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Abstract
Morning increase in the occurrence of myocardial infarction, stroke and sudden cardiac death is a well-recognized
phenomenon, which is in line with a morning enhancement of platelet aggregation. We investigated whether platelet
inhibition during clopidogrel and aspirin therapy varies during the day. Fifty-nine consecutive patients (45 men and 14
women) with first ST-segment elevation myocardial infarction (STEMI) treated with primary percutaneous coronary
interventions (pPCI) on dual antiplatelet therapy were prospectively enrolled into the study. Blood samples were collected
4 days after start of clopidogrel treatment at 6.00 a.m., 10.00 a.m., 2.00 p.m. and 7.00 p.m. Arachidonic acid and adenosine
diphosphate (ADP)-induced platelet aggregation were assessed by impedance aggregometry. Platelet inhibition by
clopidogrel was lowest in the midmorning: median ADP-induced platelet aggregation was 55%, 17% and 27% higher at
10.00 a.m. compared to 6.00 a.m., 2.00 p.m. and 7.00 p.m., respectively ( p < 0.002). Nonresponsiveness to clopidogrel
defined according to the device manufacturer was 2.4-fold more frequent in the midmorning than in the early morning.
We observed a more pronounced midmorning increase in ADP-induced platelet aggregation in diabetic patients when
compared to non-diabetics. In contrast, no diurnal variation in the antiplatelet effect of aspirin was observed. In conclusion,
in patients presenting with STEMI undergoing pPCI, platelet inhibition by clopidogrel is less strong in the midmorning
hours. This periodicity in platelet aggregation in patients on dual antiplatelet therapy should be taken into consideration
when assessing platelet function in clinical studies.
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Introduction
Antiplatelet agents are the mainstay of treatment to
prevent and manage atherothrombotic events [1, 2].
However, despite extensive use of antiplatelet therapy, adverse cardiac events continue to occur in a
substantial proportion of patients. Numerous reports
have demonstrated considerable inter-individual variability in response to antiplatelet drugs [3, 4].
Insufficient platelet inhibition was suggested to
account for many of the ischaemic cardiac events.
Furthermore, clinical data linking both aspirin and

clopidogrel resistance with unfavourable outcomes
are constantly growing [5–8]. Additionally, interventional cardiology successfully broadens its horizons
to complex patients and challenging lesions with a
high thrombotic risk. On the other hand, hyperresponsiveness to aspirin and to P2Y12 receptor
blockers such as thienopyridines may pose a serious
threat of bleeding [9, 10].
Due to the limited number of events in these
studies, routine monitoring of platelet function is not
recommended [11]. In addition, an optimal method
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of platelet testing as well as cut-off values associated
with high cardiovascular risk remains to be determined. The recent widespread use of drug-eluting
stents associated with the necessity for prolonged
dual antiplatelet therapy further underscores the
importance of these issues.
Most of the studies indicating a prognostic value
of platelet hyperactivity do not specify the exact
timing of blood sampling [5, 7, 8]. However, a
previously performed pilot study suggested differences in diurnal platelet activity despite treatment
with clopidogrel and aspirin [12]. This fact might
have a profound impact on the interpretation of the
obtained results, as previous observations have
related increased morning platelet aggregation present in healthy subjects, as well as in patients with
coronary artery disease without adequate antiplatelet
treatment, with the phenomenon of morning excess
of myocardial infarction, stroke and sudden cardiac
death [13–17]. Furthermore, a recent study demonstrated that inhibition of platelets by clopidogrel and
aspirin may be attenuated immediately after coronary
stenting [18]. Although the authors suggested that
the time of day of platelet function testing is
important for the determination of cut-off points
and the definition of nonresponsiveness to antiplatelet drugs, data supporting this hypothesis are scarce.
The aim of the study was to assess diurnal
variation in platelet aggregation in patients with
first ST-segment elevation myocardial infarction
(STEMI) treated with primary percutaneous coronary intervention (pPCI) on dual antiplatelet
therapy.

Methods
Study design and patients
Fifty-nine consecutive patients (45 men and 14
women) admitted to the Department of Cardiology
and Internal Medicine of the Collegium Medicum in
Bydgoszcz with a diagnosis of first STEMI and
designated to undergo pPCI were prospectively
recruited into the study. The enrolment criteria
were: typical angina pain at rest for at least 20 min,
symptom onset less than 12 h before admission to hospital, and electrocardiographic features of currently
evolving STEMI (elevation of ST segment 0.1 mV
in at least two limb leads or 0.2 mV in at least
two precordial leads). Trial exclusion criteria consisted of:
.
.
.
.

age less than 18 years and over 80 years;
a history of previous myocardial infarction;
prior coronary revascularization;
cardiogenic shock at admission or initiation of
the treatment with vasopressors before pPCI;

. bundle branch block;
. a history of chronic heart failure in functional
class III or IV of the New York Heart
Association, or haemodynamically significant valvular heart disease or idiopathic
cardiomyopathy;
. a history of cardiac pacing or indications for
temporal cardiac pacing;
. persistent atrial fibrillation or other indication for oral anticoagulants;
. thrombocytopenia (<100 000/mm3) or history of congenital or acquired bleeding
disorder;
. a history of malignant neoplasm in the past
5 years;
. recent trauma or major surgery (within
2 months prior to enrolment);
. chronic obstructive pulmonary disease;
. any symptomatic concomitant infection;
. any concomitant immunosuppressive therapy including the use of steroids; and
. chronic kidney disease defined as serum
creatinine 42 mg/dl or the need for renal
replacement therapy.
All participants provided informed written consent. The study protocol was approved by the
Local Ethics Committee in accordance with the
Declaration of Helsinki.
Pharmacotherapy
At the first contact with health care providers
immediately after the diagnosis of STEMI, all
patients were pre-treated with an intravenous bolus
of unfractionated heparin (70 IU/kg, but not more
than 5000 IU) and oral loading doses of clopidogrel
(600 mg) and aspirin (300 mg). At the catheterization
laboratory, a second dose of unfractionated heparin
was intra-arterially administered in a weight-adjusted
manner (up to 100 IU/kg) or under activated clotting
time guidance (to the target range 200–250 s) when
abciximab was intended. Abciximab was given at the
discretion of the invasive cardiologist. The drug was
injected as an intracoronary bolus 0.25 mg/kg with a
subsequent intravenous infusion of 0.125 mg/min for
12 h according to the manufacturer’s recommendations. Throughout the hospitalization period, clopidogrel and acetylsalicylic acid were continued in
single doses of 75 mg given at 8.00 a.m. Postdischarge antiplatelet therapy was planned in accordance with the current European recommendations.
Concomitant medications in all patients included
ramipril and bisoprolol, provided at 8.00 a.m. in
doses adjusted for resting heart rate and blood
pressure, and atorvastatin administered at 8.00 p.m.
Additionally, six (10.2%) patients were treated with
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Coronary angiography and pPCI procedures were
performed using the standard technique via the
femoral artery with the aid of an Integris Allura
device (Philips, the Netherlands). Non-ionic lowosmolar contrast media were applied. During angiography, at least five left coronary artery and three
right coronary artery projections were taken after
previous administration of 0.3 mg nitroglycerine into
the coronary vessels, if arterial pressure was sufficient. Epicardial coronary flow was assessed according to the Thrombolysis in Myocardial Infarction
(TIMI) scale. In all patients, bare metal stents were
implanted. Optimal direct effect of the intervention
was assigned when no residual stenosis or a stenosis
of less than 20% of the reference segment diameter
along with TIMI 3 flow in the infarct-related artery
were observed.

is displayed in arbitrary units (10 AU  min ¼ 1 U).
In previous studies, AUC highlighted as the parameter with the highest diagnostic power [20, 21].
To assess a platelet response to aspirin and clopidogrel, we applied arachidonic acid (AA) and adenosine diphosphate (ADP)-induced aggregation.
AA serves as the substrate of cyclooxygenase,
blocked by aspirin and necessary for the synthesis
of a potent platelet agonist, thromboxane A2. ADP
stimulates platelet activation by the ADP receptors
that are blocked by clopidogrel. Using this fast and
standardized method, comprehensive information on
platelet function and antiplatelet therapy can be
obtained. Reported intra-assay coefficients of variations (CVs) were 11.5% for AA-test and 14.1% for
ADP-test, while intra-individual CVs were 11.4% for
AA-test and 13.7% for ADP-test, respectively [22].
The manufacturer recommends 30 and 50 U as the
cut-off values associated with platelet hyperreactivity
in patients on aspirin and clopidogrel therapy,
respectively.

Measurement of platelet aggregation

Statistical analysis

Blood samples were collected into hirudin-containing tubes (Dynabyte Medical, Munich, Germany)
at 6.00 a.m., 10.00 a.m., 2.00 p.m. and 7.00 p.m.
The fourth day of hospitalization was chosen for
blood sampling because at this time the patient with
acute myocardial infarction is usually mobile, usually
leaves the coronary care unit, and both aspirin and
clopidogrel reach the steady state [8, 19]. If a patient
was admitted after 7.00 p.m., the next day was
counted as the first day of hospital stay.
Whole blood aggregation was determined using
multiple electrode aggregometry (MEA) on a new
generation impedance aggregometer (Multiplate
Analyzer, Dynabyte Medical, Munich, Germany)
according to the manufacturer’s instructions [20].
The principle of impedance aggregometry is based
on the fact that platelets get sticky upon activation,
and therefore have a tendency to adhere and aggregate on metal sensor wires in the test cell.
One MultiplateÕ test cell incorporates two independent sensor units, each consisting of two silvercoated highly conductive wires. When activated
platelets adhere onto the sensor wires, the electrical
resistance between the wires rises, which is continuously registered. The instrument detects the impedance change of each sensor separately and transforms
it into arbitrary aggregation units (AU) that are
plotted against time. The area under the aggregation
curve (AUC) is an estimator of platelet aggregation
that was evaluated in our study. It is affected by the
total height of the AUC as well as by its slope and is
best suited to express overall platelet activity.
Aggregation, quantified as the area under the curve,

In order to achieve a 31% difference in ADP-induced
platelet aggregation, we estimated that a sample size
of 55 would have 92% power to detect an absolute
difference in means of 6.6 U (e.g. a first condition
mean of 21.4 U [23] and a second condition mean of
28.0 U), assuming a standard deviation of differences
of 14.0, with a 0.05 two-sided significance level. To
compensate for potential withdrawal of consent, lack
of aggregation assessed due to clot formation, or
other reasons, we enrolled four additional patients.
Use of the Shapiro–Wilk test demonstrated that
the investigated variables were not normally distributed. Therefore, continuous results were reported
throughout the manuscript as median values and
interquartile ranges. However, in the results section,
we also provided mean values and standard deviations of AA- and ADP-induced platelet aggregation
assessed at different sampling points. Multiple comparisons were analysed with the ANOVA Friedman
test, whereas the Wilcoxon matched-paired rank sum
test was used for comparisons between two sampling
points. Dependent qualitative data were assessed
with the use of Cochran’s Q-test. Correlations were
tested with the Spearman rank correlation test.
A value of two sided p < 0.05 was considered
statistically significant; 0.05  p < 0.1 was regarded
as a trend towards statistical significance, while
p  0.1 was marked as NS. All statistical computations except power analysis were carried out with
Statistica, version 8.0 (StatSoft, Tulsa, USA) while
sample size calculation was performed with nQuery
advisor, version 7.0 (Statistical Solutions, Cork,
Ireland).

pantoprazole while one (1.7%) participant received
amlodipine.
Percutaneous coronary interventions
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Study population and pPCI
The study participants reflected a typical population
of patients with first STEMI referred for pPCI. Age
of patients ranged from 35 to 83 years, with a median
value of 55. Slightly more than three-quarters of
subjects were male gender. Most of participants
suffered from overweight or obesity (median body
mass index 27.4 kg/m2), arterial hypertension
(52.5%) and moderate hypercholesterolemia (median
total cholesterol and LDL cholesterol levels on
hospital admission 228.5 and 153.0 mg/dl, respectively). Diabetes mellitus was diagnosed in 28.8% of
study participants. The majority of patients were
smokers including 67.8% of current smokers and
10.2% of former smokers. The comprehensive clinical characteristics of the study population are
presented in Table I.
All patients underwent bare metal coronary
stenting that was in most cases limited to the culprit
lesion. Direct stenting was frequently applied (59.3%
of subjects). Optimal direct effect of the intervention
was achieved in all patients. Abciximab was administered in 16 (27.1%) participants. Relatively high
inflation pressures with a median value of 18.0 atm
were used to adequately implant typically wide and
medium length stents.
Platelet aggregation
Platelet counts evaluated at baseline and 4 days after
start of dual antiplatelet therapy were comparable in
the overall study population (233 [197–278] vs. 227
Table I. Clinical characteristics of the study population (n ¼ 59).
Age (years)

55.0 (50.0–65.0)

Gender (male/female)
Infarct location:
anterior/inferior/lateral wall
Time from symptom onset (h)
CK-max (U/L)
CK-MBmax (U/L)
TnImax (ng/ml)
LVEF (%)
Risk factors of
coronary artery disease
Body mass index (kg/m2)
Arterial hypertension
Diabetes mellitus

45 (76.3%)/14 (23.7%)
14 (23.7%)/43 (72.9%)/2 (3.4%)

Current smokers
History of smoking
Positive family history
Total cholesterol (mg/dl)
LDL (mg/dl)
HDL (mg/dl)
Triglicerydes (mg/dl)

[184–263]  103  ml1; p ¼ NS) as well as in the
subgroup treated with abciximab (217 [198–270] vs.
222 [185–261]  103  ml1; p ¼ NS). Drops in the
platelet count greater or equal to 25% on the fourth
day of hospitalization with respect to the baseline
level occurred in four patients (none of them
received abciximab). However, in all participants
the platelet count was at least 100  103  ml1 when
aggregation was assessed.
A substantial diurnal variation in ADP-induced
platelet aggregation in subjects with STEMI treated
in line with contemporary clinical practice was
observed. Platelet inhibition by clopidogrel was
lowest in the midmorning: median ADP-induced
platelet aggregation was 55%, 17% and 27% higher
at 10.00 a.m. compared to 6.00 a.m. (median value
[interquartile range] 28.0 [15.0–48.0] vs. 18.0 [10.0–
29.0] U; mean value  standard deviation 33.9 
25.6 vs. 22.5  17.2 U; p < 0.001), 2.00 p.m. (24.0
[10.0–34.0] U; 27.8  25.1 U; p < 0.007) and
7.00 p.m. (22.0 [12.5–36.5] U; 28.4  24.7 U;
p < 0.02), respectively. The ANOVA Friedman
test indicated a significant heterogeneity among
diurnal levels of ADP-dependent platelet aggregation
( p < 0.002; Figure 1). After exclusion of standing-off
values, a considerable heterogeneity of ADP-induced
platelet aggregation at different sampling points was
maintained ( p < 0.02). Nonresponsiveness to clopidogrel defined as AUC450 U was 2.4-fold more
frequent in the midmorning than in the early
morning (20.3% at 10.00 a.m. vs. 8.5% at
6.00 a.m.; Table II). The magnitude of the midmorning increase in platelet aggregation after ADP
stimulation was not associated with the level of platelet reactivity in the early morning. Furthermore, we

3.2 (2.0–7.0)
1852.0 (765.0–2890.0)
230.0 (96.0–354.0)
48.9 (11.0–50.0)
47.0 (41.0–50.0)

27.4 (25.3–30.0)
31 (52.5%)
17 including 6 newly
diagnosed patients
40 (67.8%)
6 (10.2%)
14 (23.7%)
228.5 (189.0–257.0)
153.0 (127.0–187.0)
43.5 (34.0–51.0)
97.5 (75.0–130.0)

Figure 1. Diurnal variation of ADP-induced platelet aggregation
assessed 4 days after the start of dual antiplatelet therapy in
patients with STEMI. Data are presented as medians, interquartile
ranges and non-outlier ranges. Statistical significance p was
calculated for heterogeneity among diurnal levels of ADP-induced
platelet aggregation.
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tried to explore which factors might have an impact
on the magnitude of morning increase in ADPinduced platelet aggregation. We took into account
all variables reported in Table I as well as administration of abciximab, pantoprazole and amlodipine.
We observed significantly higher values of platelet
aggregation after ADP stimulation only at 10.00 a.m.
in diabetics in comparison to non-diabetics, without
any differences at other sampling points (6.00 a.m.
18.0 [15.0–32.5] vs. 17.0 [9.0–29.0] U, p ¼ NS;
10.00 a.m. 40.0 [23.0–61.0] vs. 24.5 [12.0–41.0] U,
p < 0.03; 2.00 p.m. 30.0 [9.0–43.0] vs. 21.5 [10.0–
33.0] U, p ¼ NS; 7.00 p.m. 34.0 [13.0–39.0] vs. 20.0
[11.0–36.0] U, p ¼ NS). Additionally, we compared
characteristics of patients with and without a peak of
ADP-induced platelet aggregation at 10.00 a.m. The
prevalence of diabetes was considerably higher
( p < 0.05) in patients with enhanced platelet aggregation in response to ADP in the midmorning period
(Table III).
In contrast, platelet inhibition by aspirin was well
distributed without any diurnal variation (Figure 2).
Although median AA-induced platelet aggregation in
the morning was higher (10.5 [6.0–21.0] U;
14.8  14.2 U at 6.00 a.m. and 11.0 [4.0–19.0] U;
15.0  15.8 U at 10.00 a.m.) than in the afternoon
(7.0 [3.0–16.0] U; 11.4  13.2 U at 2.00 p.m.) and in
the evening (7.0 [3.0–15.0] U; 10.6  11.9 U at
7.00 p.m.), absolute differences were modest and
did not reach statistical significance. Additionally,
when considering courses of diurnal AA-induced
platelet aggregation in individual cases, no visual
trends were present (data not shown). Furthermore,
the prevalence of nonresponsiveness to aspirin
(AUC430 U) did not differ significantly throughout
the day (Table II).
An analysis of patients treated with and without
abciximab did not reveal any significant differences
in both ADP- and AA-induced platelet aggregation
at any of the sampling points (ADP: 6.00 a.m. 16.5
[9.0–22.0] vs. 18.0 [10.0–35.0] U, p ¼ NS; 10 a.m.
21.5 [12.0–54.0] vs. 29.0 [15.0–48.0] U, p ¼ NS;
2.00 p.m. 18.5 [6.0–30.5] vs. 26.0 [14.0–40.0] U,
p ¼ NS; 7.00 p.m. 15.0 [10.5–29.5] vs. 25.5
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[13.5–36.5] U, p ¼ NS; AA: 6.00 a.m. 8.5 [6.0–
12.0] vs. 11.0 [4.0–19.0] U, p ¼ NS; 10.00 a.m. 9.0
[3.0–13.5] vs. 11.5 [5.0–20.5] U, p ¼ NS; 2.00 p.m.
7.5 [3.0–12.0] vs. 7.0 [3.0–16.0] U, p ¼ NS;
7.00 p.m. 9.5 [3.5–16.0] vs. 6.5 [3.0–14.0] U,
p ¼ NS).
Measurements of platelet aggregation inhibited by
clopidogrel and aspirin at each time point were
unrelated to platelet count or mean platelet volume.

Discussion
The main finding of our study is that ADPdependent platelet aggregation is increased at
10.00 a.m. compared to values at 2.00 p.m. in
patients with first STEMI when assessed at day
four of hospitalisation. To our knowledge, we demonstrate for the first time that heightened platelet
aggregation in the midmorning persists despite dual
antiplatelet therapy. Combined treatment with aspirin and clopidogrel was proven to provide considerable benefits in patients undergoing coronary
stenting and those with acute coronary syndromes
regardless of the applied therapeutic strategy. On the
other hand, we failed to show any statistically
significant diurnal variation in platelet aggregation
in response to AA in this group. Interestingly, the
magnitude of the midmorning rise in platelet aggregation after ADP stimulation was not associated with
its baseline level.
Morning increase in the occurrence of myocardial
infarction, stroke, and sudden cardiac death is a wellrecognized phenomenon, and the period from
6.00 a.m. to noon covers a time when a number of
physiological processes that could contribute to the
onset of coronary thrombosis or fatal arrhythmia are
intensified. The phenomenon can be due to the
morning increase in platelet aggregation accompanied by a decrease in fibrinolytic activity, an
increased morning thrombin formation, with a
morning peak in blood pressure triggered by sympathetic overactivity and cortisol hypersecretion [24].
In particular, the extensive morning release of
catecholamines promotes thrombus formation and

Table II. Comparison of clopidogrel and aspirin nonresponsiveness at different times of day.
Prevalence of clopidogrel nonresponsiveness
6.00 a.m. n (%)
10.00 a.m. n (%)
5 (8.5%)
12 (20.3%)

2.00 p.m. n (%)
6 (10.2%)

7.00 p.m. n (%)
6 (10.2%)

p
<0.02

Prevalence of aspirin nonresponsiveness
6.00 a.m. n (%)
10.00 a.m. n (%)
4 (6.8%)
6 (10.2%)

2.00 p.m. n (%)
4 (6.8%)

7.00 p.m. n (%)
3 (5.1%)

p
NS

Notes: Nonresponsiveness was defined according to the MultiplateÕ manufacturer as ADP-induced
platelet aggregation 50 U for clopidogrel and AA-induced platelet aggregation 30 U for aspirin,
respectively.
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Table III. Comparison of characteristics of patients with and without a peak of ADP-induced platelet aggregation at 10.00 a.m.
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Patients with a peak of ADP-induced
platelet aggregation at 10.00 a.m. (n ¼ 26)
Age (years)
Gender (male/female)
Infarct location:
anterior/inferior/lateral wall
Time from symptom onset (h)
CK-max (U/l)
CK-MBmax (U/l)
TnImax (ng/Ml)
LVEF (%)
Risk factors of coronary
artery disease
Body mass index (kg/m2)
Arterial hypertension
Diabetes mellitus
Current smokers
History of smoking
Positive family history
Total cholesterol (mg/dl)
LDL (mg/dl)
HDL (mg/dl)
Triglycerides (mg/dl)
Abciximab
Pantoprazole
Amlodipine

54.0 (50.0–65.0)
21 (80.8%)/5 (19.2%)
5 (19.2%)/20 (76.9%)/1 (3.9%)

Patients without a peak of ADP-induced
platelet aggregation at 10.00 a.m. (n ¼ 33)
56.0 (50.0–62.0)
24 (72.7%)/9 (27.3%)
9 (23.7%)/23 (72.9%)/1 (3.4%)

p
NS
NS
NS

3.5
1869.0
192.5
47.9
47.2

(2.5–8.0)
(787.0–2676.0)
(96.0–358.0)
(13.2–50.0)
(41.0–50.0)

3.0
1852.0
255.0
49.9
46.0

(2.0–5.5)
(655.0–2908.0)
(97.0–337.0)
(8.7–50.0)
(41.0–50.0)

NS
NS
NS
NS
NS

26.8
12
11
18
3
6
216.0
143.0
40.0
99.0
9
3
0

(24.7–30.0)
(46.1%)
(42.3%)
(69.2%)
(11.5%)
(23.1%)
(188.0–252.0)
(124.0–187.0)
(32.0–50.0)
(76.0–172.0)
(34.6%)
(11.5%)
(0.0%)

27.5
19
6
22
3
8
232.5
164.0
45.5
96.5
7
3
1

(24.7–29.9)
(57.6%)
(18.2%)
(66.7%)
(9.1%)
(24.2%)
(197.0–260.0)
(130.5–189.0)
(35.5–51.5)
(73.0–122.5)
(21.2%)
(9.1%)
(3.0%)

NS
NS
<0.05
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Figure 2. Diurnal variation of AA-induced platelet aggregation
assessed 4 days after the start of dual antiplatelet therapy in
patients with STEMI. Data are presented as medians, interquartile
ranges and non-outlier ranges. Statistical significance p was
calculated for heterogeneity among diurnal levels of AA-induced
platelet aggregation.

enhances myocardial vulnerability. It has been suggested that a higher rate of acute cardiac events in the
morning is frequently provoked by waking and
commencing physical activity.
Sympathovagal circadian variation may explain a
midmorning increase in ADP-induced platelet aggregation observed in our study despite ongoing
clopidogrel treatment. The physiologic basis of the
relationship between autonomic system and platelet

reactivity is supported by the evidence that human
platelet membrane contains both alpha-2 A adrenoceptors and dopamine receptors [25]. The alpha-2 A
receptors are most prominent and probably responsible for the physiological and pathological changes
in platelet function associated with the cardiovascular
system. Increases in circulating catecholamine levels
(example e.g. caused by physical or mental exercise)
initiates responses which include platelet aggregation, secretion of serotonin from the storage granules
and activation of the arachidonate pathway. In
support of this hypothesis, we observed a more
pronounced midmorning increase in ADP-induced
platelet aggregation in diabetic patients vs. nondiabetics. In the former group, autonomic neuropathy is frequently diagnosed.
Previous studies on platelet aggregation indicated
that the upright posture and initiation of daily
activities could play a crucial role in morning platelet
hyperaggregability in healthy subjects [17, 26].
Particularly pronounced platelet hyperresponsiveness to physical exercise appears in habitually inactive subjects [27]. Andrews et al. [28], in a
sophisticated flow cytometric study, proved that the
morning increase in platelet aggregation does not
occur with expression of activation-dependent platelet surface receptors. The researchers hypothesized
that the increase in whole blood aggregation may be
primarily due to the increases in catecholamine
levels, platelet count and haemoconcentration.
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In another experimental work, the same researchers
successfully attenuated the morning orthostatic
increase in platelet aggregation by an 2-adrenergic
blockade with yohimbine [29]. The effect was
present, despite a concomitant rise in plasma norepinephrine levels associated with its enhanced
release from presynaptic nerves. Furthermore, it
has been reported that guanabenz, a centrally
acting 2-agonist exerting antihypertensive properties, suppressed morning elevations in aggregation of
human platelets [30]. However, Willich et al. [31]
showed that 2-adrenergic receptor density and
agonist binding affinity assessed simultaneously did
not change in the morning. They also suggested that
the increase in platelet aggregability is due to factors
extrinsic to the platelets or to an intra-platelet
mechanism distal to the receptor level. In another
study, metoprolol, a 1-selective blocker commonly
administered in patients with myocardial infarction,
did not alter the basal level nor blunt the morning
increase of platelet aggregability in patients with
stable coronary artery disease, despite successful
suppression of silent ischaemic episodes [32].
Our observations are somewhat surprising: we
noted the highest ADP-induced platelet aggregation
at 10.00 a.m. (2 h after morning drug intake) instead
of 6.00 a.m. (2 h before morning drug intake and 22 h
after last dose), probably due to sympathetic stimulation overcoming the antiplatelet effect of clopidogrel maintenance dose. Additionally, proplatelets
are released from bone marrow in a circadian
rhythm, with a peak within a few hours after sunrise
[33] when a number of platelets in the peripheral
circulation is increasing from early morning till
afternoon [34].
Our results are in apparent contrast with the data
provided by Husted et al. [35] who reported a
decrease in ADP-induced platelet aggregation for up
to 12 h after administration of clopidogrel maintenance dose. However, the lack of information on the
time of day of drug administration in that article,
together with different methods of platelet assessment, and the lack of pre-treatment assessment in
this study preclude direct comparison between the
studies.
McCall et al. [36] observed that enteric-coated
aspirin markedly reduced baseline platelet thromboxane A2 production in healthy males and eliminated its increase after the subjects got up. It also
abolished biphasic platelet aggregation in response to
epinephrine and ADP. The lack of a morning
increase in thromboxane A2 synthesis revealed in
the study corresponds with our results, indicating
suppression of the circadian variation in thromboxane A2-dependent platelet aggregation. Similarly,
Tison et al. [37] noted that aspirin, when coadministered with nitrendipine in patients with

585

essential hypertension, triggered a significant
decrease and flattening of the beta-thromboglobulin
curve suggesting attenuation of morning surge in
platelet activity. To our knowledge there is no
previous study assessing the diurnal variation in
AA-induced platelet aggregation in patients on dual
antiplatelet therapy.
The clinical significance of our finding remains to
be demonstrated. The immediate consequence of
these observations is the emphasis that should be
placed on the pharmacologic protection of patients
during the morning hours. Pepine [24] suggests that
attention to the morning vulnerable period is merited
in the timing and choice of medication, both to
prevent or reduce ischaemia and to modify potential
disease-triggering mechanisms. Due to the relatively
short half-life and duration of the therapeutic effect
(<24 h) of many agents applied in contemporary
cardiology, it is likely that single day agents taken in
the morning will have reached subtherapeutic levels
by the time of waking and commencing activity the
following morning. We also speculate that suppression of the morning increase in platelet aggregation
by novel potent antiplatelet agents may further
improve the long-term prognosis in survivors of
myocardial infarction. Furthermore, in our opinion
the periodicity in platelet aggregation present in
antiplatelet therapy should be adjusted for the
discriminative ability of various methods applied in
the analysis of platelet function.
In our study, we applied impedance aggregometry. This method is capable of detecting the effect of
clopidogrel and aspirin treatment and its results,
prior to, and after antiplatelet treatment, and it
correlates well with light transmission aggregometry
[38]. Whole blood, which was utilized in our study, is
the physiological environment where platelet function takes place in vivo. Moreover, the use of whole
blood for in vitro testing eliminates the need for the
time-consuming centrifugation steps required to
obtain the platelet-rich plasma necessary for light
transmission aggregometry. Therefore, it must be
stressed that impedance aggregometry and light
transmission aggregometry measure different aspects
of platelet function. Impedance aggregometry results
reflect interactions between platelets, red and white
cells, while light transmission aggregometry does not
[22]. Dyszkiewicz-Korpanty et al. [39] even suggest
that whole blood aggregation appears to be more
sensitive in detecting clopidogrel effects than platelet-rich plasma methods.
Despite the fact that the MultiplateÕ is a newly
invented device, the data on its diagnostic power are
constantly accumulating. In a study by Mengistu
et al.[40], impedance aggregometry with the
MultiplateÕ device, but not thromboelastography,
successfully predicted postoperative requirements
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for blood transfusion in patients undergoing cardiac
surgery. Furthermore, platelet assessment with MEA
in a cohort of 1608 subjects treated with drug-eluting
coronary stenting sufficiently predicted early stent
thrombosis [41]. Finally, a recent trial demonstrated
that platelet hyperreactivity in MEA might be even a
better risk predictor for stent thrombosis than the
assessment of the specific clopidogrel effect with the
VASP assay [42].
However, we have to acknowledge that
AA-induced platelet aggregation is rather a weak
tool to adequately detect responsiveness to aspirin.
Measurement of thromboxane B2 levels represents a
more sensitive method. Other study limitations
include administration of abciximab during pPCI in
27% of our patients as a potential confounder and
lack of adjustment in our analyses for the time
between the administration of antiplatelet drugs and
serial measurements of platelet activity.
To conclude, ADP-induced platelet aggregation
increases in the midmorning compared to other
times of day despite treatment with aspirin and
clopidogrel in patients with first STEMI undergoing
pPCI. Substantial periodicity in platelet aggregation
present on dual antiplatelet therapy should be taken
into consideration when various methods of platelet
function monitoring are applied to clinical studies.
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