus 3.5 mm Hg,
respectively, in the LCC and HCC groups; bDBP mean reduction of
1.7 mm Hg versus 2.3 mm Hg, respectively, in the LCC and HCC
groups. The greater reduction observed in the HCC group led to sig-
nificant differences in these parameters after intervention, with the
HCC group showing lower bSBP and bDBP mean values (P=0.036
and 0.024, respectively). Similar direction of effect was observed
for bMAP, but no significant differences were identified regarding
bPP and heart rate (HR).

In terms of arterial hemodynamics, no differences were identi-
fied in the baseline parameters between groups. After intervention,
a significant reduction in aortic PWV was observed in both groups,
although reaching statistical significance only in the HCC group
(Fig. 2). Post-intervention cfPWV was measured to 6 + 0.9 m/s in
LCC and 5.5 + 0.8 m/s in HCC (P < 0.05). Similar results were
observed concerning cSBP, cPP, and the Alx, all showing a trend for
a reduction after the intervention, reaching the statistical signifi-
cance criterion only for the HCC group (Fig. 2). Post-intervention
cSBP was 106.9 + 15.1 mm Hg in LCC and 98.3 + 5.5 mm Hg in HCC

Table 3

Characteristics of the selected participants
Variables Total (N =30) LCC (n=15) HCC (n=15) P-value*
Age,y 199+1.7 204 +2.1 195+ 1.1 0.140
Male/Female, n (%) 4(13.3)/26 (86.7) 1(6.7)/14(93.3) 3(20)/12 (80) 0.283
Weight (kg) 62.7 +12.6 613 +13.6 642 + 124 0.540
Height (m) 1.7 £0.1 1.6+£0.1 1.7 £0.1 0.497
BMI (kg/m?) 229436 226443 232429 0.655
Waist (cm) 724498 70.8+9.3 74.1 +£10.1 0.360
Hip (cm) 96.8 + 8.2 96 +10.3 97.6 £ 5.7 0.595
PREDIMED score 6.9+22 6.8 +22 71+£22 0.744
POMS total score 78.1+£27.2 773 +274 78.9 +28 0.881
Happiness degree 72+1.2 72+13 72+12 0.941
Satisfaction degree 6.5 £1.5 64+1.1 6.5+1.8 0.810
Risk factors
Yes/No, n (%) 5(16.7)/25 (83.3) 3(20)/12 (80) 2(13.3)/13 (86.7) 0.624
Family history of CVD
Yes/No, n (%) 10(33.3)/20(66.7) 7(46.7)/8 (53.5) 3(20)/12 (80) 0.121
Smoking habits
Yes/No, n (%) 2(6.7)/28 (93.3) 1(6.7)/14 (93.3) 1(6.7 /14 (93.3) 1.000
Alcohol consumption
Yes/No, n (%) 20(66.7)/10 (33.3) 10 (66.7)/5 (33.3) 10 (66.7)/5 (33.3) 1.000
Coffee consumption
Yes/No, n (%) 19(63.3)/11(36.7) 9 (60)/6 (40) 10(66.7)/5 (33.3) 0.705
Diet Mediterranean
Yes/No, n (%) 3(10)/27 (90) 1(6.7)/14 (93.3) 2(13.3)/13 (86.7) 0.543

BMI, body mass index; CVD, cardiovascular disease; HCC, higher cocoa content; LCC, lower cocoa content; POMS, profile of mood states.

*P-value, LCC vs HCC.



T. Pereira et al. / Nutrition 63—64 (2019) 175-183 179
Table 4
Mean values of bBP at baseline and after intervention for the two groups showing the difference between the groups and P-value

Variables LCC(n=15) HCC(n=15) P-value (LCC vs HCC)

bSBP (mm Hg) Baseline 119.7 £12.7 1147 £ 94 0.224
Post-intervention 1173 £12 111.1+£76 0.036
Difference 24 -3.5
P-value (ANOVA) 0.047 0.022

bDBP (mm Hg) Baseline 72.3 £10.6 70+9.7 0.546
Postintervention 70.6+79 67.7 + 6.6 0.024
Difference -1.7 -2.3
P-value (ANOVA) 0.049 0.031

bPP (mm Hg) Baseline 475+8 447 £9.5 0.391
Post-intervention 46.7 £9.7 435 +6.1 0.490
Difference -0.7 -1.2
P-value (ANOVA) 0.687 0.567

bMAP (mm Hg) Baseline 88 +£10.8 84.9 + 8.6 0.398
Post-intervention 86.2 +8.3 822+6.3 0.011
Difference -1.8 -2.7
P-value (ANOVA) 0.045 0.018

Heart rate (beat/min) Baseline 65.1 £6.8 69.3 + 8.8 0.161
Post-intervention 644 +72 67.1 +£10.8 0.716
Difference -0.7 -2.1
P-value (ANOVA) 0.523 0.299

ANOVA, analysis of variance; bSBP, brachial systolic blood pressure; bDBP, brachial diastolic blood pressure, bPP; brachial pulse pressure; bMAP, brachial mean arterial pres-

sure; HCC, higher cocoa content; LCC, lower cocoa content.

(P < 0.05), cPP was 40.5 4 12.8 mm Hg in LCC, and 34.8 + 9 mm Hg
in HCC (P=0.17), and the Alx was —13.2 & 14.9% in LCC and —21.1
+21.1%in HCC (P < 0.05).

Other aspects of central arterial hemodynamics were compared
and are shown in Table 5. No baseline differences were observed
between groups, and no significant variation was depicted for the
diastolic time or for the LVET. Importantly, the SEVI increased after
the intervention in both groups, with a greater magnitude of the
effect in the HCC group: mean increase of 13.7% in the LCC
group versus mean increase of 49.6% in the HCC group. The

post-intervention mean SEVI was thus significantly greater in the
HCC group than in the LCC group (180.3 & 18.7 and 156.7 &+ 17.1,
respectively; P=0.001). In addition, FMS as an indirect measure of
endothelial function was also positively modulated with the inter-
vention, increasing in both groups, with a significantly larger
increase in the HCC. In fact, the FMS increased from 6.8% + 3.6% to
14.6% + 4.4% in the HCC (mean increase of 7.8%) and increased
from 6.3% 4 2.9% to 8.9% + 4.7% in the LCC (mean increase of 2.6%),
with significant differences in the mean FMS after the intervention
between groups (P < 0.001).

A) Pulse wave velocity B) Augmentation index
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Fig. 2. Central arterial hemodynamics showing the difference from evaluation at baseline and post-intervention for group with LCC and for HCC group in (A) pulse wave
velocity, (B) augmentation index, (C) central SBP and (D) central PP. HCC, higher cocoa content; LCC, lower cocoa content; ns, not significant; PP, pulse pressure; SBP, systolic

blood pressure.
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Table 5
Arterial hemodynamics and FMS at baseline and after intervention for the total sample and the two groups; showing the difference between the moments of evaluation and
P-value
Variables Total (N =30) LCC(n=15) HCC(n=15) P-value
LVET (ms) Baseline 346.2 +£99.3 334 +£52.7 358 +£131.6 0.521
Postintervention 348.7 +£76.1 360.6 + 104.2 336.1 + 28.6 0.309
Difference 22 26.3 -21.9
P-value (ANOVA) 0.915 0.346 0.47
DT (ms) Baseline 565 + 160.7 608.9 + 108.3 521+ 194 0.137
Post-intervention 583.5 +126.7 585.4 +90.5 581.5 £ 158.2 0.567
Difference 18.5 -235 60.5
P-value (ANOVA) 0.529 0.474 0.22
SEVI (%) Baseline 136.9 +41.8 143 +28.2 130.7 £52.3 0.431
Post-intervention 168.5 +21.6 156.7 £ 17.1 180.3 + 18.7 0.001
Difference 31.6 13.7 49.6
P-value (ANOVA) 0.001 0.031 0.004
FMS (%) Baseline 6.6 £3.2 63+29 6.8 +3.6 0.698
Post-intervention 11.8+53 89+47 146 +4.4 <0.001
Difference 5.2 2.6 7.8
P-value (ANOVA) <0.001 0.007 <0.001

ANOVA, analysis of variance; DT, diastolic filling time; FMS, flow-mediated slowing; HCC, higher cocoa content; LCC, lower cocoa content; LVET, left ventricular ejection time;

SEVI, subendocardial viability index.

Cardiac structural and functional effect of the intervention

The structural dimensions from TTE at baseline evaluation were
within normal range and the mean values did not differ between
the groups (Table 6). These data did not change significantly from
baseline to post-intervention, indicating no structural effect of the
intervention over the heart.

Regarding functional data, the results also showed values
within normal range and no statistically difference between the
groups at baseline (Table 7). After the intervention, significant
changes were observed only in the HCC group, with a significant
increase in the LV shortening fraction (from 37.3 + 3.4% at baseline
to 45.3 4+ 11.6% after the intervention; P=0.034), a trend for an
increase in LVEF (from 67 + 4.5% at baseline to 69.3 + 4.7% after
intervention; P=0.082), and a significant increase in the mean
mitral E wave velocity (from 78.1 & 12.00 cm/s at baseline to 84.3
+ 11.9 cm/s post-intervention; P=0.019). Notwithstanding the
improvement in these variables in the HCC group, no significant
differences were seen in the between-group comparison of the
post-intervention values. No significant variations were identified
in the other analyzed functional parameters. Also, although mean
CO increased in the HCC group compared with the LCC group, the
difference was not significant.

Additional functional data were extracted from the tissue Dopp-
ler imaging, showing no baseline significant differences between

groups and values within the normal range. After intervention, no
significant differences for the two groups were identified, with the
exception of the lateral A wave in the HCC arm (P=0.038). The
diameter and flow velocities of the ostial portion of both right and
left coronary arteries were also inspected through echocardiogra-
phy in a parasternal short-axis projection at the level of the aortic
valve. No significant variations were depicted in either group after
the intervention program.

Effect of intervention on the VAC

VAC parameters were similar at baseline between groups, but
showed a significant improvement in the HCC group after interven-
tion, increasing from 0.67 to 0.72 (P=0.004), so that the post-
intervention VAC was significantly higher in the HCC group than in
the LCC group (P < 0.05), as shown in Figure 3 and Table 8.

In addition, significant variation was observed in both groups
regarding arterial stroke work and potential energy, with greater
mean differences identified in the HCC arm, as depicted in Table 9.

Discussion
The search for health benefits associated with cocoa ingestion

has motivated extensive research [1-17], and although many stud-
ies provided support of the beneficial properties of cocoa, the full

Table 6

Structural cardiac values at baseline of the two compared groups
Variables LCC(n=15) HCC (n=15) P-value
Intraventricular septum, D (mm) 69+03 7 £0.5 0.243
Intraventricular septum, S (mm) 105+ 1.1 106 +1.4 0.831
LV diameter, D (mm) 50.6 + 5.1 50.8 +4.4 0.893
LV diameter, S (mm) 30.7 £3 31.9+4 0.377
LV posterior wall, D (mm) 69+0.3 69+ 04 0.451
LV posterior wall, S (mm) 159+14 153 +1 0.162
LV relative wall thickness (mm) 27+2 27+13 0.805
LV volume, D (mL) 124.7 £29.8 124.6 £26.3 0.998
LV volume, S (mL) 49,5+ 14.3 54.1+17 0.435
LV mass, D (g) 116.9 £27.3 120.3 £27.8 0.739
LV index mass, D (b/m?) 69.7 £12 70+10.8 0.951
Aortic root diameter (mm) 25+26 25.8+3.2 0.473
Left atrium area (cm?) 125+£29 123 +£2.1 0.827
Right atrium area (cm?) 11.7 £ 24 123 +1.8 0.490

D, diastole; HCC, higher cocoa content; LCC, lower cocoa content; S, systole; LV, left ventricle.
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Table 7
Functional data from echocardiogram showing the values at baseline and post-intervention and P-values

Variables LCC (n=15) HCC(n=15) P-value

LV ejection fraction (%) Baseline 69.3 £3.1 67 +£4.5 0.117
Post-intervention 68.1+5.3 69.3 +4.7 0.268
P-value (ANOVA) 0.456 0.082

LV shortening fraction (%) Baseline 392 +27 373+34 0.094
Post-intervention 443 +133 453 +11.6 0.759
P-value (ANOVA) 0.127 0.034

Mitral E wave velocity (cm/s) Baseline 78 £11.3 78.1+12 0.975
Post-intervention 83.6+ 104 843 +11.9 0.866
P-value (ANOVA) 0.108 0.019

Mitral A velocity (cm/s) Baseline 453 +75 459+ 11.6 0.853
Post-intervention 44 + 8.2 45.7 £ 11.1 0.629
P-value (ANOVA) 0.555 0913

E/A Baseline 1.8+0.3 1.8+0.5 0.891
Post-intervention 21+05 1.9+05 0.223
P-value (ANOVA) 0.034 0514

Ele’ Baseline 6.5+1.3 6.5+ 0.9 1
Post-intervention 69+1 99+1.1 0.853
P-value (ANOVA) 0334 0.014

Tricuspid E wave velocity (cm/s) Baseline 589 + 14.1 58.7 £9.5 0.964
Post-intervention 624 +8.9 60.7 £ 8.9 0.607
P-value (ANOVA) 0.393 0.568

Tricuspid A velocity (cm/s) Baseline 33+8 33.8+12.2 0.833
Post-intervention 29+7.7 32+7 0.291
P-value (ANOVA) 0.133 0.585

Cardiac output(L/min) Baseline 59+13 59+1.1 0.896
Post-intervention 58+14 62+14 0417
P-value (ANOVA) 0.932 0.263

ANOVA, analysis of variance; HCC, higher cocoa content; LCC, lower cocoa content; LV, left ventricle.

understanding of the underlying mechanisms are not yet
completely identified, particularly in young adults. In the present
study, the vascular effects observed after the intervention were in
line with previous research [1,3,4,6]. The reduction of both diastolic
and systolic BPs occurred in both groups, but was larger in the HCC
group, thus indicating that a higher cocoa content, and thus higher
amount of epicatechin, has a stronger ability to reduce BP. This
result correlates with a study conducted on Kuna Indians, where
the findings indicated a strong relation with normotensive individ-
uals and a high cocoa intake [11]. This positive association was also
observed for aortic PWV, in which a significant decrease was
depicted for the HCC group, translating into a less stiff aorta than at
basal evaluation, thus resulting in a better overall cardiovascular
profile [10,12,20,21]. In line with this argument, the increase of the
SEVI, which was significantly higher in the HCC group, reflects an
improvement in myocardium perfusion [19] and is intertwined
with the results for the FMS, an indirect indicator of endothelial
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Fig. 3. Comparative variation of the ventricular—arterial coupling estimation in the
LCC and HCC groups. Ea, arterial elastance; Elv, left ventricle elastance; HCC, higher
cocoa content; LCC, lower cocoa content. *P < 0.05.

function [39—-41]. This reveals an improvement of the endothelial
function, to a greater extent in the HCC group, which is aligned
with a large body of previous research [1], and clearly demon-
strates the benefits of cocoa on the endothelium. This pinpoints
this association as the reason for the majority of the vascular bene-
fits attributable to cocoa, and particularly to the isomer epicate-
chin, which was shown to endorse the release of nitric oxide, to
increase the sensitivity of the nitric oxide receptors to its relaxing
effect, and vis-a-vis, leading to vasodilation, less peripheral resis-
tance, more relaxation in the arterial wall, and consequently,
reducing BP, PWV, and the reflected wave's magnitude
[1,2,7,8,16,17].

The positive vascular modulation associated with the consump-
tion of HCC also produced relevant changes in the interaction of
the LV and the aorta, as measured through the VAC parameter. The
significant enhancement in the VAC in the HCC group indicates a
better matching between the heart and the aorta, contributing to
an optimized LV performance, better stroke work, and less ener-
getic cost, indicating more efficient LV mechanical work [25-27].
To the best of our knowledge, this is the first study to identify ben-
efits of cocoa in VAC, integrating benefits in vascular dynamics
with heart function. Although an improvement in the mechanical
matching of the aorta and the LV was found after the intervention,
no significant changes were identified in the heart, as evaluated by
several anatomic and functional measures obtained through car-
diac ultrasonography. Of course, this finding was expected consid-
ering the particular profile of the population, with all participants
being quite young and healthy, and also considering the short
intervention period (30 d). Even so, significant variations were
observed in some functional parameters in the HCC group,
although with a small magnitude. Mainly, the shortening fraction
and the EF of the LV both increased slightly, but significantly, in the
HCC group, accompanied by similar favorable changes in the mitral
E wave velocity, which may be a consequence of the improvement
in the overall mechanical coupling of the LV and the arterial
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Table 8

Variation in hemodynamic endpoints from baseline to 1 mo of daily consumption of 20 g dark chocolate in the LCC and HCC groups

LCC(n=15) HCC(n=15) Differences at 1 mo
Baseline 1mo Baseline 1 mo HCCvs LCC P-value*
VAC (Ea/Elv) 0.67 + 0.06 0.69 + 0.05 0.67 + 0.06 0.72 + 0.06 0.04 (0.14 to 0.06) 0.01
PWV (m/s) 6.1+09 6+09 58+0.7 55408 —0.58 (—1.20 to —0.06) 0.04
cSBP (mm Hg) 108.4 +13.8 106.9 £ 15.1 102 £5.3 983 +55 —8.60(—17.10 to —0.10) 0.04
cPP (mm Hg) 41.1+£11.5 40.5 +12.8 359+9.6 34.8 +90 —0.60 (—4.20 to 3.00) 0.72
AIX (%) -8.7+188 -132+£149 -12.1+£224 -21.1+£21.1 —4.90 (—8.60 to —1.10) 0.01

Alx, augmentation index; cPP, central pulse pressure; cSBP, central systolic blood pressure; Ea, arterial elastance; Elv, left ventricle elastance; HCC, higher cocoa content; LCC,
lower cocoa content; PWV, carotid-femoral pulse wave velocity; VAC, ventricle—arterial coupling.

Mean = SD or mean (Bonferroni-corrected 95% Cls).
*Derived by using 1-factor analysis of covariance with baseline value as covariate.

Table 9
Variation in stroke work and potential energy from baseline to post-intervention in the total participants and, comparatively, in the LCC and HCC groups
Variables Total (N =30) LCC(n=15) HCC(n=15) P-value
Stroke work (mm Hg x mL) Baseline 85.8 +£13.7 89.8 £15 81.8+113 0.113
Post-intervention 78.6 +13.9 849+ 13.7 723 +11.2 0.024
Difference -7.2 -4.9 -9.5
P-value (ANOVA) <0.001 0.005 0.001
Potential energy (mm Hg x mL) Baseline 27.6 £10.1 272+113 28+9.2 0.844
Post-intervention 26.1+93 25.7+10.1 26.4 +8.7 0.990
Difference -1.6 -15 -1.6
P-value (ANOVA) 0.001 0.035 0.011

ANOVA, analysis of variance; HCC, higher cocoa content; LCC, lower cocoa content;

system, resulting in an optimization of both the filling and the con-
traction of the LV. Some studies have suggested an important role
of the ascending aorta in the diastolic component of the cardiac
cycle, acting as a spring that contributes, along with the twisting
and torsion movements of the LV, to a suction effect that facilitates
LV filing and translates into a better diastolic function [27].

The present study had several limitations that should be consid-
ered. The small number of participants is a significant aspect,
despite the results being consistent in the most relevant outcomes
considered in the study. Information on flavanol absorption and
plasmatic concentration would also provide further relevant infor-
mation, but the high cost of such methodology made it unviable for
the present study. Furthermore, a more thorough and refined com-
ponent analysis of the chocolates, based on high-performance lig-
uid chromatography, would provide more detailed information
about relevant nutritional differences, but the high cost and lack of
funding made this option unviable. The study enrolled only
healthy, young participants with good overall cardiovascular
health, so the expected degree of improvement with cocoa inges-
tion was necessarily limited. Even so, most studies addressing the
health benefits of cocoa have been conducted mainly in middle-
aged adults and patients with cardiovascular diseases; therefore,
approaching the biological effects of cocoa in a young population is
an innovative feature of potential interest for early primary cardio-
vascular prevention, taking into account the benefits that were
observed in association with the consumption of HCC chocolate.

Conclusion

The present study demonstrated that the regular consumption
of a small amount (20 g/d) of HCC dark chocolate provides cardio-
vascular benefits in young, healthy adults, providing an enhance-
ment in the heart and vascular matching as measured with the
VAC parameter. The extent to which cocoa may interact with other
healthy lifestyles strategies remains to be explored, and further
research is needed to clarify the underlying mechanisms and to

define optimal amounts of regular cocoa rich dark chocolate
intake.
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