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To assess platelet function profiles in diabetic and

nondiabetic patients on aspirin and clopidogrel therapy,

two patient populations were included to investigate

the 1) acute effects of a 300-mg clopidogrel loading dose

(group 1, n � 52) and 2) long-term effects of clopidogrel

(group 2, n � 120) on platelet function in diabetic

compared with nondiabetic patients already on aspirin

treatment. Patients were stratified according to the

presence of type 2 diabetes. Platelet aggregation was

assessed using light transmittance aggregometry

(groups 1 and 2). Platelet activation (P-selectin expres-

sion and PAC-1 binding) was determined using whole-

blood flow cytometry (group 2). Clopidogrel response

was also assessed. In group 1, platelet aggregation was

significantly increased in diabetic (n � 16) compared

with nondiabetic (n � 36) patients at baseline and up to

24 h following a 300-mg loading dose (P � 0.005). In

group 2, platelet aggregation and activation were in-

creased in diabetic (n � 60) compared with nondiabetic

(n � 60) subjects (P < 0.05 for all platelet function

assays). Diabetic subjects had a higher number of clo-

pidogrel nonresponders (P � 0.04). Diabetic patients

have increased platelet reactivity compared with nondi-

abetic subjects on combined aspirin and clopidogrel

treatment. Reduced sensitivity to antiplatelet drugs

may contribute to the increased atherothombotic risk in

diabetic patients. Diabetes 54:2430–2435, 2005

D
iabetes is commonly associated with accelerated
atherosclerosis, clinically resulting in premature
coronary artery disease (CAD), increased risk of
cerebrovascular disease, and severe peripheral

vascular disease (1). Patients with type 2 diabetes have a
two- to fourfold increase in the risk of CAD, and diabetic
patients without prior myocardial infarction have the same
risk for a subsequent acute coronary event as nondiabetic
patients with a previous myocardial infarction (2,3). Re-
current ischemic events are also more frequent in patients
with type 2 diabetes than in nondiabetic patients (4–6).
Platelet dysfunction, among other mechanisms, contribute
to the increased risk of atherothrombotic complications in
the diabetic population (7–9). Such altered platelet func-
tion is revealed by hypersensitivity to aggregants observed
in in vitro studies.

Platelets from diabetic subjects are also less sensitive to
aspirin (10–11). Importantly, reduced sensitivity, or “poor
response,” to aspirin has been associated with an in-
creased risk of ischemic events (12–15). Combining clopi-
dogrel to aspirin enhances platelet inhibition and has been
associated with a reduction in ischemic events compared
with the use of aspirin alone (16–19). However, the
magnitude of antiplatelet effects may be depressed in
diabetic patients. The aim of this study was to compare
platelet function profiles in diabetic and nondiabetic pa-
tients on combined aspirin and clopidogrel therapy.

RESEARCH DESIGN AND METHODS

Two patient populations were included to investigate the 1) acute effects of a
300-mg loading dose of clopidogrel (group 1) and 2) long-term effects of
clopidogrel (group 2) on platelet function in diabetic compared with nondia-
betic patients. Group 1 was composed of 52 patients, already on aspirin (250
mg/day), scheduled to undergo elective percutaneous coronary intervention
and who received a 300-mg clopidogrel loading dose at the time of interven-
tion. Group 2 was composed of 120 patients on long-term (�1 month)
combined aspirin (100 mg/day) and clopidogrel (75 mg/day) treatment. All
group 2 patients had a known history of CAD and were clinically stable.
Patient compliance to antiplatelet treatment was assessed by interview and by
pill counting. Patients were stratified according to the presence of type 2
diabetes, which was defined according to World Health Organization criteria
(20). All patients were on hypoglyemic treatment (oral antidiabetic agents or
insulin) for at least 1 month; diet-controlled diabetic subjects were not
included. Exclusion criteria were the use of thrombolytics, platelet glycopro-
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tein (GP) IIb/IIIa blockers, or thienopyridine pretreatment in group 1 and
aspirin intolerance/allergy or platelet counts outside the range of 125–450
109/l in groups 1 and 2. This study complied with the Declaration of Helsinki
and was approved by the ethical committee of the San Carlos University
Hospital, and all patients gave their informed consent.
Blood sampling. Blood samples for platelet function assays were collected
before intervention (baseline sample), while patients were only on aspirin,
and 10 min and 4 and 24 h following clopidogrel administration in group 1.
Blood was drawn from a 6 French arterial sheet for baseline, 10-min, and 4-h
samples and from an antecubital vein using a 21-gauge needle for the 24-h
samples. Blood samples were collected from an antecubital vein 2–4 h after
aspirin and clopidogrel intake in group 2. The initial milliliters of all blood
samples were discarded to avoid spontaneous platelet activation. Hematocrit
and platelet count was assessed at all time points to ensure that the degree of
platelet reactivity was not influenced by cell counts in each group.
Assessment of platelet aggregation. Blood was collected in tubes contain-
ing 3.8% trisodium citrate. Platelet aggregation was assessed using platelet-
rich plasma (PRP) by the turbidimetric method in a two-channel aggregometer
(Chrono-Log 490 Model; Chrono-Log, Havertown, PA), as previously described
(21–24). Platelet agonists included 6 �mol/l ADP (Chrono-Log) in group 1 and
6 �mol/l ADP, 20 �mol/l ADP, and 6 �g/ml collagen (Chrono-Log) in group 2
(21–24). PRP was obtained as a supernatant after centrifugation of citrated
blood at 800 rpm for 10 min. Platelet-poor plasma was obtained by a second
centrifugation of the blood fraction at 2,500 rpm for 10 min. The platelet count
in PRP was adjusted to the range of 250.000/�l by dilution with autologous
plasma when the platelet count was out of range. Light transmission was
adjusted to 0% with PRP and to 100% for platelet-poor plasma for each
measurement. Platelet aggregation was assessed within 2 h from blood
sampling. PRP was kept at 22°C before use and at 37°C 1 min before running
the aggregatory test. Aggregation was assessed in siliconized tubes at 37°C in
constant stirring conditions, and curves were recorded for 5 min. Platelet
aggregation was determined as the maximal percent change in light transmit-
tance from baseline using platelet-poor plasma as a reference.
Platelet activation. Platelet activation was determined by assessing platelet
surface expression of activated GP IIb/IIIa and P-selectin following 2 �mol/l
ADP (Chrono-Log) stimuli through flow cytometry in group 2 (23–25). GP
IIb/IIIa activation was assessed using a PAC-1 antibody (PAC1-fluorescein
isothiocyanate conjugated; Becton Dickinson, Rutherford, NJ), which binds
directly to the activated GP IIb/IIIa receptor. P-selectin expression was
assessed using a phycoerithrin-conjugated anti-CD62P (0.3 mg/ml; Becton
Dickinson, San José, CA). An EPICS-XL PROFILE II Coulter flow cytometer
(Coulter, Miami, FL) was used for the assessment. After discard of the initial
millilitres of blood to avoid spontaneous platelet activation, whole blood was
drawn into sterile tubes containing 3.8% trisodium citrate and then diluted
with HEPES-tyrodes buffer (5 mmol/l HEPES, 137 mmol/l NaCl, 2.7 mmol/l
NaHCO3, 0.36 mmol/l NaH2PO4, 2 mmol/l CaCl2, 5 mmol/l glucose, and 0.2%
BSA) to a final volume of 1:8:1 (blood:HEPES-tyrodes:citrate), resulting in a
1/10 dilution of whole blood during sampling. Previously, HEPES-tyrodes
buffer was filtered through 0.22-�m sterile filters to avoid interference from
particles. Then, 50 �l diluted whole blood was stimulated in vitro with 2
�mol/l ADP before immunolabeling. The corresponding antibody was then
added and incubated for 20 min in the dark at room temperature. After
incubation, 300 �l of 0.5% PBS-buffered paraformaldehyde was added for
fixation. Samples were analyzed within 2 h by flow cytometry, and platelets
were identified based on particle size (forward scatter) and complexity (side
scatter). Light scatter and fluorescence data from 10,000 platelet events were
collected, with all detectors in logarithmic mode. Acquisition and processing
data were analyzed with XL2 software (Coulter). Platelet activation was
expressed as the percentage of platelets positive for antibody binding.
Definition of clopidogrel response. Response to clopidogrel treatment was
assessed according to the degree of inhibition of platelet aggregation defined
as the absolute reduction in platelet aggregation 24 h after 300 mg clopidogrel
administration compared with baseline values. Baseline values refer to
platelet aggregation before clopidogrel administration while patients were
only on aspirin. Inhibition of platelet aggregation was expressed as percent
inhibition of baseline aggregation according to the following equation: %
inhibition � (PA baseline � PA 24 h after treatment/PA baseline) �100. Patients were
classified as nonresponders, low responders, and responders when platelet
inhibition was �10, 10–29, and �30%, respectively, as previously reported
(23,26,27).
Statistical analysis. Continuous variables are expressed as means � SD.
Categorical variables are expressed as frequencies and percentages. Compar-
isons between categorical variables were performed using two-tailed Fisher’s
exact test or the Pearson’s �2 test, as appropriate. Student	s t test was used to
compare continuous variables, since these were normally distributed. A
MANOVA was used to assess differences between groups during the overall

study time course in group 1. P � 0.05 was considered statistically significant.
Statistical analysis was performed using a SPSS v. 11.0 software (SPSS,
Chicago, IL).

RESULTS

Acute response to clopidogrel loading dose (group

1). There were 16 diabetic and 36 nondiabetic patients in
group 1. Baseline demographic data are reported in Table
1. HbA1c (A1C) levels in individuals with diabetes were
7.4 � 0.8%. There were no procedural complications, and
patients were discharged uneventful.

ADP-induced platelet aggregation was significantly in-
creased in diabetic compared with nondiabetic patients at
baseline (patients only on aspirin) and 4 and 24 h after
clopidogrel front loading (Fig. 1). No differences in hemat-
ocrit and platelet count and mean platelet volume were
observed between the two groups (Table 2). Platelet
aggregation during the 24 h following clopidogrel loading
dose was significantly higher (MANOVA, P � 0.005) in
diabetic compared with nondiabetic patients (Fig. 1). A
significantly higher number of clopidogrel nonresponders
were observed 24 h after drug administration among
diabetic patients (P � 0.04, Fig. 2).
Long-term response to combined clopidogrel and as-

pirin therapy (group 2). There were 60 diabetic and 60
nondiabetic patients in group 2. Patients were on dual
antiplatelet treatment for 8.3 � 4.6 months. There were no
differences in baseline demographics between diabetic
and nondiabetic patients (Table 3). A1C levels in individ-
uals with diabetes were 7.1 � 1.3%. Hematocrit and
platelet count and mean platelet volume were also similar
in the two groups (Table 3). Diabetic patients had signifi-
cantly increased platelet aggregation compared with non-
diabetic patients, following stimuli with 6 �mol/l ADP
(36.5 � 13.5 vs. 31.2 � 14.6), 20 �mol/l ADP (51.0 � 12.1
vs. 45.5 � 15.8), and 6 �g/ml collagen (41.9 � 17.3 vs.
31.9 � 18.5) (Fig. 3A). In addition, GP IIb/IIIa activation
(39.5 � 20.4 vs. 30.4 � 18.6) and P-selectin expression
(24.2 � 16.0 vs. 16.7 � 11.8) were significantly increased in
diabetic compared with nondiabetic patients (Fig. 3B). No
differences in platelet function were observed between
diabetic patients on oral antidiabetic agents (n � 43) and
insulin treatment (n � 17) (Table 4).

TABLE 1
Demographics of group 1

Diabetic
subjects

Nondiabetic
subjects P

n 16 36
Age (years) 62 � 10 62 � 11 0.89
Male 13 (81) 32 (89) 0.66
Risk factors

Cigarette smoking 8 (50) 26 (72) 0.20
Hyperlipemia 9 (56) 22 (61) 0.77
Hypertension 10 (62) 17 (47) 0.38

Treatment

-Blockers 12 (75) 23 (64) 0.53
Nitrates 9 (56) 25 (69) 0.37
ACE inhibitors 5 (31) 12 (33) 1.00
Statins 6 (37) 13 (36) 1.00
Calcium blockers 4 (25) 4 (11) 0.23

Data are means � SD or n (%).
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DISCUSSION

This is the first study to assess platelet function profiles in
diabetic patients on combined aspirin and clopidogrel
treatment. Our findings demonstrate increased platelet
aggregation and activation in diabetic patients compared
with nondiabetic patients. In particular, platelet dysfunc-
tion in diabetic patients was observed acutely after a
300-mg clopidogrel loading dose and persisted after long-
term combined clopidogrel and aspirin therapy. A high
proportion of nonresponders to the standard clopidogrel
loading dose was also observed in the diabetic population.

Type 2 diabetes has been considered an equivalent to
CAD (28). The recurrence rate of ischemic events is higher
in diabetic than in nondiabetic patients (1–6). Several
mechanisms account for such increased atherothrombotic
risk in diabetic patients (28). Individuals with diabetes
frequently present with other cardiovascular risk factors
(hypertension, dyslipedemia, and obesity). However, this
accounts for no more than 25% of the excess cardiovascu-
lar risk in this population. Other factors, such as hypergly-
cemia, insulin resistance, and proinflammatory and
prothrombotic status, specific for the diabetic subjects,

also contribute to the increased atherthombotic risk. The
prothrombotic status is related to endothelial dysfunction,
impaired fibrinolysis, increased coagulation factors, and
altered platelet function, which decrease response to
antiplatelet agents (7–11).

Several mechanisms may account for the reduced sen-
sitivity to aspirin in diabetic patients (7–9). A poor re-
sponse to aspirin may occur despite adequate suppression
of the thromboxane A2 pathway (29). In particular, in-
creased cell-cell interactions (i.e., platelet-erythrocytes)
and platelet exposure or reactivity to ADP observed in
diabetic patients may contribute to this phenomenon
(30–33). This may explain why the use of the ADP
receptor antagonist clopidogrel is superior to aspirin in
reducing ischemic events in diabetic patients (34). This
also suggests that the addition of clopidogrel to aspirin
may improve the overall response to antiplatelet therapy
in these patients. Indeed, the present study corroborates
the synergistic effects on platelet inhibition of dual (aspirin
and clopidogrel) antiplatelet therapy. However, diabetic
patients still experienced higher platelet aggregation and
activation compared with nondiabetic subjects.

Clopidogrel and aspirin synergistically inhibit platelet
function through two different pathways: the P2Y12 sub-
type ADP receptor for clopidogrel and the cyclooxygen-
ase-1 enzyme for aspirin (16,17). The addition of
clopidogrel to aspirin was accompanied by a significant
reduction in platelet aggregation compared with baseline
values; however, this still resulted in suboptimal platelet
inhibition in diabetic patients. Although the relative reduc-
tion in platelet reactivity following clopidogrel administra-
tion was lower in diabetic patients, one may argue that at
24 h the absolute reduction in platelet reactivity from
baseline was similar (�21%) in both groups, suggesting
equivalent sensitivity to clopidogrel. However, when sen-
sitivity is defined according to the degree of inhibition of
platelet function following clopidogrel administration, as
suggested by several authors (23,26,27), patients with
diabetes showed reduced responsiveness (Fig. 2). In addi-
tion, when applying another proposed definition for clopi-
dogrel responsiveness (35), which defines clopidogrel
nonresponders as those with absolute changes in platelet
reactivity �10%, the result is that diabetic patients are still
less responsive to clopidogrel (44 vs. 17%, P � 0.04). Also,
one may argue that the degree of response to clopidogrel

FIG. 1. ADP (6 �mol/l)-induced platelet aggregation in diabetic (DM)
(n � 16) compared with nondiabetic (n � 36) patients at baseline
(while only on aspirin) and 10 min, 4 h, and 24 h following a 300-mg
clopidogrel loading dose.

TABLE 2
Biological data in group 1

Baseline 10 min 4 h 24 h

Platelet count (109/l)
Diabetic patients 203.4 � 67.3 180.9 � 43.8 201.8 � 69.5 199.2 � 70.1
Nondiabetic patients 177.9 � 42.1 173.3 � 41.2 179.4 � 36.6 178.5 � 51.0
P value 0.18 0.73 0.24 0.63

Hematocrit (%)
Diabetic patients 40.1 � 3.8 36.2 � 4.3 37.7 � 3.4 40.0 � 4.3
Nondiabetic patients 41.3 � 4.5 38.3 � 3.8 40.1 � 4.8 41.6 � 3.4
P value 0.37 0.12 0.09 0.16

Mean platelet volume (fl)
Diabetic patients 9.7 � 1.0 9.5 � 0.9 9.7 � 1.2 9.4 � 0.9
Nondiabetic patients 9.4 � 0.7 9.4 � 0.7 9.3 � 0.6 9.5 � 1.2
P value 0.35 0.60 0.13 0.86

Data are means � SD.
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improves beyond 24 h after clopidogrel front loading (35).
However, platelet function remained increased in diabetic
compared with nondiabetic patients, even after prolonged
treatment (Fig. 3A and B).

Mechanisms, other than increased ADP exposure, may
be involved in the reduced sensitivity of diabetic platelets
to dual antiplatelet therapy observed in our study. In-
creased platelet turnover (36), cytosolic levels of calcium
(37), oxidative stress resulting in aspirin-insensitive
thromboxane biosynthesis (38), altered structure of plate-
let membrane due to impaired lipid metabolism, and
enhanced protein glycation reducing interaction with drug
target (39) all affect response to antiplatelet agents. The
latter may explain why poor metabolic control may play a
role in reduced platelet sensitivity to antiplatelet drugs

(10). However, in our study, we did not observe any
correlation between A1C levels and platelet reactivity
(data not shown). This is likely related to the limited
variability in A1C levels in our patients. In fact, our study
patients all had CAD; therefore, metabolic control was
reinforced. Overall, it appears that a more generalized
dysfunctional status of the diabetic platelet with multiple
pathways is involved in the suboptimal response of dia-
betic patients to dual antiplatelet therapy.

Increased platelet reactivity is associated with cardio-
vascular risk (40–43) and may be associated with the
increased atherothrombotic risk in the diabetic patient

FIG. 2. Inhibition of ADP (6 �mol/l)-induced platelet aggregation to
define clopidogrel responsiveness 24 h after loading dose. Clopidogrel
nonresponders (E), low responders (�), and responders (‚) where
defined when platelet inhibition was <10, 10–29, and >30%, respec-
tively. Dashed lines indicate 10 and 30% inhibition of platelet aggre-
gation. A significantly higher number of clopidogrel nonresponders
were observed among diabetic patients (DM) (nondiabetic vs. diabetic
subjects; responders: 78 vs. 56%, low responders: 14 vs. 6%, nonre-
sponders: 8 vs. 38%, P � 0.04).

FIG. 3. Platelet aggregation following ADP (6 and 20 �mol/l) and
collagen (6 �g/ml) stimuli (A) and platelet activation (PAC-1 binding
and P-selectin expression) following ADP (2 �mol/l) stimuli (B) in
diabetic (DM) (n � 60) compared with nondiabetic (n � 60) patients
on sustained aspirin and clopidogrel treatment.

TABLE 3
Demographics and biological data of group 2

Diabetic
subjects

Nondiabetic
subjects P

n 60 60
Age (years) 65 � 10 62 � 11 0.10
Male 38 (63) 46 (77) 0.16
Risk factors

Cigarette smoking 4 (7) 8 (13) 0.36
Hyperlipemia 30 (50) 38 (63) 0.19
Hypertension 33 (55) 30 (50) 0.72

Treatment

-Blockers 34 (57) 38 (63) 0.58
Nitrates 33 (55) 35 (59) 0.71
ACE inhibitors 25 (42) 18 (30) 0.25
Statins 36 (60) 37 (62) 1.00
Calcium blockers 23 (39) 24 (40) 1.00

Biological markers
Hematocrit (%) 49 � 4.5 41.2 � 3.7 0.24
Platelet count (109/ml) 213.1 � 63.7 208.4 � 52.7 0.67
Mean platelet volume (fl) 9.2 � 1.1 9.3 � 0.9 0.56

Data are means � SD or n (%).

TABLE 4
Platelet function profiles in diabetic patients according to hypo-
glycemic treatment

Insulin

Oral
antidiabetic

agents P

n 17 43
Platelet aggregation (%)

6 �mol/l ADP 38.9 � 16.5 35.6 � 12.6 0.39
20 �mol/l ADP 53.3 � 14.0 50.2 � 11.3 0.35
6 �g/ml collagen 42.6 � 17.7 41.7 � 17.4 0.86

Platelet activation (%)
PAC-1 43.2 � 24.3 38.3 � 19.0 0.48
P-selectin 23.1 � 11.9 24.6 � 17.5 0.74

Data are means � SD.
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population. Several reports (12–15) have described that
aspirin-resistant patients have an increased long-term risk
of ischemic events. Recently, nonresponders to clopi-
dogrel treatment have also been shown to be associated
with an increased risk of adverse cardiac events (27,44).
Further studies are warranted to define the clinical impli-
cations of the poor response to both clopidogrel and
aspirin in diabetic patients, as observed in our study. The
ongoing CHARISMA (Clopidogrel for High Atherothrom-
botic Risk and Ischemic Stabilization, Management, and
Avoidance) trial has randomized �15,000 patients to aspi-
rin plus placebo or aspirin plus clopidogrel; of these
patients, �6,000 have diabetes (45). This trial also in-
cluded a substudy assessing responsiveness to antiplatelet
therapy. Therefore, CHARISMA will not only provide a
prospective assessment of whether clopidogrel plus aspi-
rin versus aspirin alone reduces ischemic events in dia-
betic patients and how this risk reduction compares with
that seen in nondiabetic subjects but will also better define
the clinical implications of suboptimal response to anti-
platelet agents in these patients. Whether optimization of
antiplatelet therapy for diabetic patients, either by using
higher clopidogrel doses or addition of other antithrom-
botic drugs, will further decrease the atherothrombotic
risk of diabetic patients also remains to be demonstrated.

REFERENCES

1. Luscher TF, Creager MA, Beckman JA, Cosentino F: Diabetes and vascular
disease: pathophysiology, clinical consequences and medical therapy.
Circulation 108:1655–1661, 2003

2. Beckman JA, Creager M, Libby P: Diabetes and atherosclerosis: epidemi-
ology, pathophysiology, and management. JAMA 287:2570–2581, 2002

3. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M: Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardial infarction. N Engl J Med

339:229–234, 1998
4. Mak KH, Moliterno DJ, Granger CB, Miller DP, White HD, Wilcox RG, Califf

RM, Topol EJ: Influence of diabetes mellitus on clinical outcome in the
thrombolytic era of acute myocardial infarction: GUSTO-I Investigators:
Global Utilization of Streptokinase and Tissue Plasminogen Activator for
Occluded Coronary Arteries. J Am Coll Cardiol 30:171–179, 1997

5. Barsness GW, Peterson ED, Ohman EM, Nelson CL, DeLong ER, Reves JG,
Smith PK, Anderson RD, Jones RH, Mark DB, Califf RM: Relationship
between diabetes mellitus and long-term survival after coronary bypass
and angioplasty. Circulation 96:2551–2556, 1997

6. Abizaid A, Kornowski R, Mintz GS, Hong MK, Abizaid AS, Mehran R,
Pichard AD, Kent KM, Satler LF, Wu H, Popma JJ, Leon MB: The influence
of diabetes mellitus on acute and late clinical outcomes following coronary
stent implantation. J Am Coll Cardiol 32:584–589, 1998

7. Colwell JA, Nesto RW: The platelet in diabetes: focus on prevention of
ischemic events. Diabetes Care 26:2181–2188, 2003

8. Vinik AI, Erbas T, Park TS, Nolan R, Pittenger GL: Platelet dysfunction in
type 2 diabetes. Diabetes Care 24:1476–1485, 2001

9. Ferroni P, Basili S, Falco A, Davi G: Platelet activation in type 2 diabetes
mellitus. J Thromb Haemost 2:1282–1291, 2004

10. Watala C, Golanski J, Pluta J, Boncler M, Rozalski M, Luzak B, Kropi-
wnicka A, Drzewoski J: Reduced sensitivity of platelets from type 2
diabetic patients to acetylsalicylic acid (aspirin): its relation to metabolic
control. Thromb Res 113:101–113, 2004

11. Mori TA, Vandongen R, Douglas AJ, McCulloch RK, Burke V: Differential
effect of aspirin on platelet aggregation in IDDM. Diabetes 41:261–266,
1992

12. Gum PA, Jottke-Marchant K, Welsh PA, White J, Topol EJ: A prospective,
blinded determination of the natural history of aspirin resistance among
stable patients with cardiovascular disease. J Am Coll Cardiol 41:961–965,
2003

13. Eikelboom JW, Hirsh J, Weitz JI, Johnston M, Yi Q, Yusuf S: Aspirin-
resistant thromboxane biosynthesis and the risk of myocardial infarction,
stroke, or cardiovascular death in patients at high risk for cardiovascular
events. Circulation 105:1650–1655, 2002

14. Grotemeyer KH, Scharafinski HW, Husstedt IW: Two-year follow-up of
aspirin responder and aspirin non responder: a pilot-study including 180
post-stroke patients. Thromb Res 71:397–403, 1993

15. Mueller MR, Salat A, Stangl P, Murabito M, Pulaki S, Boehm D, Koppen-
steiner R, Ergun E, Mittlboeck M, Schreiner W, Losert U, Wolner E:
Variable platelet response to low-dose ASA and the risk of limb deterio-
ration in patients submitted to peripheral arterial angioplasty. Thromb

Haemost 78:1003–1007, 1997
16. Moshfegh K, Redondo M, Julmy F, Wuillemin WA, Gebauer MU, Haeberli

A, Meyer BJ: Antiplatelet effects of clopidogrel compared with aspirin after
myocardial infarction: enhanced inhibitory effects of combination therapy.
J Am Coll Cardiol 36:699–705, 2000

17. Cadroy Y, Bossavy JP, Thalamas C, Sagnard L, Sakariassen K, Boneu B:
Early potent antithrombotic effect with combined aspirin and a loading
dose of clopidogrel on experimental arterial thrombogenesis in humans.
Circulation 101:2823–2828, 2000

18. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK: Effects of
clopidogrel in addition to aspirin in patients with acute coronary syn-
dromes without ST-segment elevation. N Engl J Med 345:494–502, 2001

19. Steinhubl SR, Berger PB, Mann JT 3rd, Fry ET, DeLago A, Wilmer C, Topol
EJ: Early and sustained dual oral antiplatelet therapy following percuta-
neous coronary intervention: a randomized controlled trial (CREDO).
JAMA 288:2411–2420, 2002

20. Alberti KG, Zimmet PZ, the WHO Consultation: Definition, diagnosis and
classification of diabetes mellitus and its complications. Part 1. Diagnosis
and classification of diabetes mellitus: provisional report of a WHO
Consultation. Diabet Med 15:539–553, 1998

21. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Ramirez C, Sabate M,
Hernandez-Antolin R, Moreno R, Escaned J, Alfonso F, Banuelos C,
Macaya C: Is a 300 mg clopidogrel loading dose sufficient to inhibit platelet
function early after coronary stenting? A platelet function profile study.
J Invasive Cardiol 16:325–329, 2004

22. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Ramirez C, Escaned J,
Moreno R, Hernandez-Antolin R, Sabate M, Trabetti E, Pignatti PF, Macaya
C: Role of the 807 C/T polymorphism of glycoprotein Ia/IIa on platelet
function following clopidogrel loading-dose in patients undergoing coro-
nary stenting. Blood Coagul Fibrinolysis 15:427–433, 2004

23. Angiolillo DJ, Fernández-Ortiz A, Bernardo E, Ramirez C, Sabate M,
Banuelos C, Hernandez-Antolin R, Escaned J, Moreno R, Alfonso F,
Macaya C: Clopidogrel responders and interindividual variability in plate-
let inhibition following a high clopidogrel loading dose regimen during
coronary intervention. Eur Heart J 25:1903–1910, 2004

24. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Ramirez C, Barrera-Ramirez
C, Sabate M, Hernandez R, Moreno R, Escaned J, Alfonso F, Banuelos C,
Costa MA, Bass TA, Macaya C: Identification of low responders to a 300 mg
clopidogrel loading dose in patients undergoing coronary stenting. Thromb

Res 115:101–108, 2005
25. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Alfonso F, Sabate M,

Fernandez C, Stranieri C, Trabetti E, Pignatti PF, Macaya C: PlA polymor-
phism and platelet reactivity following clopidogrel loading dose in patients
undergoing coronary stent implantation. Blood Coagul Fibrinolysis 15:89–
93, 2004

26. Lau WC, Gurbel PA, Watkins PB, Neer CJ, Hopp AS, Carville DG, Guyer
KE, Tait AR, Bates ER: Contribution of hepatic cytochrome P450 3A4
metabolic activity to the phenomenon of clopidogrel resistance. Circula-

tion 109:166–171, 2004
27. 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 89:783–
787, 2003

28. Nesto RW: Correlation between cardiovascular disease and diabetes
mellitus: current concepts. Am J Med 116 (Suppl. 5A):11S–22S, 2004

29. Patrono C: Aspirin resistance: definition, mechanisms and clinical read-
outs. J Thromb Haemost 1:1710–1713, 2003

30. Valles J, Santos MT, Aznar J, Osa A, Lago A, Cosin J, Sanchez E, Broekman
MJ, Marcus AJ: Erythrocyte promotion of platelet reactivity decreases the
effectiveness of aspirin as an antithrombotic therapeutic modality: the
effect of low-dose aspirin is less than optimal in patients with vascular
disease due to prothrombotic effects of erythrocytes on platelet reactivity.
Circulation 97:350–355, 1998

31. Valles J, Santos MT, Aznar J, Marcus AJ, Martinez-Sales V, Portoles M,
Broekman MJ, Safier LB: Erythrocytes metabolically enhance collagen-
induced platelet responsiveness via increased thromboxane production,
adenosine diphosphate release, and recruitment. Blood 78:154–162, 1991

32. Valles J, Santos MT, Aznar J, Velert M, Barbera G, Carmena R: Modulatory

DIABETES AND DUAL ANTIPLATELET TREATMENT

2434 DIABETES, VOL. 54, AUGUST 2005

D
ow

nloaded from
 http://diabetes.diabetesjournals.org/diabetes/article-pdf/54/8/2430/555464/zdb00805002430.pdf by guest on 25 April 2024



effect of erythrocytes on the platelet reactivity to collagen in IDDM
patients. Diabetes 46:1047–1053, 1997

33. Ziegler O, Guerci B, Muller S, Candiloros H, Mejean L, Donner M, Stoltz JF,
Drouin P: Increased erythrocyte aggregation in insulin-dependent diabetes
mellitus and its relationship to plasma factors: a multivariate analysis.
Metabolism 43:1182–1186, 1994

34. Bhatt DL, Marso SP, Hirsch AT, Ringleb PA, Hacke W, Topol EJ: Amplified
benefit of clopidogrel versus aspirin in patients with diabetes mellitus.
Am J Cardiol 90:625–628, 2002

35. Gurbel PA, Bliden KP, Hiatt BL, O’Connor CM: Clopidogrel for coronary
stenting: response variability, drug resistance, and the effect of pretreat-
ment platelet reactivity. Circulation 107:2908–2913, 2003

36. Tschoepe D, Roesen P, Esser J, Schwippert B, Nieuwenhuis HK, Kehrel B,
Gries FA: Large platelets circulate in an activated state in diabetes
mellitus. Semin Thromb Hemost 17:433–438, 1991

37. Li Y, Woo V, Bose R: Platelet hyperactivity and abnormal Ca(2�) ho-
meostasis in diabetes mellitus. Am J Physiol Heart Circ Physiol 280:
H1480–H1489, 2001

38. Cipollone F, Ciabattoni G, Patrignani P, Pasquale M, Di Gregorio D,
Bucciarelli T, Davi G, Cuccurullo F, Patrono C: Oxidant stress and
aspirin-insensitive thromboxane biosynthesis in severe unstable angina.
Circulation 102:1007–1013, 2000

39. Winocour PD, Watala C, Perry DW, Kinlough-Rathbone RL: Decreased

platelet membrane fluidity due to glycation or acetylation of membrane
proteins. Thromb Haemost 68:577–582, 1992

40. Kabbani SS, Watkins MW, Ashikaga T, Terrien EF, Holoch PA, Sobel BE,
Schneider DJ: Platelet reactivity characterized prospectively: a determi-
nant of outcome 90 days after percutaneous coronary intervention. Cir-

culation 104:181–186, 2001
41. Lam JY, Latour JG, Lesperance J, Waters D: Platelet aggregation, coronary

artery disease progression and future coronary events. Am J Cardiol

73:333–338, 1994
42. Keating FK, Whitaker DA, Kabbani SS, Ricci MA, Sobel BE, Schneider DJ:

Relation of augmented platelet reactivity to the magnitude of distribution
of atherosclerosis. Am J Cardiol 94:725–728, 2004

43. Trip MD, Cats VM, van Capelle FJ, Vreeken J: Platelet hyperreactivity and
prognosis in survivors of myocardial infarction. N Engl J Med 322:1549–
1554, 1990

44. Matetzky S, Shenkman B, Guetta V, Shechter M, Bienart R, Goldenberg I,
Novikov I, Pres H, Savion N, Varon D, Hod H: Clopidogrel resistance is
associated with increased risk of recurrent atherothrombotic events in
patients with acute myocardial infarction. Circulation 109:3171–3175, 2004

45. Bhatt DL, Topol EJ, the CHARISMA Executive Committee: Clopidogrel
added to aspirin versus aspirin alone in secondary prevention and high-risk
primary prevention: rationale and design of the Clopidogrel for High
Atherothrombotic Risk and Ischemic Stabilization, Management, and
Avoidance (CHARISMA) trial. Am Heart J 148:263–268, 2004

D.J. ANGIOLILLO AND ASSOCIATES

DIABETES, VOL. 54, AUGUST 2005 2435

D
ow

nloaded from
 http://diabetes.diabetesjournals.org/diabetes/article-pdf/54/8/2430/555464/zdb00805002430.pdf by guest on 25 April 2024


