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Abstract
Platelet activation occurs in an endothelium-dependent flow-mediated dilation (FMD) impairment environment. The aim
of this study was to explore the association between platelet reactivity and brachial artery FMD in individuals without
established cardiovascular disease (controls) and acute myocardial infarction (AMI) patients. We prospectively assessed
brachial artery FMD in 151 consecutive subjects, 104 (69%) controls, and 47 (31%) AMI patients; 115 (76%) men, mean
age 53  11 years. Following overnight fasting and discontinuation of all medications for  12 h, percent change in brachial
artery FMD (%FMD) and endothelium-independent, nitroglycerin-mediated vasodilation (%NTG) were assessed. Platelet
aggregation was assessed by conventional aggregometry, and platelet adhesion and aggregation under flow conditions by
cone-and-plate(let) technology (Impact-R). Smoking, diabetes, and hypertension were more common in AMI compared to
control subjects (p50.01 for all). Furthermore, aspirin, clopidogrel, beta-blockers, angiotensin-converting enzyme
inhibitors, and statin administration were more common in AMI compared to controls (p50.01 for all). %FMD but not
%NTG was significantly lower in AMI patients compared to controls (10.2  4.2% vs. 15.4  4.4%; p50.001 and
17.2  3.9% vs. 18.0  3.7%, p ¼ 0.803, respectively). %FMD was significantly and inversely associated with all platelet
functions tests (p50.001) in all study participants. In a multivariate logistic regression (unadjusted and adjusted for age,
gender, smoking status, diabetes mellitus, hypertension, hypercholesterolemia, overweight, family history, and concomitant
medications), %FMD remained the best predictor of platelet function, irrespective of group allocation (AMI patients or
controls). In conclusion, FMD is inversely correlated to platelet reactivity in both controls and AMI patients.
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Introduction
Endothelial function, defined as the sum of auto-,
para-, and endocrine interactions of endothelial cells,
counteracts platelet function and vascular inflammation, and inhibits vascular cell proliferation and
vasoconstriction [1]. The vascular endothelium
inhibits platelet adhesion and, to a lesser extent,

platelet aggregation, by the release of nitric oxide
(NO) via increased cytosolin levels of soluble cyclic
guanosine monophosphate [2–6]. Furthermore, the
magnitude of platelet inhibition correlates with the
endothelial vasodilatory effect, which is reduced in
patients with atherosclerosis and endothelial dysfunction [7]. It has been demonstrated that
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endothelial dysfunction reduces the bioavailability of
NO, which plays a key role in the regulation of
vascular and perivascular homeostasis, including
platelet function [8]. Thus, while sustaining vascular
damage, endothelial cells group with their fellow
platelets toward boosting the very same thrombotic
state they oppose in healthy subjects, thereby laying
the foundation for what is termed endothelial
dysfunction [9]. Although platelet activation plays a
major role in the pathogenesis of atherothrombotic
events, only few data exist regarding the predictors
and modulators of platelet reactivity both in healthy
subjects and in patients with acute atherothrombotic
events. Thus, clarification of these predictors might
improve our understanding of the atherothrombotic
process and potentially improve the prevention and
treatment of such events. We hypothesized that
endothelial function may play an important role in
determining platelet reactivity in both healthy and
acute myocardial infarction (AMI) patients.
The aim of this study, therefore, was to explore
the association of platelet and endothelial function
assessed by brachial artery flow-mediated dilation
(FMD) in individuals without established cardiovascular disease (controls) and in AMI patients.

Methods
Study design and population
We prospectively recruited consecutive subjects
without established cardiovascular disease (controls)
and patients with AMI. The control subjects
included individuals with no history of chest pain
or myocardial infarction, coronary artery bypass
grafting surgery, coronary angiography with angioplasty and/or stenting, cerebrovascular accident or
peripheral vascular disease, and who had normal
electrocardiograms (ECGs), and echocardiography.
The AMI patients included those hospitalized with a
diagnosis of AMI 4 days, with typical chest pain
lasting 420 min at rest, ECG changes compatible
with either ST-segment or non ST-segment elevation
and elevated cardiac troponin I. All AMI patients
were treated with aspirin given as a loading dose of
300 mg and 100 mg/day thereafter, and with clopidogrel given as a loading dose of 600 mg and 75 mg/day
thereafter. All AMI patients underwent percutaneous
coronary intervention (PCI) 24 h.
Exclusion criteria included atrial fibrillation, sinus
bradycardia (heart rate 550 bpm) without a pacemaker, sick sinus syndrome, second or third degree
atrio-ventricular block, intolerance to nitrates,
chronic or acute heart failure, renal failure with
serum creatinine 41.5 mg dl1, history of drug or
alcohol abuse, chronic liver disease, or refusal to sign
the informed consent form.

Following an overnight fast and discontinuation of
all medications for 12 h, brachial artery reactivity
testing, ECG and echocardiographic assessment, and
blood tests for measurements of platelet function,
lipids, blood cell count, electrolytes, fasting glucose,
homocysteine,
asymmetric
dimethylarginine
(ADMA), and high-sensitivity C-reactive protein
(hs-CRP), were performed. The blood samples,
except those for platelet function, were centrifuged
immediately for 15 min at 3000 min1. The sera were
stored at 20 C, and tested at the end of the study.
Blood samples for platelet function were assessed
immediately after the blood was drawn. All blood
samples were evaluated in the same laboratory and
by the same operator who was blinded to the
patients’ clinical status and endothelial function
results. The hospital review board approved the
study, and all participants gave written informed
consent.
Endothelial function assessment
Vascular function protocol. Endothelial function in
the form of endothelium-dependent FMD in the
brachial artery was measured, as previously described
[10–16]. Briefly, FMD was assessed by a single
ultrasonographer blinded to the subjects’ clinical
status (i.e. either controls or AMI patients) and
platelet function results. The test was performed in
the subject’s left arm while in a recumbent position
in a quiet, temperature-controlled room (22 C) after
a 10-min equilibration period. Using a 15-6 MHz
linear array (15-6 L HP) ultrasound (HP SONOS
7500 cv system, Agilent Technologies, Inc.,
Andover, MA, USA), the brachial artery was longitudinally imaged approximately 5 cm proximal to the
antecubital crease. An ECG was monitored continuously and blood pressure was taken in the left arm
each minute throughout the study.
Study phases.
Endothelium-dependent FMD
Following a 2-min baseline period, a longitudinal
image of 3 cm of vessel without color flow was
obtained and frozen for 5 s. The image was then
unfrozen and switched to a pulse wave Doppler for
5 s at a sweep speed of 50 mm s1. A pneumatic
tourniquet
(Hokanson,
AG101,
Bellevue,
Washington, DC, USA), placed around the left
upper arm proximal to the target artery (upper-arm
occlusion), was inflated after the baseline phase to
50 mmHg above the subject’s systolic blood pressure
(or until no blood flow was observed in the brachial
artery by Doppler probe), and held for 5 min.
Increased flow was subsequently induced by
sudden cuff deflation, followed by a continuous
scan at deflation, at 20, 40, 60, 90, and 120 s, with
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frozen and Doppler measurements recorded at similar intervals from baseline.
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Nitroglycerin-induced (non-endothelium-dependent)
vasodilatation
A second 2-min baseline resting scan was recorded to
confirm vessel recovery 13 min after cuff deflation.
Scanning was performed continuously for 5 min
following administration of a sublingual nitroglycerin
(NTG) tablet (Nitrostat, 0.4 mg, Park-Davis,
New York, NY, USA).
Data analysis. Ultrasound images were recorded on
an S-VHS videotape with a SLV-RS7 videocassette
recorder (SONY, Japan). Brachial artery diameter
was measured from the anterior to the posterior
interface between the media and adventitia
(‘‘m line’’) at a fixed distance. The mean diameter
was calculated from four cardiac cycles synchronized
with the R-wave peaks on the ECG. All measurements were calculated at end diastole to avoid
possible errors resulting from variable arterial compliance. The internal diameter was calculated with
PC Prosound software (USC, Los Angeles, CA,
USA) using a Horita Data Translation Image
Processing board (DT2862-60 Hz; Mission Viejo,
CA, USA) [11]. %FMD and %NTG were expressed
as the percent change relative to that at the initial
resting scan. %FMD was computed from the formula [(maximum diameter  baseline diameter)/
baseline diameter  100]. %FMD, using the maximal brachial artery diameter achieved after cuff
deflation, was used as an index of endotheliumdependent dilation; percent dilatation obtained
5 min after the administration of nitroglycerin represented %NTG. FMD and NTG vasodilatory
response measurements were carried out in a blind
fashion. The intra-observer correlation coefficients
for baseline and deflation diameters were 0.99. The
absolute error between measurements ranged from
0–0.12 mm (for brachial artery diameter) and
0.02–2.98% (for FMD). The determination of
endothelial function was performed in accordance
with published guidelines [17].
Platelet function assessment
Blood for platelet reactivity was drawn with a loose
tourniquet through a short venous catheter into 3.2%
sodium citrate-containing tubes. Blood samples,
drawn from the AMI patients on the fourth day
after admission and from the control cohort during
the endothelial function ambulatory study, were
centrifuged (140  g for 12 min), and the upper
fraction was collected as platelet-rich plasma. The
remaining blood was centrifuged again (1660  g for
12 min) to obtain platelet-poor plasma. Two tests
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directed at platelet function measurements were
included in this study: (1) platelet aggregation by
conventional aggregometry; and (2) platelet function
under flow conditions.
Platelet aggregation was evaluated by a turbidimetric
PACKS-4
aggregometer
(Helena
Laboratories, Beaumont, Texas) using adenosine
diphosphate (ADP, 5.5 mM) and arachidonic acid
(AA, 1.6 mM) as platelet agonists. Platelet function
under flow conditions was studied using the
Impact-RÕ device (DiaMed, Cresier, Switzerland),
based on the cone and plate(let) analyzer (CPA)
technology [18]. Briefly, the whole blood sample
(130 mL) was placed in a polystyrene well and
subjected to flow (1800 s1 for 2 min) using a rotating
cone. The well was washed and stained with the MayGrünwald stain. Platelet deposition was evaluated by
the Impact-R image analysis system. Platelet adhesion, reflected as surface coverage (SC, %) by
adherent platelet particles including single platelets
and aggregates, was measured. Platelet aggregation
under flow conditions was evaluated as the mean size
of surface-bound aggregates designated as aggregatesize (mm2).
Statistical analysis
A power calculation assessment based on the correlation between endothelial function and platelet
function was performed prior to starting the study.
Using a conventional estimate of sample size and
assuming a 5% relative difference provided a standardized difference of 0.45. Using a p-value of 0.05,
and a power of 80%, the number of patients to be
studied per group was estimated to be 30. It was
concluded by Fisher Z approximation test that a total
of 30 participants per group would suffice to estimate
a correlation with 0.29 precision and a 95% confidence interval. Values are expressed as mean  SD for
continuous variables, and frequencies (%) for categorical variables. Distributions of continuous variables were assessed using the Kolmogorov–Smirnov
test. Endothelial function parameter (%FMD) was
further assessed dichotomously on the basis of its
median value. Correlations between platelet function
tests and %FMD were assessed using the Spearman
correlation test. Comparisons between control subjects and AMI patients, as well as between the 
median %FMD and the 5 median %FMD groups
were assessed using the independent t-test for continuous variables and 2 test for categorical variables.
Multivariate analysis of platelet function tests (5 and
 the median) was performed using the logistic
regression model. Conventional confounders of platelet function tests were chosen for the final model
based on the associations with %FMD. All statistical
calculations were performed using the SPSS 17
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Table I. Patient characteristics.
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Total (n ¼ 151)

Controls (n ¼ 104)

Acute MI (n ¼ 47)

p-Value

Age (y)
Males

53  11
115 (76%)

51  11
75 (72%)

57  11
40 (85%)

Cardiovascular risk factors
Smoking
Diabetes mellitus
Hypertension
Overweight (BMI425 kg m2)
Hypercholesterolemia
Family history

29
13
39
102
79
30

(19%)
(9%)
(26%)
(69%)
(53%)
(20%)

9
5
18
69
57
49

(9%)
(5%)
(17%)
(66%)
(55%)
(47%)

20
8
21
33
22
12

(43%)
(17%)
(47%)
(70%)
(47%)
(27%)

0.001
0.010
50.001
0.399
0.506
0.020

59
47
27
2
36
51

(39%)
(31%)
(18%)
(1%)
(24%)
(34%)

12 (12%)
0
1 (1%)
0
0
7 (7%)

47
47
26
2
36
44

(100%)
(100%)
(55%)
(4%)
(77%)
(94%)

50.001
50.001
50.001
0.554
50.001
50.001

96  24
187  38
116  27
134  78
45  11
13  7
2.5  1.9
0.69  0.22

89  13
194  30
120  22
134  80
48  11
12  7
1.4  1.2
0.67  0.24

110  35
173  48
110  35
134  62
39  9
14  7
19.8  8.6
0.72  0.20

50.001
0.002
0.037
0.989
50.001
0.278
50.001
0.057

55  10

60  5

46  11

50.001

Concomitant medications
Aspirin
Clopidogrel
Beta-blockers
Calcium channel blockers
Angiotensin-converting enzyme inhibitors
Statins
Laboratory results
Fasting glucose (mg dl1)a
Total cholesterol (mg dl1)
LDL-C (mg dl1)
Triglycerides (mg dl1)
HDL-C (mg dl1)
Homocysteine (mmol l1)
Hs-CRP (mg L1)
ADMA (mmol l1)
Echocardiography
Left ventricular ejection fraction (%)

0.002
0.083

Notes: BMI, body mass index; MI, myocardial infarction.
Values are presented as mean  SD or absolute numbers (percent).
p-Value for comparing healthy subjects and myocardial infarction patients.
a
Blood glucose levels were measured after a 12-h fast.

software (statistical package for social science, SPSS
Inc.). P50.05 represented statistical significance.

low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C) were
lower in the AMI patients compared to controls.

Results

Endothelial function assessment

Study population

Although baseline brachial artery diameter was
similar
in
both
groups
(AMI
patients:
5.61  0.83 mm;
controls:
5.63  1.01 mm,
p ¼ 0.922), %FMD (10.2  4.2% vs. 15.4  4.4%,
respectively, p50.001) but not %NTG (17.2  3.9%
vs. 18.0  3.7%, respectively, p ¼ 0.803) was significantly lower in the AMI patients compared to
controls. No adverse effects were noted while
performing brachial artery testing.

The study cohort comprised 151 consecutive subjects, of whom 47 had AMI and 104 were without
established cardiovascular disease (controls). Table I
summarizes baseline characteristics and clinical features of the entire study population. Compared with
controls, the AMI patients were older and more
likely to be males. Smoking, diabetes, and hypertension were more common in the AMI patients, while a
family history of premature coronary artery disease
(CAD) was more common among the controls.
Furthermore, aspirin, clopidogrel, beta-blockers,
angiotensin-converting enzyme inhibitors, and
statin administration were more common in the
AMI patients compared to controls. While homocysteine levels were similar in both groups, fasting
blood glucose, hs-CRP, and ADMA were higher in
the AMI patients. Conversely, total cholesterol,

Platelet function measurements
As expected, both ADP- and AA-induced platelet
aggregations were lower in the AMI patients who
were treated with aspirin and clopidogrel. On the
other hand, platelet adhesion, which is not influenced by anti-aggregate therapy and therefore
reflects baseline platelet reactivity, was greater in
the AMI patients compared to controls, as seen by

Endothelial function predicts platelet function
Table II. Platelet function test results.
Controls (n ¼ 104) AMI (n ¼ 47) p-Value
Conventional aggregometry
ADP-induced
62  28
aggregation (%)
AA-induced
79  27
aggregation (%)
Platelet deposition under flow conditions
Average size (mm2)
38  20
SC (%)
9.8  6.6

48  26

0.006

46  33

50.001

41  24
12.9  9.2

0.340
0.020

5

HDL-C was lower, while serum homocysteine and
hs-CRP were higher in the group with 5, compared
to those with  the median %FMD. The most
significant and prominent findings were the
enhanced platelet function parameters in patients
with 5, compared to those with  the median
%FMD ( p50.001) (Figure 1).
Odds ratios (OR) for %FMD above the median by
platelet function tests above median compared to
below the median are presented in Table V.

Notes: ADP, adenosine diphosphate; AA, arachidonic acid.
Values are presented as mean  SD.

Discussion
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Table III. Correlation between platelet function and %FMD
(age-adjusted).
%FMD
r

p

ADP-induced platelet aggregation (%)
Total
0.50
Control subjects
0.63
AMI patients
0.53

50.001
50.001
50.001

AA-induced platelet aggregations (%)
Total
0.53
Control subjects
0.50
AMI patients
0.82

50.001
50.001
50.001

Aggregate size (mm2)
Total
Control subjects
AMI patients

0.54
0.56
0.63

50.001
50.001
50.001

SC (%)
Total
Control subjects
AMI patients

0.58
0.57
0.68

50.001
50.001
50.001

Notes: %FMD, percent flow-mediated vasodilation; ADP, adenosine diphosphate; AA, arachidonic acid.

significantly higher SC under flow conditions
(p50.001) (Table II).
Association between platelet function and endothelial
function
A significant inverse association was observed in both
groups between %FMD and all measured platelet
function parameters (p50.001) (Table III). Thus,
the greater the vasodilation in response to reactive
hyperemia, the lower the platelet adhesion and
aggregation, as assessed by both conventional aggregometry and under flow conditions.
To further determine the association of platelet
function and %FMD, the study cohort was stratified
into those with %FMD  or 5 the median of 13.4%
(Table IV). There were more males, hypertensives,
overweight patients, and aspirin users in the
group with 5 the median %FMD. Furthermore,

This study demonstrates a significant inverse association between two of the most influential parameters
in cardiovascular health and disease: FMD and
platelet function. A significant inverse correlation
was demonstrated both in AMI patients and subjects
without established cardiovascular disease (controls).
Furthermore, in a multivariate logistic regression,
endothelial function, assessed by brachial FMD,
remained the best predictor of platelet function.
Prior studies have shown significant individual
variability in platelet reactivity and in platelet
response to anti-aggregatory therapy [19, 20]. It has
been speculated that platelet hyper-aggregation confers increased risk for atherothrombotic events.
Moreover, the variability in platelet inhibition in
response to anti-aggregants in patients sustaining an
AMI and/or undergoing PCI, has been established as
an important independent predictor of thrombotic
complications and ultimately of short- and long-term
clinical outcomes [21–25]. Nevertheless, only few
data exist regarding the regulation of platelet reactivity and its response to anti-aggregants. The results
of this study suggest a potential mechanism which
might partially explain the variability in platelet
reactivity.
Furthermore, endothelial dysfunction has been
shown to be an independent risk factor for the
development and progression of cardiovascular disease, including AMI, stroke, and a need for urgent
percutaneous transluminal coronary angioplasty
[26–31], and the reverse association between endothelial function and platelet reactivity could contribute to the above-mentioned relationship between
endothelial function and clinical outcomes.
The nature of the association between endothelial
function and platelet reactivity is unclear. Blood
platelets and endothelial cells might interact in two of
the following ways:
(1) via an indirect, paracrine path, using bloodborne mediators and (2) via a direct path, in which
close physical contact triggers an array of intracellular cascades that result in structural and/or functional changes within each or both cell types.
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Table IV. Patient characteristics according to median %FMD.
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%FMD  13.4% (n ¼ 76)

%FMD513.4% (n ¼ 75)

p-Value

Age (y)
Males
AMI

51  9
49 (64%)
16 (21%)

55  1
66 (88%)
31 (41%)

0.008
0.001
0.009

Cardiovascular risk factors
Smokers
Diabetes mellitus
Hypertension
Overweight (BMI425 kg m2)
Hypercholesterolemia
Family history
BMI (kg m2)

16 (21%)
4 (5%)
14 (19%)
46 (61%)
35 (47%)
30 (40%)
26  4

13 (17%)
9 (12%)
25 (34%)
56 (76%)
44 (60%)
31 (42%)
28  3

0.356
0.140
0.036
0.060
0.118
0.868
0.022

Concomitant medications
Aspirin
Beta-blockers
Angiotensin-converting enzyme inhibitors
Diuretics
Statins

12
13
14
3
21

47
14
22
4
30

0.006
0.843
0.116
0.715
0.086

Blood tests
Platelets (number ml1)
Creatinine (mg dl1)
Glucosea (mg dl1)
Total cholesterol (mg dl1)
LDL-C (mg dl1)
Triglycerides (mg dl1)
HDL-C (mg dl1)
Homocysteine (mmol l1)
Hs-CRP (mg l1)
Asymmetric dimethylarinine (mmol l1)
Echocardiography
Left ventricular ejection fraction (%)
Platelet function tests
Conventional aggregometry
Adenosine diphosphate aggregation (%)
Arachidonic acid aggregation (%)
Platelet function under flow conditions
Aggregate size (mm2)
SC (%)

(16%)
(17%)
(18%)
(4%)
(28%)

(63%)
(19%)
(29%)
(5%)
(42%)

259 090  68 072
1.27  0.50
93  23
188  31
115  22
120  92
48  11
11  4
5.9  5.3
0.65  0.23

251 330  84 691
1.49  0.62
99  25
186  44
117  31
149  145
42  10
14  9
21.1  18.8
0.72  0.24

0.542
0.675
0.107
0.777
0.723
0.148
0.001
0.030
0.012
0.064

57  9

55  11

0.386

46.6  25.2
33.5  25.5

68.2  26.3
69.1  30.4

50.001
50.001

28  13
6.9  3.5

51  22
14.8  8.5

50.001
50.001

Notes: BMI, body mass index.
Values are presented as mean  SD or absolute numbers (percent).
a
Blood glucose level was measured after a 12-h fast.

As demonstrated in previous investigations, any
insult faced by either platelets or endothelium soon
translates into homeostatic disruption in both of
them, thereby creating a vicious cycle that ultimately
ends in vascular damage [32, 33]. Therefore, based
on the results of this study, enhanced platelet activity
and endothelial dysfunction are closely related, and
in effect, are two sides of the same fundamental
disease.
Our study results concur with the results of
Cowley et al. [34, 35] who found a similarity between
platelet behavior and vascular tone, assessed by
forearm blood flow (venous occlusion plethysmography), in response to cold stimulation in a group of
volunteers who had not taken any drugs. In 26
normal volunteers, there was a close correlation

between the maximum vasoconstrictor response to
cold and the threshold concentration of sodium
arachidonate that was needed to induce platelets
from each individual to aggregate and to undergo a
release reaction. Furthermore, infusion of epoprostenol (prostacyclin) in five volunteers altered both
the maximum vasoconstrictor response to cold and
the threshold concentration of sodium arachidonate
needed to induce platelet aggregation in a manner
corresponding to this relationship. Cowley et al.
[34, 35] consequently found, that endothelial function, assessed by venous plethysmography had a
reciprocal association with platelet reactivity.
Heitzer et al. [36] recently demonstrated that
clopidogrel improves endothelial NO bioavailability
and diminishes biomarkers of oxidant stress and

Endothelial function predicts platelet function
(A)

(B)

Conventional aggregometry

Platelet deposition under flow conditions
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0

0

0
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Arachidonic acid
aggregation (%) aggregation (%)

p <0.001

CPA average
size (μM 2)

CPA surface
coverage (%)
FMD < 13.4% (n=75)
FMD ≥ 13.4% (n=76)

Figure 1. Platelet function parameters [(A) conventional aggregometry and (B) platelet deposition under flow conditions] as a function of
endothelial function. All parameters of platelet function were significantly higher among participants with5the median FMD of 13.4% (in
red), compared with those with  the median (in yellow) (p50.001). ADP, adenosine diphosphate; CPA, cone and plate(let) analyzer; SC,
surface coverage; FMD, flow-mediated dilation.

Table V. OR for %FMD above the median (of 13.4%) by platelet function parameters above vs. below the median.

Conventional aggregometry
ADP-induced aggregations (4median of 58%)
AA-induced aggregations (4median of 45%)
Platelet deposition under flow conditions
SC (4median of 9%)
Average size (4median of 34 mm2)

OR (95% CI)
unadjusted

OR (95% CI) age and
gender adjusted

OR (95% CI)
multivariate adjusteda

3.42 (1.75–6.67)
7.20 (3.51–14.75)

3.34 (1.63–6.84)
7.53 (3.47–16.31)

5.36 (2.47–11.64)
7.35 (3.48–15.53)

11.98 (5.56–25.84)
6.75 (3.31–13.76)

11.16 (4.98–24.96)
6.97 (3.23–15.01)

12.66 (5.68–28.21)
7.89 (3.63–17.13)

Notes: AA, arachidonic acid; ADP, adenosine diphosphate; CI, confidence interval; FMD, flow-mediated dilation; OR, odds ratio; SC,
surface coverage.
a
Adjusted for age, gender, smoking status, diabetes mellitus, hypertension, hypercholesterolemia, overweight, family history, and
concomitant medications.

inflammation in patients with symptomatic CAD,
suggesting that beyond inhibition of platelet aggregation, adenosine phosphate receptor blockade may
also have vasoprotective effects. Furthermore,
Warnholtz et al. [37] recently demonstrated that
clopidogrel dose-dependently improves endothelial
dysfunction in stable CAD patients. Clopidogrel
dose- and time-dependently inhibited the platelet
ADP P2Y12 receptor without correlation with its
stimulatory effects on FMD. In this study, however,
although all AMI patients were treated with clopidogrel, %FMD was significantly worse among AMI

patients compared to controls [17, 19, 29], whereas
%NTG, which represents smooth muscle-dependent
vasodilatation, was similar in both groups.
While ADP- and AA-induced platelet aggregations observed in this study were higher in the
controls; platelet adhesion under flow conditions was
higher in the AMI group. It seems that extensive
exposure to anti-platelet therapy among AMI
patients may be the cause of the lower aggregation
values.
In this study, significantly higher levels of hs-CRP
and ADMA in the AMI group compared to controls,
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suggest that endothelial function serves as a marker
of platelet function, and vice versa. Thus, it is
reasonable to assume that this association is probably
due to mere differences in vascular environment
which are related to both platelets and endothelial
cells.
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Limitations
This study, however, suffers from a number of
weaknesses: (1) endothelial function was assessed
using a single technological approach without taking
into account endothelial activation markers (such as
endothelin, reactive oxygen species such as superoxide anions, RANTES and CD40L and IL-10), or
oxidative stress status which could have provided a
more comprehensive view of endothelium function;
(2) the FMD method is prone to technical and
biological variability, although such problems were
minimized due to the skilled personnel who conducted the tests [8]; (3) inability to reach an absolute
conclusion regarding women, due to the very high
male percentage among the participants; (4) based
on the current data we cannot establish a causal
relationship. In light of these limitations, further
studies are needed that will implement a wider range
of endothelial function parameters and include larger
samples with higher female-to-male ratios.
Conclusions
In conclusion, endothelial function, as assessed by
brachial artery FMD, is inversely correlated to
platelet reactivity in individuals without established
cardiovascular disease as well as in AMI patients,
suggesting that endothelial function may play a major
role in determining platelet reactivity. Therefore,
based on the results of this study, enhanced platelet
activity and endothelial dysfunction are closely
related, and in effect, are two sides of the same
fundamental disease.

Acknowledgments
The authors wish to thank Mr. Vitali Usamov and
Mrs. Stanislava Gilman, for their devotion and
patient dedication while operating the endothelial
function test, and Mrs. Vivienne York, for her
editorial assistance.
Declaration of interest: The authors state that no
conflict of interest exists regarding the possible
publication of this article.
Funding
Source of funding: none.

References
1. Lerman A, Zeiher AM. Endothelial function. Circulation
2005;111:363–368.
2. Azuma H, Ishikawa M, Sekizaki S. Endothelium-dependent
inhibition of platelet aggregation. Br J Pharmacol
1986;88:411–415.
3. Furlong B, Henderson AH, Lewis MJ, Smith JA.
Endothelium-derived relaxing factor inhibits in vitro platelet
aggregation. Br J Pharmacol 1987;90:687–692.
4. Bhardwaj R, Page CP, May GR, Moore PK. Endotheliumderived relaxing factor inhibits platelet aggregation in human
whole blood in vitro and in the rat in vivo. Eur J Pharmacol
1988;157:83–91.
5. Pohl U, Busse R. EDRF increases cyclic GMP in platelets
during passage through the coronary vascular bed. Circ Res
1989;65:1798–1803.
6. Cominacini L, Zatti M, Lechi A. Oxidized LDL and the
reduction of the antiaggregating activity of nitric oxide derived
from endothelial cells. Thromb Haemost 1995;74:1175–1179.
7. Diodati JG, Dakak N, Gilligan DM, Quyyumi AA. Effect of
atherosclerosis on endothelium-dependent inhibition of platelet activation in humans. Circulation 1998;98:17–24.
8. Naseem KM. The role of nitric oxide in cardiovascular
diseases. Mol Asp Med 2005;26:33–65.
9. Widlansky ME, Gokce N, Keaney J, Vita JA. The clinical
implication of endothelial dysfunction. J Am Coll Cardiol
2003;42:1149–1160.
10. Shechter M, Sharir M, Paul Labrador M, Forrester J,
Merz CN. Improvement in endothelium-dependent brachial
artery flow-mediated vasodilation with low-density lipoprotein
cholesterol levels below 100 mg/dL. Am J Cardiol
2000;86:1256–1259.
11. Shechter M, Sharir M, Labrador MJ, Forrester J, Silver B,
Bairey Merz CN. Oral magnesium therapy improves endothelial function in patients with coronary artery disease.
Circulation 2000;102:2353–2358.
12. Freimark D, Feinberg SM, Matetzky S, Hochberg N,
Shechter M. The impact of short-term intermittent intravenous dobutamine therapy on endothelial function in patients
with severe chronic heart failure. Am Heart J
2004;148:878–882.
13. Shechter M, Matetzky S, Feinberg MS, Chouraqui P,
Rotstein Z, Hod H. External counterpulsation therapy
improves endothelial function in patients with refractory
angina pectoris. J Am Coll Cardiol 2003;42:2090–2095.
14. Shechter M, Beigel R, Freimark D, Matetzky S, Feinberg MS.
Short-term sibutramine therapy is associated with weight loss
and improved endothelial function in obese patients with
coronary artery disease. Am J Cardiol 2006;97:1650–1653.
15. Shechter M, Matetzky S, Arad M, Feinberg MS, Freimark D.
Vascular endothelial function predicts mortality risk in
patients with advanced ischaemic chronic heart failure. Eur J
Heart Fail 2009;11:588–593.
16. Talia L, Karasik A, Feinberg MS, Shechter M. The acute
effect of various glycemic index dietary carbohydrates on
endothelial function in normoglycemic subjects. J Am Coll
Cardiol 2009;53:2283–2287.
17. Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D,
Charbonneau F, Creager MA, Deanfield J, Drexler H,
Gerhard-Herman M, Herrington D, et al. Guidelines for
ultrasound assessment of endothelial-dependent flowmediated vasodilation of the brachial artery: A report of the
International Brachial Artery Reactivity Task Force. J Am Coll
Cardiol 2002;39:257–265.
18. Varon D, Dardik R, Shenkman B, Kotev-Emeth S,
Farzame N, Tamarin I, Savion N. A new method for
quantitative analysis of whole blood platelet interaction with

Endothelial function predicts platelet function

19.

20.

21.

Platelets Downloaded from informahealthcare.com by Tel Aviv University on 08/16/11
For personal use only.

22.

23.

24.

25.

26.

27.

extracellular matrix under flow conditions. Thromb Res
1997;85:283–294.
Gurbel PA, Bliden KP, Hiatt BL, O’Connor CM. Clopidogrel
for coronary stenting: Response variability, drug resistance,
and the effect of pretreatment platelet reactivity. Circulation
2003;107:2908–2913.
Serebruany VL, Steinhubl SR, Berger PB, Malinin AI,
Bhatt DL, Topol EJ. Variability in platelet responsiveness to
clopidogrel among 544 individuals. J Am Coll Cardiol
2005;45:246–251.
Muller I, Besta F, Schulz C, Massberg S, Schonig A,
Gawaz M. Prevalence of clopidogrel non-responders among
patients with stable angina pectoris scheduled for elective
coronary
stent
placement.
Thromb
Haemost
2003;89:783–787.
Matetzky M, Shenkman B, Guetta V, Shcechter M, Bienart R,
Goldenberg I, Novikov I, Pres H, Savion N, Varon D, et al.
Clopidogrel resistance is associated with increased risk of
recurrent atherothrombotic events in patients with acute
myocardial infarction. Circulation 2004;109:3064–3067.
Cuisset T, Frere C, Quilici J, Barbou F, Morange PE,
Hovasse T, Bonnet JL, Alessi MC. High post-treatment
platelet reactivity identified low-responders to dual antiplatelet
therapy at increased risk of recurrent cardiovascular events
after stenting for acute coronary syndrome. J Thromb
Haemost 2006;4:542–549.
Lev EI, Patel RT, Maresh KJ, Guthikonda S, Grandada J,
DeLao T, Bray PF, Kleiman NS. Aspirin and clopidogrel
drug response in patients undergoing percutaneous coronary
intervention: The role of dual drug resistance. J Am Coll
Cardiol 2006;47:27–33.
Gurbel PA, Bliden KP, Guyer K, Cho PW, Zaman KA,
Kreutz RP, Bassi AK, Tantry US. Platelet reactivity in patients
and recurrent events post-stenting: Results of the PREPARE
POST-STENTING
study.
J
Am
Coll
Cardiol
2005;46:1820–1826.
Cohn JN, Quyyumi AA, Hollenberg NK, Jamerson KA.
Surrogate markers for cardiovascular disease – functional
markers. Circulation 2004;109(suppl IV):IV31–IV46.
Gokce N, Keaney Jr JF, Hunter LM, Watkins MT,
Menzoian JO, Vita JA. Risk stratification for postoperative
cardiovascular events via noninvasive assessment of endothelial
function:
A
prospective
study.
Circulation
2002;105:1567–1572.

9

28. Halcox JP, Schenke WH, Zalos G, Mincemoyer R, Prasad A,
Waclawiw MA, Nour KRA, Quyyumi AA. Prognostic value of
coronary vascular endothelial dysfunction. Circulation
2002;106:653–658.
29. Heitzer T, Schlinzig T, Krohn K, Meinertz T, Münzel T.
Endothelial dysfunction, oxidative stress, and risk of cardiovascular events in patients with coronary artery disease.
Circulation 2001;104:2673–2678.
30. Perticone F, Ceravolo R, Pujia A, Ventura G, Iacopino S,
Scozzafava A, Ferraro A, Chello M, Mastroroberto P,
Verdecchia P, et al. Prognostic significance of endothelial
dysfunction
in
hypertensive
patients.
Circulation
2001;104:191–196.
31. Schachinger V, Britten MB, Zeiher AM. Prognostic impact of
coronary vasodilator dysfunction on adverse long-term outcome
of
coronary
heart
disease.
Circulation
2000;101:1899–1906.
32. Sorensen KE, Celermajer DS, Spiegelhalter DJ,
Georgakopoulos D, Robinson J, Thomas O, Deanfield JE.
Non-invasive detection of human endothelium dependent
arterial responses: Accuracy and reproducibility. Br Heart J
1995;74:247–253.
33. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ,
Miller OI, Sullivan ID, Lloyd JK, Deanfield JE. Non-invasive
detection of endothelial dysfunction in children and adults at
risk of atherosclerosis. Lancet 1992;340:111–115.
34. Cowley AJ, Stainer K, Cockbill S, Heptinstall S. Correlation
between platelet behavior and cold-induced vasoconstriction
in man, and the effects of epoprostenol infusion. Clin Sci
1984;67:511–514.
35. Cowley AJ, Heptinstall S, Mitchell JRA. Similarity between
platelet and blood-vessel reactivity. Lancet 1985;2:154–155.
36. Heitzer T, Rudolph V, Schwedhelm E, Karstens M, Sydow K,
Ortak M, Tschentscher P, Meinertz T, Böger R, Baldus S.
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