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Summary

BACKGROUND: Atherosclerosis affects many patients
with type 2 diabetes. Both are associated with platelet ac-
tivation, but it remains unclear how diabetes contributes to,
or even enhances, platelet activation in patients with ath-
erosclerosis. We therefore investigated the impact of dia-
betes on platelet activation and protease activated recept-
or-1 (PAR-1) mediated platelet response in patients with
symptomatic coronary artery disease (CAD), as compared
with other manifestations of atherosclerosis.
METHODS: Baseline P-selectin expression, thrombin re-
ceptor activating peptide-6 (TRAP-6) inducible P-selectin,
and relative increase of platelet P-selectin after activation
with TRAP-6 were measured using flow cytometry in
platelets from 317 patients after angioplasty and stenting
for symptomatic atherosclerotic disease, and from 50
healthy controls.
RESULTS: Patients with symptomatic atherosclerosis ex-
hibited significantly higher levels of baseline P-selectin
expression, TRAP-6-inducible P-selectin and relative in-
crease of platelet P-selectin after stimulation with TRAP-6
than healthy controls. Patients with symptomatic peripheral
artery disease or cerebrovascular disease (PAD/CVD) had
higher levels of platelet activation and PAR-1-mediated
platelet reactivity than patients with symptomatic CAD.
Of interest, CAD patients with diabetes responded more
strongly to TRAP-6 than those without diabetes, and their
platelet activation and PAR-1-mediated platelet reactivity
resembled those from PAD/CVD patients.
CONCLUSION: Compared with healthy controls, platelets
from patients with symptomatic atherosclerotic disease are
activated and susceptible to PAR-1-mediated activation.

Abbreviations
ACS acute coronary syndrome
CAD coronary artery disease
HbA1c glycated haemoglobin
MFI mean fluorescence intensity
PAD/CVD peripheral artery or cerebrovascular disease
PAR protease activated receptor
PCI percutaneous coronary intervention
TRAP-6 thrombin receptor activating peptide-6

Diabetes affects platelet reactivity only in patients with
symptomatic CAD, while other manifestations of athero-
sclerosis may have an overwhelming effect on platelet re-
activity that is not further enhanced by diabetes.

Keywords: atherosclerosis; diabetes; platelet activation;
thrombin

Introduction

Patients with type 2 diabetes frequently suffer from ath-
erosclerosis [1, 2], and it has been reported that diabetics
have a two- to four-fold increased risk of coronary artery
disease (CAD) and peripheral artery disease (PAD) [2–4],
and a higher incidence of carotid plaques, than matched
control populations [5]. In a population-based study, the
7-year incidence of first myocardial infarction or death was
20% in diabetics, but only 3.5% in nondiabetic patients [6].
Moreover, the relative risk of lower extremity amputation
in diabetics was 12.7 compared with that of nondiabetic pa-
tients [7], and the risk of ischaemic stroke was increased
by up to 400% in diabetics [8]. Platelets play a central role
in the development of thrombotic events in these patients,
as they are activated in association with impaired metabol-
ic control [9, 10], which itself promotes thrombin genera-
tion and vulnerability of atherosclerotic plaques [11, 12].
Plaque rupture results in platelet activation and adhesion to
the subendothelial structures with subsequent vessel occlu-
sion.
P-selectin is a cell adhesion molecule which mediates bind-
ing to specific carbohydrate-containing ligands [13]. It al-
lows tethering of leukocytes to activated endothelial cells
and platelets, and mediates leukocyte rolling on the en-
dothelial cell surface [14]. Platelet surface expression of P-
selectin is one of the most sensitive indicators of platelet
activation [15], and has been reported to be substantially
enhanced in patients with acute and stable CAD [16, 17].
However, data on P-selectin expression in stable athero-
sclerosis are scarce, and limited to CAD.
Persistent thrombin generation is considered a major reas-
on for adverse ischaemic events in patients on standard
antiplatelet therapy. Thrombin activates platelets via
protease-activated receptors (PARs) – PAR-1 and PAR-4
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– and glycoproteins Ib-α and V [18, 19]. There is strong
evidence that PAR-1-mediated platelet activation is clinic-
ally significant. For example, PAR-1 modulation has been
shown in patients with ischaemic stroke [20].
Increased platelet activation in diabetic patients has been
reported in the past [21, 22]. Further, it has been shown
that improved metabolic control decreases platelet activa-
tion markers in patients with type 2 diabetes [23, 24]. These
findings suggest, among others, a reduction in thrombin
generation, which is particularly abundant in obese type 2
diabetic patients [11]. Since many patients with diabetes
also have atherosclerosis, it is not clear how diabetes con-
tributes to, or even enhances, platelet activation in patients
with atherosclerosis. We therefore investigated the impact
of diabetes on platelet activation and PAR-1-mediated
platelet response in patients with symptomatic CAD, as
compared with other manifestations of atherosclerosis.

Patients and methods

Figure 1

(A) Thrombin receptor activating peptide-6 (TRAP-6) inducible P-
selectin (P-selectin TRAP-6) and (B) relative increase of platelet P-
selectin (% increase) after activation with TRAP-6 in patients with
peripheral artery or cerebrovascular disease without and with type
2 diabetes. The boundaries of the box show the lower and upper
quartiles of data, the line inside the box represents the median.
Whiskers are drawn from the edge of the box to the highest and
lowest values that are outside the box but within 1.5 times the box
length. MFI = mean fluorescence intensity.

Study population
In this cross-sectional study, the patients were recruited
consecutively at the Division of Angiology of the
University Hospital Vienna between 2008 and 2010.
Inclusion criteria were age >18 years, percutaneous an-
gioplasty with stent implantation due to peripheral artery/
cerebrovascular disease (PAD/CVD) or CAD, and written
informed consent.
Exclusion criteria were: known aspirin or clopidogrel intol-
erance (allergic reactions, gastrointestinal bleeding); ther-
apy with vitamin K antagonists (warfarin, phenprocoumon,
acenocoumarol); treatment with ticlopidine, dipyridamol or
nonsteroidal anti-inflammatory drugs; a family or personal
history of bleeding disorders, malignant paraproteinaemi-
as, myeloproliferative disorders or heparin-induced throm-
bocytopenia; severe hepatic failure; known qualitative de-
fects in thrombocyte function; a major surgical procedure
within 1 week before enrolment; a platelet count <100,000/
µl or >450,000/µl; and a haematocrit <30%.
The healthy control population consisted of hospital staff
members and their relatives, all from the urban area of Vi-
enna.
The study protocol was approved by the Ethics Committee
of the Medical University of Vienna in accordance with the
Declaration of Helsinki, and written informed consent was
obtained from all study participants.

Blood sampling

Blood was drawn by means of clean venipuncture from an
antecubital vein with a 21-gauge butterfly needle (0.8 x 19
mm; Greiner Bio-One, Kremsmünster, Austria) 1 day after
the percutaneous intervention. To avoid procedural devi-
ations all blood samples were taken by the same physician.
A light tourniquet was applied and immediately released,
and the samples were mixed adequately by gently invert-
ing the tubes. After the initial 3 ml of blood had been dis-
carded to reduce procedurally induced platelet activation,
blood was drawn into a 3.8% sodium citrate Vacuette tube
(Greiner Bio-One; 9 parts of whole blood, 1 part of sodium
citrate 0.129 M/L). P-selectin expression was determined 1
hour after blood sampling for all patients.

P-selectin expression
Flow cytometry was performed as previously described
[25]. In brief, the expression of P-selectin was determined
in whole blood without agonists and after in-vitro exposure
to suboptimal concentrations of thrombin receptor activ-
ating peptide-6 (TRAP-6) (5.7 μM; Bachem, Bubendorf,
Switzerland) for 10 minutes. The use of suboptimal con-
centrations of the agonist allows differentiation between
platelets that are activated but can still respond further and
platelets that are already devoid of the α-granule content
of P-selectin owing to in-vivo exhaustion. The platelet pop-
ulation was identified by staining with anti-CD42b (clone
HIP1, allophycocyanin labeled; Becton Dickinson, B.D.,
San José, California, USA), and P-selectin expression was
determined by the binding of the monoclonal antibody anti-
CD62p (clone CLB-Thromb6, phycoerythrin-labelled; Im-
munotech, Beckman Coulter, Fullerton, California, USA).
The reaction was stopped by adding 500 µl PBS and
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samples were tested immediately in a FACS Calibur flow
cytometer (B.D.) with excitation by an argon laser at 488
nm and a red diode laser at 635 nm at a rate of 200–600
events per second. Standard B.D. Calibrite beads were used
for daily calibration of the cytometer.

Statistical analysis
A sample size calculation was based on the observed mean
± standard deviation (SD) (3.4 ± 1.5 MFI; mean fluores-
cence intensity) of P-selectin expression in a former pop-
ulation of 105 patients (84 male, 21 female; median age
60 years, interquartile range 53–68 years) under dual an-
tiplatelet treatment 24 hours after percutaneous coronary
intervention (PCI) with stent implantation [26]. We calcu-
lated that we needed to include 300 patients to be able to
detect a 20% relative difference in P-selectin expression
between patients with PAD/CVD and patients with CAD
with a power of 96% (using a two-sided alpha level of
0.05). To compensate for potential technical problems we
included 17 additional patients.
Statistical analysis was performed using the Statistical
Package for Social Sciences (IBM SPSS version 19, Ar-
monk, New York, USA). The relative increase in P-selectin
expression was calculated as percentage of P-selectin ex-
pression before the addition of TRAP-6. Medians and in-
terquartile ranges of continuous variables are shown. Cat-
egorical variables are given as number (%). We performed
Mann Whitney U tests to detect differences in continuous
variables. The chi-square test was used to detect differ-
ences in categorical variables. Two-sided p-values <0.05
were considered statistically significant.

Results

The study population comprised 317 patients undergoing
percutaneous intervention with endovascular stent implant-
ation for PAD/CVD (n = 202) and CAD (n = 115). All pa-
tients received dual antiplatelet therapy consisting of as-
pirin (100 mg/day) and an adenosine diphosphate P2Y12
receptor antagonist (clopidogrel 75 mg/day [n = 303] or
prasugrel 10 mg/day [n = 14]). Clinical, laboratory and pro-
cedural characteristics of the overall patient population, of
patients with PAD/CVD, and of patients with CAD are giv-
en in table 1. All patients were enrolled in a stable clin-
ical condition 1 day after the angioplasty procedure. Pa-
tients with PAD suffered from intermittent claudication (n
= 165), patients with CVD had signs of transient cerebral
ischaemia within 4 weeks before study enrolment (n = 37),
and patients with CAD suffered from stable angina (n = 47)
or acute coronary syndromes (ACS; n = 68) prior to per-
cutaneous intervention. Moreover, we included 50 healthy
individuals (17 male, 33 female; aged 46 years [32–52
years]) without diabetes or clinical symptoms of athero-
sclerosis as controls for P-selectin expression. As expec-
ted, the healthy control population was significantly young-
er than the patient population, had lower levels of serum
creatinine and C-reactive protein, and female gender was
more common (all p <0.05).
Patients with symptomatic atherosclerotic vascular disease
exhibited significantly higher levels of baseline P-selectin
expression, TRAP-6-inducible P-selectin and percentage

increase of platelet P-selectin after activation with TRAP-6
than healthy controls (table 2).
Overall, patients with symptomatic PAD/CVD had higher
levels of baseline P-selectin and TRAP-6-inducible P-se-
lectin than patients with symptomatic CAD (table 2). Type
2 diabetes was present in 75 patients (37.1%) undergoing
peripheral angioplasty and in 28 patients (24.3%) under-
going PCI (table 1; p = 0.03). All diabetics had been suf-
fering from type 2 diabetes for at least 2 years at the time
of study enrolment. Glycated haemoglobin (HbA1c) levels
were 7% (6.4%–7.7%) and 5.7% (5.5%–6%) in diabetic
and nondiabetic patients, respectively (p <0.001). Median
HbA1c was similar in diabetics with PAD/CVD and dia-
betics with CAD (7.1% vs 7%; p = 0.4). Levels of platelet
activation were similar in diabetic and nondiabetic patients
within the group of PAD/CVD patients (table 2 and fig.
1). In contrast, diabetic CAD patients had a significantly
increased susceptibility to PAR-1-mediated platelet activ-
ation and a more pronounced increase of P-selectin after
activation with TRAP-6 when compared with nondiabetic
CAD patients (table 2 and fig. 2). Thereby, their levels of
TRAP-6-inducible P-selectin were similar to those in PAD/
CVD patients without or with diabetes. Susceptibility to

Figure 2

(A) Thrombin receptor activating peptide-6 (TRAP-6) inducible P-
selectin (P-selectin TRAP-6) and (B) relative increase of platelet P-
selectin (% increase) after activation with TRAP-6 in patients with
coronary artery disease without and with type 2 diabetes. The
boundaries of the box show the lower and upper quartiles of data,
the line inside the box represents the median. Whiskers are drawn
from the edge of the box to the highest and lowest values that are
outside the box but within 1.5 times the box length. MFI = mean
fluorescence intensity.
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PAR-1-mediated platelet activation was significantly high-
er in nondiabetic patients with PAD/CVD than in nondia-
betic patients with CAD (table 2). Levels of baseline and
TRAP-6-inducible P-selectin were similar in diabetics with

good metabolic control (HbA1c <7%; n = 50) and insuffi-
cient metabolic control (HbA1c ≥7%; n = 53) (both p ≥0.4).

Table 1: Clinical, laboratory and procedural characteristics of the overall study population, and of patients with peripheral artery / cerebrovascular disease (PAD/CVD) or
coronary artery disease (CAD).

Characteristic All patients (n = 317) PAD/CVD (n = 202) CAD (n = 115) p-value
Age, years 65 (57–74) 66 (58–74) 63 (54–73) 0.1

Male sex 209 (65.9) 128 (63.4) 81 (70.4) 0.2

BMI, kg/m2 27 (24.4–29.8) 26.8 (24.1–29.6) 27.7 (24.7–30.3) 0.2

Medical history
Hypertension 283 (89.3) 184 (91.1) 99 (86.1) 0.2

Hypercholesterolaemia 297 (93.7) 191 (94.6) 106 (92.2) 0.5

Diabetes mellitus 103 (27.8) 75 (37.1) 28 (24.3) 0.03

Active smoking 133 (42) 87 (43.1) 46 (40) 0.6

Laboratory data
Platelet count, G/l 209 (175–252) 213 (177–261) 203 (171–231) 0.03

Serum creatinine, µmol/l 88.5 (79.7–106.2) 88.5 (79.7–106.2) 88.5 (79.7–97.4) 0.1

C-reactive protein, mg/l 10 (4–19) 10 (4–18) 9 (4–26) 0.5

Procedure
Stent implantation 317 (100) 202 (100) 115 (100) 1

Number of stents/patient 1 (1–2) 1 (1–2) 1 (1–2) 0.6

Medication preintervention
Thienopyridine 317 (100) 202 (100) 115 (100) 1

Aspirin 317 (100) 202 (100) 115 (100) 1

Statins 303 (95.6) 191 (94.6) 112 (97.4) 0.3

ACE inhibitors 194 (61.2) 111 (55) 83 (72.2) 0.003

Angiotensin receptor blockers 83 (26.2) 59 (29.2) 24 (20.9) 0.1

Beta blockers 221 (69.7) 113 (55.9) 108 (93.9) <0.001

Continuous data are shown as median (interquartile range). Dichotomous data are shown as n (%).
ACE inhibitors = angiotensin converting enzyme inhibitors; BMI = body mass index.

Table 2: Median and interquartile range of baseline P-selectin, thrombin receptor activating peptide-6 (TRAP-6) inducible P-selectin (P-selectin TRAP-6), and relative
increase of platelet P-selectin after stimulation with TRAP-6 (% increase P-selectin) in the overall patient population, in healthy controls, in patients with peripheral artery
disease / cerebrovascular disease (PAD/CVD) and coronary artery disease (CAD), in diabetics and nondiabetics with PAD/CVD, and in diabetics and nondiabetics with
CAD.

All patients (n = 317) Healthy controls (n = 50) p-value
Baseline P-selectin (MFI) 3.2 (2.7–4) 3 (2.6–3.4) 0.02

P-selectin TRAP-6 (MFI) 54.9 (27.8–93.3) 25.5 (15.6–40.7) <0.001

% increase P-selectin 1407 (691–2767) 766 (403–1392) <0.001

Patients with PAD/CVD (n = 202) Patients with CAD (n = 115) p-value
Baseline P-selectin (MFI) 3.3 (2.9–4) 3 (2.6–3.9) 0.01

P-selectin TRAP-6 (MFI) 57.1 (29.7–102) 50.2 (21.6–81.2) 0.04

% increase P-selectin 1490 (805–2930) 1155 (549–2535) 0.1

Diabetics with PAD/CVD (n = 75) Nondiabetics with PAD/CVD (n = 127) p-value
Baseline P-selectin (MFI) 3.4 (2.9–4.2) 3.3 (2.8–3.9) 0.3

P-selectin TRAP-6 (MFI) 54.9 (29.7–99.5) 59.1 (29.7–103.9) 0.9

% increase P-selectin 1305 (793–2930) 1522 (817–3169) 0.7

Diabetics with CAD (n = 28) Nondiabetics with CAD (n = 87) p-value
Baseline P-selectin (MFI) 3 (2.6–3.7) 3 (2.6–3.9) 0.9

P-selectin TRAP-6 (MFI) 69.5 (34.2–102.2) 46.3 (18.9–71.5) 0.03

% increase P-selectin 2148 (904–3450) 1033 (52 –2169) 0.02

Diabetics with PAD/CVD (n = 75) Diabetics with CAD (n = 28) p-value
Baseline P-selectin (MFI) 3.4 (2.9–4.2) 3 (2.6–3.7) 0.1

P-selectin TRAP-6 (MFI) 54.9 (29.7–99.5) 69.5 (34.2–102.2) 0.5

% increase P-selectin 1305 (793–2930) 2148 (904–3450) 0.3

Nondiabetics with PAD/CVD (n = 127) Nondiabetics with CAD (n = 87) p-value
Baseline P-selectin (MFI) 3.3 (2.8–3.9) 3 (2.6–3.9) 0.08

P-selectin TRAP-6 (MFI) 59.1 (29.7–103.9) 46.3 (18.9–71.5) 0.009

% increase P-selectin 1522 (817–3169) 1033 (524–2169) 0.02

MFI = mean fluorescence intensity.
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Discussion

Increased platelet activation has been reported in the past in
diabetic patients [21, 22], and also in patients with athero-
sclerosis. Many patients with symptomatic atherosclerosis
have diabetes, and it is therefore not clear if diabetes fur-
ther affects platelet reactivity in these patients. We confirm
that atherosclerosis is associated with increased platelet ac-
tivation. Further, our data show that patients with PAD/
CVD have higher levels of platelet activation, and respond
more strongly to platelet activation by PAR-1, than CAD
patients. However, in the latter group, patients with type
2 diabetes exhibit more pronounced platelet activation by
PAR-1 than nondiabetic patients. Thereby, their increased
levels of platelet activation resemble those from patients
with PAD/CVD.
We selected platelet surface expression of P-selectin
without addition of an agonist and in response to TRAP-6
for our study because these parameters are only affected to
a small extent by antiplatelet treatment with aspirin and thi-
enopyridines [27]. This approach of adding an agonist in
vitro thus resembles a real life scenario when thrombin is
generated.
The response of already activated platelets to additional
exogenous stimuli is stronger than that of platelets that
are not preactivated [28, 29]. Our finding that diabetic pa-
tients with CAD have increased levels of PAR-1-mediated
platelet activation when compared with nondiabetic CAD
patients may therefore explain their increased risk for re-
peated cardiovascular events. On the other hand, in patients
with PAD/CVD, the already enhanced levels of platelet ac-
tivation due to the greater extent of atherosclerosis may not
be significantly further increased by diabetes. The worse
long-term prognosis of patients with PAD/CVD, as com-
pared with CAD patients, may at least in part be attribut-
able to their enhanced platelet activation [30]. Our observa-
tion that baseline platelet activation in patients with CAD
resembles that in healthy controls is in line with a report by
Michelson et al., who found similar levels of platelet P-se-
lectin expression in patients with myocardial infarction and
healthy controls [31].
Various mechanisms have been proposed to explain platelet
dysfunction and increased platelet reactivity in diabetics.
Hyperglycaemia may impair membrane fluidity through
glycation of platelet surface proteins and thereby enhance
platelet adhesion [9]. Further, it activates protein kinase C,
which is a mediator of platelet activation [10]. Insulin de-
ficiency leads to an increased intracellular calcium con-
centration, resulting in more pronounced platelet degran-
ulation [32]. Moreover, insulin deficiency is linked to an
impaired response to nitric oxide and prostacyclin leading
to higher platelet reactivity [33]. An upregulation of the
P2Y12 pathway [34], increased platelet turnover [35], en-
dothelial dysfunction [36] and oxidative stress may further
contribute to the enhanced platelet activation in diabetics
[37]. Since we exclusively enrolled type 2 diabetics, who
are in many cases not insulin-deficient but have high in-
sulin levels as a consequence of insulin resistance, in-
creased platelet activation in the diabetics in our study pop-
ulation may mainly be caused by the other mechanisms.
Finally, diabetic patients often suffer from additional meta-

bolic disorders, in particular obesity, hyperlipidaemia and
systemic inflammation. These conditions are independ-
ently associated with increased platelet adhesion and ag-
gregation [38, 39].
In a recent study, Stellos et al. found no significant dif-
ference in platelet-bound P-selectin between diabetics and
nondiabetics presenting with an ACS [16]. In accord with
our results, these findings indicate that in the clinical set-
ting of already increased platelet reactivity, diabetes may
not have the same effect on platelet activation as in patients
with a stable clinical condition. The already high platelet
reactivity in patients with PAD/CVD may also be the reas-
on why type 2 diabetes had no additional influence on
platelet activation in these patients in our study population.
A limitation of our study is its cross-sectional design. Sys-
temic atherosclerosis affects, more or less, arteries of all
vascular beds. Therefore, we cannot exclude the possibility
that patients with CAD also had other manifestations of
atherosclerosis. Likewise, we have no proof that patients
with PAD/CVD did not have CAD. The latter may even be
too limited in their physical activity to experience symp-
toms of CAD in daily life. Thus, only clinical presentation
guided the differentiation between CAD and PAD/CVD.
Moreover, we have no data on plaque burden, the exact
duration of diabetes and end-organ damage due to diabetes
in the different subgroups. Finally, the healthy controls did
not undergo arterial puncture, which may affect platelet ac-
tivation.

Conclusion

In diabetic patients with atherosclerosis it is difficult to at-
tribute increased platelet activation to diabetes alone. Rath-
er, atherosclerosis and diabetes together, and mutually de-
pendent, may contribute to increased platelet activation.
Our data indicate that diabetes significantly enhances plate-
let activation in patients with CAD, who have less dis-
seminated disease, whereas no such effect of diabetes is
discernible if atherosclerosis affects larger parts of the vas-
cular system. Future studies specifically addressing platelet
activation and plaque burden in diabetic and nondiabetic
patients are warranted to elucidate further the impact of
diabetes on platelet activation in CAD as compared with
different manifestations of atherosclerotic vascular disease.
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Figures (large format)

Figure 1

(A) Thrombin receptor activating peptide-6 (TRAP-6) inducible P-selectin (P-selectin TRAP-6) and (B) relative increase of platelet P-selectin (%
increase) after activation with TRAP-6 in patients with peripheral artery or cerebrovascular disease without and with type 2 diabetes. The
boundaries of the box show the lower and upper quartiles of data, the line inside the box represents the median. Whiskers are drawn from the
edge of the box to the highest and lowest values that are outside the box but within 1.5 times the box length. MFI = mean fluorescence intensity.
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Figure 2

(A) Thrombin receptor activating peptide-6 (TRAP-6) inducible P-selectin (P-selectin TRAP-6) and (B) relative increase of platelet P-selectin (%
increase) after activation with TRAP-6 in patients with coronary artery disease without and with type 2 diabetes. The boundaries of the box show
the lower and upper quartiles of data, the line inside the box represents the median. Whiskers are drawn from the edge of the box to the highest
and lowest values that are outside the box but within 1.5 times the box length. MFI = mean fluorescence intensity.
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