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ABSTRACT

Introduction This prospective pharmacodynamic
nutraceutical study assessed the effect of a 1-week trial
of 30 g/day of 65% cocoa (dark chocolate) (Theobroma
cacao L.) consumption intervention on platelet reactivity.
Methods Patients with stable coronary artery disease
(CAD) (n=20) who were on maintenance dual antiplatelet
therapy of aspirin (ASA) 81 mg/day and clopidogrel
75mg/day were recruited. Platelet function was
evaluated with the VerifyNow P2Y, reaction unit (PRU)
and aspirin reaction unit (ARU) assays (Werfen, Bedford,
Massachusetts, USA) and assessed prior to initiation

of and after a 1-week trial of 30 g/day of 65% cocoa
consumption intervention. Results were compared with a
paired t-test.

Results Cocoa augmented the inhibitory effect of
clopidogrel, demonstrated by a reduction of 11.9% (95%
Cl 5.7% to 18.0%, p value 0.001), significantly decreasing
the PRU by 26.85 (95% Cl 12.22 to 41.48, p value 0.001).
The inhibitory effect of ASA was not impacted by cocoa,
reflected by a non-significant reduction in ARU of 17.65
(95% Cl 21.00 to 56.3, p value 0.351). No patients
experienced any serious adverse events.

Conclusions Cocoa augmented the inhibitory effect of
clopidogrel but not ASA. This nutraceutical study could be
potentially informative and applicable for patients with
stable CAD. Further long-term studies are required to
confirm these exploratory findings.

Trial registration number NCT04554901.

INTRODUCTION

Cardiovascular diseases (CVDs), principally
coronary artery disease (CAD) and cerebro-
vascular events (CVEs), are the leading cause
of global mortality and a major contributor
to disability.' * CVD prevalence is only likely
to substantially increase due to an ageing
population in low-income regions such as the
Caribbean, where the share of older persons is
projected to double between 2019 and 2050."

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Cardiovascular (CV) diseases, principally coronary
artery disease (CAD) and cerebrovascular events,
are the leading cause of global mortality and a major
contributor to disability.

= Cocoa (Theobroma cacao L.) is a rich source of
bioactive compounds such as flavonoids, and its
consumption has been associated with favourable
nutraceutical effects, such as the positive modula-
tion of platelet-mediated haemostasis.

= Several observational studies have demonstrated
attenuated CV mortality with cocoa consumption;
however, these nutraceutical effects are still contro-
versial as cocoa may conversely accentuate CV risk
due to adverse glycaemic and lipidaemic effects.

WHAT THIS STUDY ADDS

= Cocoa augmented the inhibitory effect of clopido-
grel, demonstrated by a reduction of 11.9% (95%
Cl 5.7% to 18.0%, p value 0.001), significantly de-
creasing the PRU by 26.85 (95% Cl 12.22 to 41.48,
p value 0.001). The inhibitory effect of aspirin (ASA)
was not impacted by cocoa, reflected by a non-
significant reduction in ASA reaction unit of 17.65
(95% Cl 21.00 to 56.3, p value 0.351).

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This nutraceutical study could be potentially in-
formative and applicable for patients with stable
CAD on dual antiplatelet therapy with ASA and
clopidogrel.

Within the last decade, it has since emerged
that adult mortality was chiefly attributed to
the vascular disease spectrum in Trinidad and
Tobago.” *

Cocoa (Theobroma cacao L.) is a rich source
of bioactive compounds, such as flavonoids,
and its consumption has been associated with
several favourable effects, such as the positive
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modulation of platelet-mediated haemostasis.”” High
platelet reactivity (HPR) in patients with CAD while on
chronic dual antiplatelet therapy (DAPT) is associated
with a higher risk of major adverse cardiovascular events
(MACE), alluding to the need for tailored antithrom-
botic therapies.®*

Studies have demonstrated attenuated cardiovascular
(CV) mortality with cocoa consumption; however, these
nutraceutical effects are still controversial as cocoa may
conversely accentuate CV risk due to adverse glycaemic
and lipidaemic effects.'’ "'

This prospective study is novel in determining
the effect of a 1-week trial of 30 g/day of 65% cocoa
consumption intervention on platelet reactivity using
the VerifyNow (VN) system on patients with CAD on
DAPT.

MATERIALS

Study design and patient population

The study complied with the Declaration of Helsinki,
International Conference on Harmonisation, Good Clin-
ical Practice, and was approved by the Campus Research
Ethics Committee of the University of the West Indies, St.
Augustine, Trinidad.'® All participants provided written
informed consent to participate in a prospective, open-
label study that assessed the effect of a 1-week trial of 30
g/day of 65% cocoa intervention (dark chocolate) (three
10 g bars each consumed at breakfast, lunch and dinner,
with a composition of 65% cocoa solids and 35% sugar).
These cocoa (dark chocolate) bars were produced by
the Cocoa Research Centre at the University of the West
Indies, St. Augustine, Trinidad, using single-estate origin
cocoa beans sourced from Ortinola Estates, St. Joseph,
Trinidad, as previously described and supervised by the
lead food technologist.'” Patients were screened and
enrolled between September 2021 and December 2021
at the cardiology outpatient clinic at our institution,
Trinidad Institute of Medical Technology, Trinidad and
Tobago. They were considered eligible for the study if
they were above 18 years of age and awaiting elective
percutaneous coronary intervention (PCI) or coronary
artery bypass grafting (CABG) on DAPT for at least
4weeks with aspirin (ASA) 81 mg/day maintenance dose
and clopidogrel 75mg/day maintenance dose. Exclu-
sion criteria for this study included an acute coronary
syndrome within 6 months, active bleeding, prior haem-
orrhagic CVE, clinical instability after an index event,
use of an oral anticoagulation agent (warfarin deriva-
tive or other anticoagulant therapy such as dabigatran,
rivaroxaban, apixaban and edoxaban), platelet count of
<100x10°/pL, haemoglobin of <10g/dL, serum creati-
nine of >1.5mg/dL, patients on concurrent CYP 2C19
inhibitors and CYP 3A4 inducers. After completing the
study, they were followed up for 28 days post procedure
to assess whether they experienced any serious adverse
events (SAEs).

Assessed for Eligibility (n=30)

Excluded (n=10)
* Not meeting Inclusion Criteria (n=6)
* Declined to Participate (n=4)

Allocation

!

A

Allocated to Intervention (n=20)

+ Received Allocated Intervention (n=20)

s Baseline VerifyNow™ assays on dual
antiplatelet therapy with standard Aspirin
and Clopidogrel dose

* Intervention with 7-day trial of daily 30g
cocoa (65%)

Lost to Follow-Up/Discontinued Intervention (n=0)

*  Post-Intervention VerifyNow™ assays on dual
antiplatelet therapy with standard Aspirin
and Clopidogrel dose after 7-day trial of daily
30g cocoa (65%)

Analysis

Analyzed (n=20)

*  Excluded from analysis (n=0)

Figure 1 Methodology outline.

Blood sampling and VN aspirin reaction unit (ARU) and P2Y,,
testing

Clopidogrel was not administered on the morning of
their fasting scheduled visit (08:00-09:00) (18-24 hours
before baseline blood sampling), which ensured the
determination of clopidogrel-induced platelet reactivity
(trough). Blood samples were obtained at rest by antecu-
bital puncture using a 21-gauge needle and placed into
VACUETTE (Greiner Bio-One North America, Monroe,
North Carolina, USA) blood collecting tubes containing
3.8% trisodium citrate (#454322) after discarding the
first 5 mL of blood to avoid artifactual platelet activation.
Samples were processed by laboratory personnel blinded
to ongoing study data. The platelet function assays used
were the VN P2Y, reactions units (PRU) assay and ARU
assay (Werfen, Bedford, Massachusetts, USA). The assays
were performed according to standard protocols, as
previously described."*'® A PRU of >208 was considered
high on-treatment platelet reactivity according to the last
consensus.'® An ARU of >550 was considered ASA resist-
ance during treatmentwith 81 mg."” The enrolled patients
were then treated with a 1-week trial of 30 g/day of 65%
cocoa intervention (three 10g bars each consumed at
breakfast, lunch and dinner, with a composition of 65%
cocoa solids and 35% sugar) with cocoa (dark chocolate)
bar accountability by the clinical research associate. After
7days of the cocoa intervention, platelet reactivity was
assessed with both assays using the aforementioned meth-
odology (figure 1).
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Patient interview and case report form (CRF)

The patients’ demographic data were recorded on a CRF
and included the patient’s medical, procedural history
and any CV medications.

Statistical analysis

The sample size was calculated as 20 patients based on
a paired proportion sample, an alpha (o) value of 0.05,
power of 80%, estimated baseline prevalence of 40% of
PRU of >208 and absolute delta of 20% (expected preva-
lence of 20% of PRU of >208). Continuous variables were
expressed as means+95% Cls and categorical variables as
frequencies and percentages. Paired t-tests were used to
compare mean differences in PRU scores and McNemar’s
test for paired proportions. No adjustments for multiple
comparisons were made. Data collection was complete.
A two-tailed p value of 0.05 was considered to indicate
a statistically significant difference for all the analyses
performed. Statistical analysis was performed using SPSS
V.28.0 software.

RESULTS

A total of 20 patients with stable CAD on DAPT with ASA
and clopidogrel were enrolled in the study. Table 1 shows
the demographics of the study participants. The mean
age was 61.4 years. Of the patients, 35% were women, and
80% were South Asian in ethnicity. The mean body mass
index was 28 kg/m® The prevalence of prior myocardial
infarction (MI) and diabetes mellitus was 50%. Twenty-
five per cent PCI, with 15% prior CABG. One-quarter
were on insulin therapy, while 15%, 5% and an addi-
tional 5% were on metformin, sulfonylureas and sodium-
glucose cotransporter-2 inhibitors, respectively. Cocoa
augmented the inhibitory effect of clopidogrel, demon-
strated by a reduction of 11.9% (95% CI 5.7% to 18.0%,
p value 0.001), significantly decreasing the PRU by 26.85
(95% CI 12.22 to 41.48, p value 0.001) (table 2 and
figure 2). The inhibitory effect of ASA was not impacted
by cocoa, reflected by a non-significant reduction in ARU
of 17.65 (95% CI 21.00 to 56.3, p value 0.351; table 2).
Of the 20 patients, 12 (60%) had a baseline PRU of >208
compared with 8 (40%) patients post cocoa interven-
tion, which was non-significant (p value 0.125). Of the
20 patients, 5 (25%) had a baseline ARU of >550 which
remained unchanged post cocoa intervention (non-
significant). No patients experienced any SAEs.

DISCUSSION

Cocoa (T. cacao L.) is derived from the cacao bean and
has a storied history of diverse therapeutic benefits,
including vascular effects based on its flavanol, procyan-
idin and methylxanthine content."®’ It has substantially
contributed to the socioeconomic development of Trin-
idad and Tobago for over 200 years, at which one point it
was responsible for ‘producing 20% of the world’s cocoa’.
2 In fact, as of 1930, the Cocoa Research Centre had

Table 1 Patient population
Characteristics Frequency (%)
Age (years) 61.4 (mean)
Gender, n (%)

Female 7 (35)

Male 13 (65)
Ethnicity, n (%)

South Asian 16 (80)

Caribbean black 3(15)

Inter-racial
Body mass index (kg/m?)
Weight (kg)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Comorbidities, n (%)
Prior myocardial infarction
Diabetes mellitus
Glycosylated haemoglobin (%)
Fasting blood glucose (mg/dL)
Hypertension
Dyslipidaemia
Chronic kidney disease
Cerebrovascular events

Chronic obstructive pulmonary
disease

Peripheral artery disease
Cardiovascular medications, n (%)

Aspirin

Clopidogrel

ACE inhibitor, angiotensin receptor
blocker, neprilysin inhibitor

Beta blocker
Statin
Mineralocorticoid receptor antagonist
Calcium channel blocker
Nitrates
Ivabradine
Trimetazidine

Diabetic medications, n (%)
Insulins

Oral hypoglycaemics, n (%)
Metformin
Sulfonylureas

Glucagon-like peptide-1 receptor
agonists

Dipeptidyl peptidase-4 inhibitors
Sodium-—glucose cotransporter-2
inhibitors

Cardiovascular procedures, n (%)
Percutaneous coronary intervention

1(5)

28.0 (mean) (normal 18.5-24.9)
73.1

144 (normal <120)

81 (normal <80)

10 (50)

10 (50)

8.3 (mean) (normal <6)
182 (normal <126)

13 (65)

16 (80)

0(0)

1(5)

0(0)

0(0)
20 (100)

20 (100)
13 (65)

Continued
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Table 1 Continued

Characteristics Frequency (%)

Coronary artery bypass grafting 3(15)

PRUS, n (%)
PRU >208 12 (60)
PRU <208 8 (40)

ARUS, n (%)

ARU >550 15 (75)
ARU <550 5 (25)

Basic laboratory values
Serum haemoglobin (g/dL) 13.4 (normal 13.2-17.6)

0.92 (normal 0.81-1.21)

178 (normal <150)

214 (normal <170)

162 (normal <130)

Serum creatinine (mg/dL)

Serum triglycerides (mg/dL)

Serum total cholesterol (mg/dL)
Serum low-density lipoprotein (mg/
dL)

Serum high-density lipoprotein (mg/ 37 (normal >50)
dL)

ARU, aspirin reaction unit; PRU, P2Y12 reaction unit.

pioneered and innovated this sector, making it the oldest
cocoa research institution globally.*

Cocoa products contain catechins ((+)-catechin) and
epicatechins ((-)-epicatechin), classified as flavanols
(flavan-3-ols), which display accentuated vascular bene-
fits. They possess a much higher flavanol concentration
than wine, tea or berries.® Several nutraceutical studies
have been inconsistent in demonstrating a definitive CV
benefit, largely attributed to the ambiguity of flavanol
concentration.!" The recently published ‘Effect of
cocoa flavanol supplementation for the prevention of
CVD events: the COcoa Supplement and Multivitamin
Outcomes Study’ randomised clinical trial revealed no
significant effect on the primary outcome of total CV
events; however, CV mortality was significantly reduced
by 27%." Numerous mechanistic studies evaluating
cocoa have also alluded to enhanced cardiometabolic
effects with respect to endothelial function, blood pres-
sure, inflammation, insulin resistance and platelet
reactivity.23_27

When activated, platelets adhere to sites of vascular
injury within a complex milieu of factors promoting
aggregation and stabilisation of the haemostatic plug.28

Table 2 Comparison of patients’ PRUs and ARUs

Mean PRU Lower 95% ClI Upper 95% CI P value
Baseline 215.40 182.31 248.49 0.001
Cocoa Trial ~ 188.55 129.28 192.57

Mean ARU Lower 95% Cl Upper 95% Cl P value
Baseline 485.85 446.58 525.12 0.351
Cocoa Trial ~ 468.20 426.47 509.93

ARU, aspirin reaction unit; PRU, P2Y12 reaction unit.

p-value 0.001
350

300

250

200

150

o
(=]
o

P2Y,, Reaction Units
®

0 * a4

@ Baseline P2Y,, Reaction Units
e Post Cocoa P2Y;, Reaction Units

Figure 2 Comparison of patients’ P2Y_, reaction units
before and after the cocoa (dark chocolate) intervention.

These factors include ADP, thromboxane A2 (TXA2),
serotonin, collagen (COL) and thrombin.?’ The release
of ADP and TXAZ2 leads to several mechanistic, morpho-
logical and proinflammatory effects, including change in
shape, increased expression of P-selectin, soluble CD40
ligand and conversion of the glycoprotein (GP) IIb/IIla
receptor into its active form.”

ASA is an irreversible cyclooxygenase-1 (COX-1) inhib-
itor that blocks TXA2 production. TXA2 is produced
from arachidonic acid (AA) through enzymatic conver-
sion by COX-1 and thromboxane synthase. TXA2 binds
to the thromboxane receptors, resulting in platelet shape
and aggregation of platelets to the primary platelet plug.”
By preventing the formation of TXA2, ASA decreases
platelet activation and aggregation promoted by TXA2
but not by other agonists.” In this study, there was a non-
significant reduction in ARU of 17.65. The VN-ARU
assay uses AA as an agonist (sensitive to ASA therapy) and
expresses results in ARUs. Despite this study not demon-
strating any significant effect of cocoa on ARU with the
VN system, Rein et al demonstrated that consumption of
cocoa caused an ‘ASA-like’ effect on platelet function,
as measured in terms of platelet-related primary haemo-
stasis via the platelet function analyser (PFA-100; Siemens
Healthineers AG, Erlangen, Germany).” This alterna-
tive analyser measures COL-ADP-stimulated or COL-
epinephrine (EPI)-stimulated platelet function under
shear conditions.” The COL-EPI system detected qual-
itative platelet abnormalities induced by ASA and was
prolonged 6hours after consuming the cocoa beverage,
suggesting an antiplatelet effect.”® In that study, the 30
participants consumed 300mL of a beverage containing
18.75¢g cocoa powder, whereas our study included 20
patients consuming 30g/day of 65% cocoa for 1week
and evaluated with a different platelet function assay.
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The consumption of the cocoa intervention signifi-
cantly decreased PRU by 26.85, with a relative reduction
of 11.9%. The VN-P2Y, assay reports results as P2Y,
reaction units (PRUs). This assay mimics turbidimetric
aggregation and uses disposable cartridges containing 20
mM ADP and 22nM prostaglandin E1 (PGE1). Aggrega-
tion testing using ADP as a sole agonist activates P2Y, and
P2Y,, purinergic signalling, while adding PGE1 increases
the test’s specificity for P2Y,, signalling. A baseline value
for platelet function is obtained in a separate channel of
the cartridge in which isothrombin receptor activating
peptide (TRAP) is used as an agonist.”> ** The VN system
exhibits moderate concordance with other platelet func-
tion tests and has reliably stratified high-risk patients for
MACE.”

Platelet morphology and transient aggregation are
mediated by P2Y,. Binding of ADP to the P2Y,, receptor
results in cascade amplification that culminate in platelet
aggregation and stabilisation.”® In Ostertag et al, cocoa
significantly decreased ADP-induced plateletaggregation,
TRAP-induced platelet aggregation and P-selectin expres-
sion, and increased COL/EPI-induced ex vivo bleeding
times.” Their methodology included a 60g cocoa (dark
chocolate) bar assessed 6hours after consumption with
platelet function via a PFA-100 analyser and flow cytom-
etry. Additionally, Pearson et al demonstrated that cocoa
inhibited several measures of platelet activity, including
EPlinduced and ADP-induced GP IIb/Illa and P-se-
lectin expression, platelet microparticle formation, and
EPI/COL and ADP-COL induced primary haemostasis.*
Montagnana et al revealed a significant increase of COL/
ADP-induced PFA-100 closure time, but not COL/EPI,
4hours after ingestion of dark chocolate.” Platelet aggre-
gation induced by COL was unchanged after low flavanol
or high flavanol dark chocolate, whereas both attenuated
responses to ADP and TRAP relative to baseline.*' Shear
stress-dependent platelet adhesion was also attenuated
in a study by Flammer e al using another modality of
platelet function testing.** Platelet hyper-reactivity is crit-
ical in acute coronary syndrome pathophysiology; thus,
mitigation of shear stress-dependent platelet adhesion
may beneficially affect atherothrombosis.*

Our study displayed a potentiated effect with respect to
ADP-induced platelet aggregation in patients on DAPT
with ASA and clopidogrel. These comparative studies
were performed in patients without established CVD,
whereas our study involved patients with a medical history
of prior MI, type 2 diabetes mellitus, and who received
PCI and CABG.

The P2Y12 receptor and COX-1 pathway are comple-
mentary with respect to platelet inhibition, and thus it is
surprising that the ARU and PRU signals were not signifi-
cantly concordant in this study. This could result from an
unknown confounder, an interaction effect, or reduced
intrinsic power of the study with respect to the number
of participants enrolled and the duration of the cocoa
intervention. Of the 20 subjects, 5 (25%) had a baseline
ARU of >550 which remained unchanged post cocoa

intervention, while 12 (60%) had a baseline PRU of >208
compared with 8 (40%) subjects post cocoa intervention,
alluding to a non-significant reduction in HPR.

Study limitations

Despite this study being sufficiently powered for prospec-
tive pharmacodynamic outcomes with respect to PRUs
and ARUs, it was not designed for prespecified clinical
outcomes, and thus no definitive conclusions on clinical
efficacy and safety can be ascertained. As with previous
studies conducted by this group in Trinidad, there was
a preponderance of South Asian patients, alluding to
a selection bias during study enrolment."*** A double-
blind, randomised controlled trial would have been the
gold standard for ascertaining the antiplatelet effect of
this cocoa intervention; however, there are logistical chal-
lenges in executing such methodology in our limited
resource setting without a dedicated clinical research
organisation.44

Additionally, this study did not evaluate the composi-
tion of the cocoa (dark chocolate) bars with respect to
caloric, glucose, protein and lipid content, as any bene-
ficial antiplatelet effect may be potentially offset by para-
doxical glycaemic or lipidaemic effects. However, Hamed
et alreported improved lipid profiles (low-density lipopro-
tein reduction of 6%, high-density lipoprotein increase
of 9%) with decreased platelet reactivity.” Also, this
study did not quantify flavanol concentrations with rela-
tively low bioavailability, and their downstream plasma
metabolite concentrations are temporally variable and
may not correlate with other nutraceutical mechanistic
studies.” Our study also involved the cocoa intervention
being distributed throughout the day (three 10g bars
consumed at breakfast, lunch and dinner), which may
affect the pharmacodynamic effects of the flavanol metab-
olites on platelet function as compared with the form and
timing in other studies, for example, one-time beverage
consumption. This cocoa intervention was also relatively
short, with a time frame of 1week, and each cocoa bar
contained 65% cocoa solids and 35% sugar. As a result,
thus, there can be no long-term extrapolation of clinical
and biochemical outcomes such as glycaemic control in
patients with diabetes, dyslipidaemic effects or net weight
gain, which can have negative implications.

To our knowledge, this prospective study is novel in
determining the effect of a 1-week trial of 30 g/day of
65% cocoa consumption intervention on platelet reac-
tivity using the VN system on patients with CAD on DAPT.
As such, it may not be clinically pertinent to patients on
more potent antithrombotic therapies such as prasugrel,
ticagrelor or direct oral anticoagulants. Additionally,
many of these therapies and their generic counterparts
are not readily available due to regulatory or financial
issues. A more inclusive and detailed array of platelet
function testing using PFA, flow cytometry and throm-
boelastography may be revelatory; however, these are
unavailable in Trinidad due to technical and personnel
logistical issues.
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CONCLUSIONS

Significantly attenuated platelet reactivity was observed
with the cocoa intervention with respect to PRUs but not
with ASA reaction units. This nutraceutical study could
be potentially informative and applicable for patients
with stable CAD. Further long-term studies are required
to confirm these exploratory findings.

Twitter Naveen Anand Seecheran @nseecheran and Rajeev Seecheran @
RaSeech22

Acknowledgements The authors thank Mr Lincoln McDonald, BSc, and Mr Larry
Abraham, MSc, of the Cocoa Research Centre, The University of the West Indies, St.
Augustine, Trinidad and Tobago, for assisting with the cocoa (dark chocolate) bar
manufacturing process. The authors also thank Mrs Nikita Nath of Ortinola Estates
Limited for her donation of single estate-derived cocoa beans.

Contributors All authors contributed equally to writing the manuscript. All
authors read and approved the final manuscript. The guarantor, NS accepts full
responsibility for the work and/or the conduct of the study, had access to the data,
and controlled the decision to publish.

Funding The study was supported by The University of the West Indies, St Augustine
Campus Research and Publication Fund (CRP.3.MAR21.03).

Patient consent for publication Consent obtained directly from patient(s).

Ethical approval The study complied with the Declaration of Helsinki,
International Conference on Harmonisation and Good Clinical Practice, and was
approved by the campus research ethics committee of the University of the West
Indies, St. Augustine, Trinidad. All participants provided written informed consent to
participate in this prospective, open-label study.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Naveen Anand Seecheran http://orcid.org/0000-0002-7779-0181

REFERENCES

1 Roth GA, Mensah GA, Johnson CO, et al. Global burden of
cardiovascular diseases and risk factors, 1990-2019: update from
the GBD 2019 study. J Am Coll Cardiol 2020;76:2982-3021.

2 Mensah GA, Roth GA, Fuster V. The Global Burden of Cardiovascular
Diseases and Risk Factors: 2020 and Beyond. J Am Coll Cardiol
2019;74:2529-32.

3 Allebeck P. Pan American health organization (PAHO), health in the
Americas, 2007. Eur J Public Health 2008;18:348.

4 Seecheran NA, Maharaj A, Boodhai B, et al. Prevalence of
clOpidogrel 'reslstaNce' in a selected population of patients
undergoing elective percutaneous coronary intervention at a tertiary
cardiovascular centre in Trinidad: the POINT pilot study. Open Heart
2019;6:e000841.

5 Montagnana M, Danese E, Angelino D, et al. Dark chocolate
modulates platelet function with a mechanism mediated by flavan-3-
ol metabolites. Medicine 2018;97:e13432.

6 Hermann F, Spieker LE, Ruschitzka F, et al. Dark chocolate improves
endothelial and platelet function. Heart 2006;92:119-20.

7 Innes AJ, Kennedy G, McLaren M, et al. Dark chocolate inhibits
platelet aggregation in healthy volunteers. Platelets 2003;14:325-7.

8 De Servi S, Crimi G, Calabro P, et al. Relationship between
diabetes, platelet reactivity, and the SYNTAX score to one-year
clinical outcome in patients with non-ST-segment elevation acute
coronary syndrome undergoing percutaneous coronary intervention.
Eurolintervention 2016;12:312-8.

9 Parodi G, Marcucci R, Valenti R, et al. High residual platelet reactivity
after clopidogrel loading and long-term cardiovascular events among
patients with acute coronary syndromes undergoing PCI. JAMA
2011;306:1215-23.

10 Sesso HD, Manson JE, Aragaki AK, et al. Effect of cocoa flavanol
supplementation for the prevention of cardiovascular disease events:
the cocoa supplement and multivitamin outcomes study (Cosmos)
randomized clinical trial. Am J Clin Nutr 2022;115:1490-500.

11 Morze J, Schwedhelm C, Bencic A, et al. Chocolate and risk of
chronic disease: a systematic review and dose-response meta-
analysis. Eur J Nutr 2020;59:389-97.

12 World Medical Association. World Medical Association Declaration
of Helsinki: ethical principles for medical research involving human
subjects. JAMA 2013;310:2191-4.

13 Cocoa Research Center. About us. Available: https://sta.uwi.edu/cru/
about-us [Accessed 16 Mar 2022].

14 Seecheran N, Ramdeen A, Debideen N, et al. The effect of
Empagliflozin on platelet function profiles in patients with stable
coronary artery disease in Trinidad: the effect pilot study. Cardiol
Ther 2021;10:189-99.

15 Gurbel PA, Bliden KP, DiChiara J, et al. Evaluation of dose-related
effects of aspirin on platelet function: results from the aspirin-
induced platelet effect (aspect) study. Circulation 2007;115:3156-64.

16 Tantry US, Bonello L, Aradi D, et al. Consensus and update on
the definition of on-treatment platelet reactivity to adenosine
diphosphate associated with ischemia and bleeding. J Am Coll
Cardiol 2013;62:2261-73.

17 Chen W-H, Lee P-Y, Ng W, et al. Aspirin resistance is associated
with a high incidence of myonecrosis after non-urgent percutaneous
coronary intervention despite clopidogrel pretreatment. J Am Coll
Cardiol 2004;43:1122-6.

18 Dillinger TL, Barriga P, Escarcega S, et al. Food of the gods: cure
for humanity? A cultural history of the medicinal and ritual use of
chocolate. J Nutr 2000;130:2057S-72.

19 Aron PM, Kennedy JA. Flavan-3-Ols: nature, occurrence and
biological activity. Mol Nutr Food Res 2008;52:79-104.

20 Sansone R, Ottaviani JI, Rodriguez-Mateos A, et al. Methylxanthines
enhance the effects of cocoa flavanols on cardiovascular function:
randomized, double-masked controlled studies. Am J Clin Nutr
2017;105:352-60.

21 Johnson ES, Bekele FL, Brown SJ, et al. Population Structure and
Genetic Diversity of the Trinitario Cacao (Theobroma cacao L.) from
Trinidad and Tobago. Crop Sci 2009;49:564-72.

22 Cocoa research centre. Available: https://sta.uwi.edu/cru/ [Accessed
15 Mar 2022].

23 Sansone R, Rodriguez-Mateos A, Heuel J, et al. Cocoa flavanol
intake improves endothelial function and Framingham risk
score in healthy men and women: a randomised, controlled,
double-masked trial: the Flaviola health study. Br J Nutr
2015;114:1246-55.

24 Ried K, Fakler P, Stocks NP. Effect of cocoa on blood pressure.
Cochrane Database Syst Rev 2017;4:CD008893.

25 Kuebler U, Arpagaus A, Meister RE, et al. Dark chocolate attenuates
intracellular pro-inflammatory reactivity to acute psychosocial
stress in men: a randomized controlled trial. Brain Behav Immun
2016;57:200-8.

26 Lin X, Zhang |, Li A, et al. Cocoa flavanol intake and biomarkers for
cardiometabolic health: a systematic review and meta-analysis of
randomized controlled trials. J Nutr 2016;146:2325-33.

27 Rein D, Paglieroni TG, Pearson DA, et al. Cocoa and wine
polyphenols modulate platelet activation and function. J Nutr
2000;130:2120S-6.

28 Varga-Szabo D, Pleines |, Nieswandt B. Cell adhesion mechanisms
in platelets. Arterioscler Thromb Vasc Biol 2008;28:403-12.

29 Brass LF. Thrombin and platelet activation. Chest 2003;124:18S-25.

30 Angiolillo DJ, Ueno M, Goto S. Basic principles of platelet biology
and clinical implications. Circ J 2010;74:597-607.

31 Offermanns S. Activation of platelet function through G protein-
coupled receptors. Circ Res 2006;99:1293-304.

32 Davi G, Patrono C. Platelet activation and atherothrombosis. N Engl/
J Med 2007;357:2482-94.

33 Rein D, Paglieroni TG, Wun T, et al. Cocoa inhibits platelet activation
and function. Am J Clin Nutr 2000;72:30-5.

34 Mammen EF, Comp PC, Gosselin R, et al. PFA-100 system: a new
method for assessment of platelet dysfunction. Semin Thromb
Hemost 1998;24:195-202.

35 Steinhubl SR, Talley JD, Braden GA, et al. Point-of-care measured
platelet inhibition correlates with a reduced risk of an adverse
cardiac event after percutaneous coronary intervention: results of
the GOLD (AU-Assessing Ultegra) multicenter study. Circulation
2001;103:2572-8.

36 Smith JW, Steinhubl SR, Lincoff AM, et al. Rapid Platelet-function
assay. Circulation 1999;99:620-5.

37 Paniccia R, Priora R, Liotta AA, et al. Platelet function tests: a
comparative review. Vasc Health Risk Manag 2015;11:133.

Seecheran NA, et al. Open Heart 2022;9:002066. doi:10.1136/openhrt-2022-002066


https://twitter.com/nseecheran
https://twitter.com/RaSeech22
https://twitter.com/RaSeech22
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-7779-0181
http://dx.doi.org/10.1016/j.jacc.2020.11.010
http://dx.doi.org/10.1016/j.jacc.2019.10.009
http://dx.doi.org/10.1093/eurpub/ckn006
http://dx.doi.org/10.1136/openhrt-2018-000841
http://dx.doi.org/10.1097/MD.0000000000013432
http://dx.doi.org/10.1136/hrt.2005.063362
http://dx.doi.org/10.1080/0953710031000123681
http://dx.doi.org/10.4244/EIJV12I3A51
http://dx.doi.org/10.1001/jama.2011.1332
http://dx.doi.org/10.1093/ajcn/nqac055
http://dx.doi.org/10.1007/s00394-019-01914-9
http://dx.doi.org/10.1001/jama.2013.281053
https://sta.uwi.edu/cru/about-us
https://sta.uwi.edu/cru/about-us
http://dx.doi.org/10.1007/s40119-020-00208-0
http://dx.doi.org/10.1007/s40119-020-00208-0
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.675587
http://dx.doi.org/10.1016/j.jacc.2013.07.101
http://dx.doi.org/10.1016/j.jacc.2013.07.101
http://dx.doi.org/10.1016/j.jacc.2003.12.034
http://dx.doi.org/10.1016/j.jacc.2003.12.034
http://dx.doi.org/10.1093/jn/130.8.2057S
http://dx.doi.org/10.1002/mnfr.200700137
http://dx.doi.org/10.3945/ajcn.116.140046
http://dx.doi.org/10.2135/cropsci2008.03.0128
https://sta.uwi.edu/cru/
http://dx.doi.org/10.1017/S0007114515002822
http://dx.doi.org/10.1002/14651858.CD008893.pub3
http://dx.doi.org/10.1016/j.bbi.2016.04.006
http://dx.doi.org/10.3945/jn.116.237644
http://dx.doi.org/10.1093/jn/130.8.2120S
http://dx.doi.org/10.1161/ATVBAHA.107.150474
http://dx.doi.org/10.1378/chest.124.3_suppl.18S
http://dx.doi.org/10.1253/circj.CJ-09-0982
http://dx.doi.org/10.1161/01.RES.0000251742.71301.16
http://dx.doi.org/10.1056/NEJMra071014
http://dx.doi.org/10.1056/NEJMra071014
http://dx.doi.org/10.1093/ajcn/72.1.30
http://dx.doi.org/10.1055/s-2007-995840
http://dx.doi.org/10.1055/s-2007-995840
http://dx.doi.org/10.1161/01.cir.103.21.2572
http://dx.doi.org/10.1161/01.CIR.99.5.620
http://dx.doi.org/10.2147/VHRM.S44469

Coronary artery disease

38

39

40

41

pp.Dorsam RT, Kunapuli SP. Central role of the P2Y12 receptor in
platelet activation. J Clin Invest 2004;113:340-5.

Ostertag LM, Kroon PA, Wood S, et al. Flavan-3-ol-enriched dark
chocolate and white chocolate improve acute measures of platelet
function in a gender-specific way--a randomized-controlled human
intervention trial. Mol Nutr Food Res 2013;57:191-202.

Pearson DA, Holt RR, Rein D, et al. Flavanols and platelet reactivity.

Clin Dev Immunol 2005;12:1-9.

Rull G, Mohd-Zain ZN, Shiel J, et al. Effects of high flavanol dark
chocolate on cardiovascular function and platelet aggregation.
Vascul Pharmacol 2015;71:70-8.

42

43

44

45

Flammer AJ, Hermann F, Sudano |, et al. Dark chocolate improves
coronary vasomotion and reduces platelet reactivity. Circulation
2007;116:2376-82.

Seecheran N, Grimaldos K, Ali K, et al. The effect of dapagliflozin on
platelet function testing profiles in diabetic patients: the edge pilot
study. Cardiol Ther 2021;10:561-8.

Kaptchuk TJ. The double-blind, randomized, placebo-controlled trial.
J Clin Epidemiol 2001;54:541-9.

Hamed MS, Gambert S, Bliden KP, et al. Dark chocolate effect on
platelet activity, C-reactive protein and lipid profile: a pilot study.
South Med J 2008;101:1203-8.

Seecheran NA, et al. Open Heart 2022;9:002066. doi:10.1136/openhrt-2022-002066


http://dx.doi.org/10.1172/JCI20986
http://dx.doi.org/10.1002/mnfr.201200283
http://dx.doi.org/10.1080/10446670410001722140
http://dx.doi.org/10.1016/j.vph.2015.02.010
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.713867
http://dx.doi.org/10.1007/s40119-021-00242-6
http://dx.doi.org/10.1016/S0895-4356(00)00347-4
http://dx.doi.org/10.1097/SMJ.0b013e31818859eb

	Effect of cocoa (﻿Theobroma cacao﻿ L.) on platelet function testing profiles in patients with coronary artery disease: ECLAIR pilot study
	Abstract
	Introduction﻿﻿
	Materials
	Study design and patient population
	Blood sampling and VN aspirin reaction unit (ARU) and P2Y﻿12﻿ testing
	Patient interview and case report form (CRF)
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	References


