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Cardiovascular disease is a chronic disease influenced by many factors, with activated blood

platelets being one of them. Platelets play a central role in the formation of plaques within

blood vessels, contributing to early inflammatory events. Consumption of diets rich in plant-

based products protects against the development of cardiovascular disease. Polyphenols,

which are secondary plant metabolites found in a wide range of foodstuffs and beverages,

may be partially responsible for these effects. Their protective properties include inhibitory

effects on platelet function in vitro and in vivo. However, the bioavailability of many poly-

phenols is poor and it is unclear whether sufficient quantities can be obtained by dietary

means to exert protective effects. Consequently, this review summarizes 25 well-controlled

human intervention studies examining the effect of polyphenol-rich diets on platelet func-

tion. These studies report a huge variety of research methods, study designs, and study

subjects, resulting in controversial assertions. One consistent finding is that cocoa-related

products, however, have platelet-inhibiting effects when consumed in moderate amounts. To

assess whether other classes of dietary polyphenols, or their metabolites, also beneficially

affect platelet function requires more well-controlled intervention studies as well as the

adoption of more uniform methods to assess platelet aggregation and activation.
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1 Introduction

Cardiovascular disease (CVD) is a widespread human

epidemic in industrialized countries [1]. In the US alone it

accounts annually for 36% of all deaths, which is more than

the combined mortalities from cancer, chronic lower

respiratory diseases, accidents, and diabetes mellitus. The

estimated cost of CVD to the US economy in 2007 was 432

billion US dollars [2]. Similarly in Europe the annual 4.3

million deaths (equals 48% of all deaths) and associated

health care ramifications from CVD cost the EU economy

192 billion Euros a year [3]. Moreover, the observed decline

in CVD since the 1980s has slowed due to the increasing

incidence of major risk factors like obesity and diabetes

mellitus [2, 3].

CVD has a multi-factorial etiology and it has been

recognized for a long time that platelet function is related to

the risk of developing atherosclerosis [1], the principal cause

of heart attack and stroke. Activated blood platelets play a

central role as risk factors, comparable to hypertension or

Abbreviations: ADP, adenosine diphosphate; CAD, coronary

artery disease; CVD, cardiovascular disease; LTA, light transmis-

sion aggregometry; PFA-100, Platelet Function Analyzer-100;

PRP, platelet-rich plasma; vWF, von Willebrand factor
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diabetes [4], in this chronic inflammatory condition as they

contribute to plaque formation within blood vessels in the

early stages of atherogenesis. During this process, platelets

become activated upon binding to collagen and von

Willebrand factor (vWF) multimers, which are secreted in

response to inflammatory stimuli from damaged endothelial

cells [5]. Collagen and vWF bind to receptors (glycoprotein

VI and integrin a2b1, and the receptor complex glycoprotein

Ib/IX/V, respectively) on the platelet surface [6]. The acti-

vated platelets then secrete a range of adhesion molecules,

such as P-selectin and CD40 ligand, and bind fibrinogen

from plasma. Additionally they synthesize and secrete

agonists such as adenosine diphosphate (ADP) and throm-

boxane A2, which also induce platelet aggregation and

thus amplify and maintain the initial platelet response [6].

Activated platelets further intensify atherogenesis by

contributing to recruitment and binding of leukocytes [5].

Despite extensive research on the pathways involved in

platelet activation, understanding their functional role in the

development of atherosclerosis and CVD in humans

remains problematic [1, 5, 7]. This is in part due to the lack

of a specific clinical test to evaluate the complex network

of signaling pathways involved in platelet function and

atherosclerosis [8]. Furthermore, mechanistic studies using

animal models are often difficult to interpret as non-human

platelets not only differ in morphology and numbers from

human ones, but also vary in their responses to agonists and

in the expression of platelet surface receptors [9–12].

Consumption of diets rich in plant-based products

protects against the development of CVD. Such effects have

been ascribed in part to non-nutritive but potentially bioac-

tive secondary metabolites in fruits, vegetables, herbs,

spices, teas, and wines. For example, simple phenolic

compounds (hydroxybenzoic acid and hydroxycinnamic acid

derivatives) (Fig. 1A) and polyphenolic flavonoids (Fig. 1B)

are ubiquitous in plant-based foods (Table 1). Many have

numerous potential anti-atherogenic properties including

the modification of lipid profiles, vasodilatory effects and the

ability to prevent the oxidation of low-density lipoproteins

[13]. Some dietary phenolic compounds also affect platelet

aggregation and function in vitro and in vivo after

consumption of supplements [14–17]. However, whether

such effects can be achieved from diet alone will depend on

the amount of the phenolic compounds in foods and their

subsequent bioavailability. Consequently, the aim of this

review is to critically evaluate controlled human intervention

trials in order to assess whether intake of polyphenol-rich

diets or extracts impacts on platelet function. The main food

sources, sub-classes of polyphenols, and nutritional rele-

vance of polyphenol-rich diets are discussed.

2 Materials and methods

We searched PubMed, Scopus and Ovid MEDLINEs for

human intervention studies where polyphenol-rich diets or

supplements were provided and their influence on platelet

activation and function was examined. The last search was

performed on April 7, 2009. The used search term is

included as Supporting Information.

2.1 Exclusion criteria

With the search term cited in Supporting Information a

total of 2576 English-written references were obtained

(Fig. 2). The search was then restricted to articles that had

been published from 1980 onward, resulting in 2362

publications. As only original research articles were used for

this review, all reviews, notes, and conference papers were

excluded and the number of references was decreased

further to 2091. We excluded all studies that were not

performed within humans or human platelets and obtained

1153 articles that still matched our criteria. The next step

was to exclude all trials examining compounds and

supplements that were not derived from a diet or that did

not have any dietary background, resulting in 136 remaining

publications. Studies that did not discuss measurements

related to platelet activation and function were also exclu-

ded. Of the remaining 115 references, 70 abstracts were

excluded, as they did not describe an intervention trial.

Finally, we excluded all studies that did not use valid

controls, ending up with 25 controlled human intervention

trials (Fig. 2).

2.2 Data evaluation

A meta-analytical approach was not possible due to a paucity

of randomized controlled trials (rather than non-rando-

mized trials) and a lack of uniformity in pre- and post-

treatment outcome measures between studies. Conse-

quently observational assessment was made of the 25

studies which survived the original systematically applied

exclusion criteria (Table 2).

3 Results

Controlled intervention studies were categorized based on

class of polyphenol (phenolic acids or flavonoids) and their

relevant food sources: chocolate and cocoa products, grape

seed extract, quercetin-rich diets/supplements, a soy protein

supplement, black tea, wine and Armagnac, berries, purple

grape juice, and sea buckthorn juice. Table 2 summarizes

an overview of all studies including design, intervention

compounds and food matrices, doses, parameters of the

study populations, duration of intervention, platelet func-

tion tests, and outcomes. This summary of 25 intervention

studies reveals a wide range between studies in polyphenol

intake (18.6 mg to 2.20 g/day), study population (healthy,

increased risk factors, and/or clinical disease), study size
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(between 6 and 1535 subjects), and length of supple-

mentation (acute intake for 1 day to chronic intake for over

90 days).

3.1 Cocoa studies and flavanols

Dietary flavanols, mainly found in cocoa and grape seed

extract, are the compounds most frequently tested in the

studies included in this review. Ten studies [18–27] focused

on the in vivo effects of food sources containing (–)-epica-

techin and (1)-catechin, as well as procyanidin oligomers

and polymers. Of these studies, five measured platelet

function using the platelet function analyzer (PFA-100) [18,

24–27], allowing a straightforward comparison of the results

obtained. This device tests shear stress-induced platelet

aggregation by measuring the time taken by aggregating

platelets to occlude a collagen-epinephrine or a collagen-

ADP coated membrane (closure time). Data from these five

studies show evidence of a dose-response relationship up to

900 mg flavanol intake (maximum daily dose tested),

although linearity is not evident from the data available. We

calculated that acute intake of flavanols led to approximately

3–11% inhibition of collagen-epinephrine-induced closure

time per 100 mg flavanols consumed, 2–6 h after ingestion,

and also to approximately 11% inhibition of collagen-ADP-

induced closure time (Table 2). Conversely, chronic intake

of flavanols led to inhibition of collagen-ADP-induced
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Figure 1. Chemical structures of the

two classes of phenolic acids (A), and

of the various classes of flavonoids

(B), and their respective compounds.
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closure time of 3–11% per 100 mg flavanols consumed daily,

but did not affect the collagen-epinephrine-induced closure

time (Fig. 3). Such effects may be nutritionally relevant as

100 mg flavanols can be obtained from 11 g dark chocolate

with a cocoa content 70% w/w [28, 29], from 52 g milk

chocolate [28–31], or from 50 to 100 mL cocoa drink

containing 8% w/v pure cocoa [27–29]. Five other studies

also found a significant inhibition of platelet aggregation

and activation upon acute or chronic intake of dietary

flavanols from cocoa [19–23] using alternative methodolo-

gies, namely the Impact Cone and Plate(let) Analyzer, light

transmission aggregometry (LTA) in platelet-rich plasma

(PRP), or whole blood platelet aggregation by impedance or

platelet counting.

3.2 Flavonols and isoflavones

Four studies examined the effects of quercetin-rich foods and

supplements on platelet function in healthy subjects [32–35].

Only one of these [34] observed a significant inhibition

(21–65%) of platelet aggregation upon acute intake of 150 mg

of quercetin-40-O-b-D-glucoside, which is equivalent to the

consumption of 400–700 g of raw yellow onions [29, 30]. Only

one study examined the effects of isoflavones on platelet

aggregation [36]. In this study consumption of a soy protein

isolate beverage powder rich in genistein, daidzein, and

glycitein did not affect LTA in PRP of healthy volunteers.

3.3 Polyphenol-rich beverages – studies using black

tea, coffee, and alcoholic beverages

We found seven controlled studies testing black tea [37–39],

coffee [40], Armagnac [41], or wines [42, 43] for their potential

effects on platelet aggregation. Consumption of one liter of

black tea rich in gallic acid, flavanols, tannins, theaflavins,

and thearubigins per day inhibited platelet activation by

4–10% [39]. In this study platelet activation was measured by

the very sensitive technique of flow cytometry scanning for

circulating leukocyte–platelet aggregates [44]. Two other

studies on tea consumption did not find significant effects on

platelet function [37, 38]. Acute intake of a strong cup of

coffee, mainly containing chlorogenic acid as a phenolic

compound, also had significant anti-aggregatory effects [40].

Table 1. Main dietary sources of phenolic acids and flavonoids

Class of polyphenols Main dietary sources References

Phenolic acids

Hydroxybenzoic acid
derivatives

Berries (blackberries, blackcurrants, raspberries, redcurrants, strawberries,
white currants), black and green tea, condiments/herbs

[52, 56]

Hydroxycinnamic acid
derivatives

Blueberries, coffee, kiwi fruits, cherries, plums, aubergines, apples, pears,
chicory, cider, spinach, cereal brans, broccoli, kale

[52, 57]

Flavonoids

Flavonols Broccoli, curly kale, yellow onions, leek, capers, parsley, lovage, beans,
cherry tomatoes, blueberries, blackcurrants, black and green tea, apples, apricots

[29, 52, 58]

Flavanols and
proanthocyanidins

Black and green tea, cocoa, dark chocolate, cinnamon, red wine, cider, sorghum,
beans, nuts, chokeberries, apricots, plums, peaches, cherries, grapes, cranberries,
blueberries, blackberries, blackcurrants, apples

[28, 29, 31,
52, 59, 60]

Flavones Parsley, celery, sweet pepper [29, 52, 58]
Isoflavones Soy (soy flour, soy milk, soy bean, tofu, miso, tempeh), black beans, red clover [52, 61–63]
Flavanones Citrus fruits and their juices (orange, grapefruit, lemon, lime, mandarin) [29, 52, 64]

2,576 potentially relevant abstracts identified

214 abstracts excluded:
Published before 1980.

2,362 abstracts produced in 1980 or later

2,091 original research articles

938 abstracts excluded:
Animal studies.

271 abstracts excluded:
No original research articles (reviews,
notes, conference papers)., p p )

1,153 studies in humans or human platelets

1,017 abstracts excluded:
No diets or diet-derived compounds.

136 publications where dietary compounds 
or diets were studied

21 abstracts excluded:
No platelet function studies.

115 promising abstracts 
(matched all inclusion criteria so far)

70 abstracts excluded:
No human intervention trials.

45 final articles with usable information

20 abstracts excluded:
Not adequately controlled

ΣΣ = 25 controlled human intervention trials

Figure 2. Organization of the literature search.
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Furthermore, a daily intake of 30 mL of Armagnac, which is

especially rich in ellagitannins, for 2 wk, inhibited platelet

aggregation by 20–30% [41]. However, a study published by

the same group 2 years later questions whether these effects

are caused by the polyphenols present in Armagnac, as only

polyphenol-free fractions of freeze-dried Armagnac extracts

generated inhibition of platelet aggregation ex vivo [45].

Consumption of wine rich in proanthocyanidins, anthocya-

nins, and tannins has produced inconsistent effects on

platelet function, showing inhibition of ADP-induced platelet

aggregation [43], no effect on platelet aggregation [42], or even

an increase in ADP-induced platelet aggregation by almost

10% [42].

3.4 Studies testing other phenolic-rich foods

Three studies assessed the effects of polyphenols from

berries [46], purple grape juice [47], and sea buckthorn juice

[48] on platelet function. Only the daily consumption of an

average amount of 160 g fresh berries and berry juices for

8 wk caused a significant inhibition of collagen-ADP-

induced platelet aggregation in subjects with higher risk for

CVD [46].

4 Discussion

This review of controlled human intervention studies

assessing the impact of dietary polyphenols on human

platelet function revealed a plethora of research methods

and study designs. Findings were markedly inconsistent.

Chronic intake of polyphenols from berries, or juices

derived from berries, may result in only a relatively low

inhibition of collagen-ADP-induced platelet aggregation

under shear stress. Due to the inconsistency in data gene-

rated in well-controlled studies, it is currently not possible to

conclude whether polyphenols from black tea, coffee and

alcoholic beverages have beneficial effects on platelet func-

tion when consumed in nutritionally relevant quantities.

However, cocoa-related products consistently showed inhi-

bition of platelet activation and aggregation when consumed

in moderate amounts, either on an acute basis, or on a

chronic basis.

4.1 Heterogeneity of experimental approaches

4.1.1 Assessment of platelet function

The complexity of platelet interactions with their environ-

ment results in a wide variety of experimental approaches

for measuring platelet function, as illustrated by the

studies included in this review (Table 2). Various tests and

agonists have been used to assess the effect of a dietary

intervention on platelet activation and function (Table 3).

All established methods for platelet function monitoring

have been reviewed and their advantages and disadvantages

discussed [8, 49, 50]. Many older methods are unreliable

and not platelet-specific (e.g. bleeding time) or very labor-

intensive and therefore expensive, like LTA. In addition,

LTA is, albeit considered a gold standard method for

testing platelet function, relatively non-physiological as

platelets are taken out of their natural environment (i.e.
blood) and are not undergoing high-shear conditions.

Modern equipment that measures platelet function is

expensive and therefore not widely used, although the use

of the PFA-100 for human intervention trials appears to be

increasing (Table 2). The PFA-100 method uses whole

blood, and platelets will become activated under high

shear force, thereby adhering to a membrane and occluding

an aperture. Such processes mimic the conditions in

small arteries within the human body. Although this test

appears to simulate in vivo conditions more accurately, the

outcome is dependent on vWF and hematocrit values.

Inhibition of shear-stress induced platelet
aggregation (PFA-100) in 5 studies 
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Figure 3. Overview of the inhibition of shear stress-induced

platelet aggregation in healthy humans measured by the

PFA-100 upon daily consumption of flavanols. The PFA-100

tests shear stress-induced platelet aggregation by measuring the

time the aggregating platelets need to occlude a collagen-

epinephrine-coated (black squares) or a collagen-ADP-coated

(gray circles) membrane. The data were obtained from n 5 5

studies where three were acute intake studies [18, 24, 25] and

two were chronic intake studies [26, 27].
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Methods based on flow cytometry, like assessment of

platelet activation markers, leukocyte–platelet aggregates

or platelet-derived microparticles are also performed in

whole blood. These methods appear very sensitive, espe-

cially the measurement of circulating monocyte–platelet

aggregates as marker for in vivo platelet activation [44].

However, this method is performed under low shear

conditions in solution, which is again not an accurate

simulation of in vivo processes [8, 49, 50]. The use of

different methods often results in outcomes, which are not

comparable. For example, Lordkipanidze et al. measured

platelet function in response to daily aspirin use in 201

patients with stable coronary artery disease (CAD) to

examine aspirin resistance using six different methods: LTA

in PRP induced by 1.6 mmol/L arachidonic acid or different

concentrations (5, 10, and 20 mmol/L) of ADP, whole blood

aggregometry induced by 1.6 mmol/L arachidonic acid, the

PFA-100 with a collagen-epinephrine coated membrane, the

VerifyNow Aspirin point-of-care system, and an enzyme

immunoassay kit to measure urinary 11-dehydro-throm-

boxane B2 (the stable metabolite of thromboxane A2)

concentrations. The authors reported variable responses

between methods, and the correlation between the

measurements was low [51]. In addition, different agonists

activate different pathways of platelet function (Table 3),

which introduces another layer of complexity when

comparing outcomes of controlled human intervention

trials. Ideally, a panel of agonists targeting different path-

ways of aggregation should be used, in order to obtain

an all-round picture of nutritional or supplemental effects

on platelet function. This may allow easy comparison

between studies. However, this approach is rarely followed.

As a result, the difficulty in comparing study outcomes

obtained using different methods and agonists significantly

decreases the impact of the overall body of research already

carried out.

4.1.2 Chronic versus acute intake

Most of the studies discussed in this review (13 out of 25)

examined the effects of chronic dietary intake of poly-

phenols on platelet function with interventions ranging

between 2 and 13 wk. Nine studies examined acute effects of

polyphenols on platelet function, i.e. within 30 min to 6 h

after ingestion, whereas one study [37] examined the effects

of both chronic and acute polyphenol intake. A large

proportion of the chronic intake studies did not find a

significant effect on platelet function [27, 32, 35–38, 47, 48].

This may reflect the use of blood samples obtained after an

overnight fast. Most polyphenols (which can be considered

xenobiotics) would have been rapidly metabolized and

excreted soon after ingestion [52]. Intervention compounds

and their metabolites may only circulate in the blood for a

limited amount of time. Indeed, a review of 97 bioavai-

lability studies of polyphenols revealed that catechins, gallic

acid, and flavanones have very short half-lives within the

human body [53]. Therefore, perhaps only acute effects

of polyphenols on platelet function may be measurable,

with platelet function returning to baseline levels once

the polyphenols or their metabolites have been removed

from the circulation. Nevertheless, since some chronic-

intake studies taking blood samples after an overnight fast

did find an improvement of platelet function [23, 39, 41, 43,

46], the platelet-inhibiting effects of some of these

compounds or metabolites may have persisted. Such

persistence could arise in several ways. For example, the

compounds responsible for inhibition of platelet aggrega-

tion and activation could have an irreversible effect, so that

daily consumption results in a cumulative effect as

increasing numbers of the whole platelet pool are affected,

until a plateau is reached (approximately one-tenth of the

platelet pool turns over each day). Alternatively, daily acute

suppression of platelet activation and aggregation could

improve the inflammatory status and reduce baseline

platelet activation status as a secondary benefit. The studies

reviewed here suggest that both acute and chronic effects

may result from intake of dietary polyphenols. However, as

the mechanisms by which these effects are achieved are

likely to be different, it is not possible to directly compare

outcomes of acute and chronic studies, and this limits the

conclusions that can be drawn. Design of intervention

studies to measure both acute (day 1) and chronic effects is

necessary to enable the true effects of these dietary

components to be assessed.

4.1.3 Health status of the study population

The underlying health status of the volunteers often influ-

ences the outcome of the study, with more significant

anti-platelet effects observed in volunteers having single

or multiple risk factors for or suffering from disease.

Seventeen of the studies discussed in this review were

performed in healthy subjects [20, 22, 23, 25, 26, 32–36,

38–43, 48], whereas six studies were performed in healthy

subjects with risk factors for CVD [18, 19, 21, 24, 27, 46],

and two studies were performed in CAD patients taking

routine medication [37, 47]. Significant improvements

in platelet function were observed after supplementation in

healthy subjects as well as in high-risk subjects but not

in CAD patients and therefore the health status of the

volunteers did not appear to determine the outcome. The

effects of health status may be linked to baseline platelet

function, which cannot be fully assessed for the studies in

this review. Study populations with very different baseline

platelet function might be expected to respond very diffe-

rently to supplementation with any compounds that inhibit

platelet aggregation and activation. This may be a source of

variability in the studies included in this review, which could

contribute to the sometimes conflicting nature of the

outcomes.
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4.2 Active compounds or metabolites?

In the face of a large body of in vitro anti-platelet efficacy

data for many polyphenolic compounds [16], it is somewhat

surprising that only the flavanols clearly mirror their in vitro
efficacy in vivo. While it appears clear that many sources of

variability in the studies reviewed prevent us from drawing

clear conclusions about the efficacy of dietary polyphenols, it

is also possible that the lack of coherence between studies is

not the only reason for the in vitro versus in vivo discrepancy.

For example, the concentrations of phenolic compounds

that inhibit platelet function in vitro on a detectable level are

often not physiological [16]. Furthermore, bioavailability and

metabolism may explain the divergent effects of in vitro and

in vivo results. It is often not known whether the poly-

phenols or their metabolites influence platelet function. The

bioavailability of most polyphenols is very low. Plasma

concentrations of total metabolites after an oral intake of

50 mg aglycone equivalents range between 0mmol/L for

poorly absorbed polyphenols, such as proanthocyanidins

and anthocyanins, and 4mmol/L for well-absorbed poly-

phenols, e.g. quercetin glucosides [53]. Furthermore, it is

questionable whether individual dietary polyphenols and

their metabolites or the total amount of polyphenols in the

diet cause changes in platelet function [15]. More informa-

tion about the bioavailability of polyphenols and their

metabolites obtained from different food matrices is

required in order to better assess the effects of individual

compounds and compound mixtures on pathways involved

in platelet function in vitro [54].

In conclusion, it is currently difficult to deduce from a

relatively small number of well designed and controlled

human intervention studies if and how polyphenols

improve platelet function. This is mainly due to hetero-

geneity in assessment methods. However, a relatively large

body of evidence suggests that moderate consumption of

especially dark chocolate significantly inhibits platelet acti-

vation and aggregation. The physiological relevance of the

beneficial effects of flavanols acquired from cocoa

consumption on platelets is even comparable to standard

doses of aspirin: consumption of approximately 100 g dark

chocolate with 70% cocoa solids could result in similar

effects to 81 mg of aspirin in an acute setting [55]. The anti-

platelet effect of flavanols can be obtained in both healthy

subjects as well as people at risk for CVD, and appears to be

largest upon acute consumption. To assess whether other

classes of dietary polyphenols, or their metabolites, also

beneficially affect platelet function, more well-controlled

intervention studies as well as the adoption of more uniform

methods to assess platelet aggregation and activation are

needed.
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