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Abstract
Background Diabetes is associated with a high rate of events after acute coronary syndrome. It was recently reported that once-
daily aspirin might not provide stable biological efficacy in patients with diabetes.
Aims We sought to compare the biological efficacy of aspirin given once a day versus aspirin divided twice per day in a
population of diabetic patients with non-ST elevation acute coronary syndrome (NSTE-ACS) as assessed by the thrombin
generation test.
Methods We performed an open-label single-blind randomized study including 59 consecutive diabetic patients admitted for
NSTE-ACS. Patients were randomly treated with aspirin 100 mg once a day (GA100; n = 20), aspirin 160 mg once a day
(GA160; n = 19) or aspirin 100 mg twice a day (G2A100; n = 20). The primary endpoint was endogenous thrombin potential
(ETP) at discharge and after 6 months.
Results The mean age of our patients was 61.5 ± 9 years, and 73% were male. The baseline characteristics were comparable
between the three groups. In the GA100 group, there was no significant effect on ETP variation at 6 months (1150.46 ± 504.84
vs. 1087.63 ± 454.18; p = 0.794). An increase in aspirin dose with a second daily administration of 100 mg was associated with a
significant reduction in ETP at 6 months (1004.87 ± 196.2 vs. 1233.63 ± 333.5; p = 0.003). A nonsignificant decrease in ETPwas
seen in the GA160 group (from 1173.8 ± 388.07 to 1053.64 ± 269.93 at 6 months, p = 0.117).

Key points
• There was no variation in thrombin generation in diabetic patients on
100 mg once per day 6 months after an episode of non-ST elevation acute
coronary syndrome.
• There was a nonsignificant reduction in thrombin generation on aspirin
160 mg once per day in the study population.

• There was a significant reduction in ETP on aspirin (100 mg twice per
day) 6 months after an episode of non-ST elevation acute coronary
syndrome.

• After an episode of non-ST elevation acute coronary syndrome, twice-
daily aspirin is more effective in reducing thrombin generation than
once-daily aspirin in patients with diabetes.
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Conclusion Only the twice-daily aspirin regimen led to better control of hypercoagulability in NSTE-ACS diabetic patients.
However, no thrombin generation normalization was reported.

Keywords Aspirin . Thrombin generation . Diabetes . Acute coronary syndrome

Introduction

Antiplatelet therapy has formed the backbone of acute coro-
nary syndrome (ACS)management for decades. It is generally
assumed that the antithrombotic effect of aspirin is exerted
through acetylation of the platelet cyclooxygenase, resulting
in reduced thromboxane formation and platelet inhibition [1].
Moreover, there are studies indicating that aspirin may have
antithrombotic effects through inhibition of thrombin genera-
tion (TG) [2], enhancement of fibrinolysis [3] or alterations in
fibrin gel porosity [4, 5].

Although the incidence of atherothrombotic recurrence is
reduced with dual antiplatelet therapy, it remains high in pa-
tients with diabetes mellitus (DM), underscoring the need for
more efficacious strategies [6, 7].

Several studies have reported reduced clinical benefit and
stable biological efficacy of once-daily low-dose aspirin, es-
pecially in diabetic patients [8, 9].

The specific mechanisms of aspirin resistance in DM pa-
tients have not been entirely elucidated. Several mechanisms
have been put forward: (i) drug interactions (e.g., with proton
pump inhibitors or nonsteroidal anti-inflammatory drugs) [10,
11]; (ii) metabolic disorders (insulin resistance, hyperlipid-
emia) [12]; (iii) chronic kidney disease [13]; and (iv) the
new hypothesis of increased platelet reactivity and/or turn-
over, as the introduction into the bloodstream of newly gen-
erated platelets not exposed to aspirin may continue to gener-
ate thromboxane A2 [14].

In clinical practice, the efficacy of antiplatelet drugs has
traditionally been monitored with methods based on the eval-
uation of induced platelet aggregation. However, these
methods cannot determine the degree of platelet aggregability
and thrombus suppression as a whole. In recent years, the TG
test has been studied extensively for this purpose, and was
considered as a useful tool for investigating residual hyperco-
agulability and may predict cardiovascular outcomes [15, 16].

The impaCt of Aspirin Regimen on THrombin Generation
in diabEtic patients with Acute Coronary Syndrome
(CARTHaGE-ACS) trial was designed to determine whether
a divided dose of aspirin is more efficient in inhibiting throm-
bin generation than a standard-dose (100 mg–160 mg) regi-
men using the calibrated automated thrombogram (CAT) in
DM patients with non-ST segment elevation acute coronary
syndrome (NSTE-ACS).The main hypothesis of the study
was that decreasing platelet activity in a twice-daily aspirin
regimen would be accompanied by a decrease in thrombin

formation on the platelet surface and could be used for evalu-
ating the efficacy of antiplatelet therapy.

Material and methods

Study population

An open-label single-blind randomized study including 59
consecutive diabetic patients admitted to the cardiology de-
partment for NSTE-ACS between January and December
2017 was conducted.

Eligible patients were ≥ 18 years old, with a history of di-
abetes or with newly discovered diabetes admitted for NSTE-
ACS. DM was defined as glycosylated hemoglobin
(HbA1c) > 6.5% and fasting glycemia >1.26 g/l.

The exclusion criteria were as follows: patients on oral
anticoagulation therapy or with a known allergy to clopidogrel
or aspirin, platelet count <100.000/μL, history of gastrointes-
tinal bleeding, active bleeding, history of cerebrovascular ac-
cident within the last 3 months, severe or moderate anemia,
pregnancy, active inflammatory or malignant disease, or se-
vere renal (eGFR <15 ml/1.73 m2/min) or hepatic
insufficiency.

Patients with indication for coronary artery bypass grafting,
having defective samples, or hospitalized for acute coronary
or bleeding events during the follow-up period were excluded.

Study design

The management and therapeutic strategy were in accordance
with the guidelines of the European Society of Cardiology for
NSTE-ACS [17]. All patients were pretreated with a 300-mg
loading dose of clopidogrel and intravenous administration of
a 250-mg loading dose of acetylsalicylic acid (ASA) followed
by 75 mg of clopidogrel and 100-mg ASA maintenance dose
in the following days (Aspegic®, Sanofi-Aventis, Paris,
France). Coronary artery disease (CAD) was documented in
the overall study population by coronary angiography.
Patients were treated, if appropriate, with percutaneous coro-
nary intervention according to current guidelines at the time of
the study [18]. The same statin (rosuvastatin) was prescribed
for all patients in order to exclude all potential interference of
statins with the TG test as described in prior studies [19–21].
The use of other therapies, including antithrombin therapy and
glycoprotein IIb/IIIa antagonists, was left to the discretion of
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the attending physician. At discharge, patients were randomly
and consecutively assigned to one of three ASA regimens:

(1) 100 mg aspirin given once per day (Aspegic® 100
Sanofi).

(2) 160 mg aspirin given once per day (Kardegic® 160
Sanofi).

(3) 200mg aspirin divided into two doses per day consisting
of 100 mg in the morning 100 mg in the evening
(Aspegic® 100 Sanofi).

TG study was performed after randomization, at discharge
(T0) (median: 4 days after the clopidogrel loading dose, range:
2–7 days) and 6 months later (T1) in patients free from recur-
rent ischemic or bleeding events during the follow-up period.
Compliance and occurrence of adverse events were systemat-
ically assessed by regular phone calls.

The study complied with the Declaration of Helsinki and
was approved by the local ethics committee. All eligible par-
ticipants were fully informed about the study protocol, agreed
to participate in the study, and expressed their understanding
and provided written informed consent.

Blood samples

Blood was collected in tubes containing 3.2% sodium citrate
diluted in a ratio of 1:9. Platelet-poor plasma (PPP) was ob-
tained by centrifugation at 2500×g for 15 min at room tem-
perature for the TG analysis. All samples were kept frozen at
−80 °C for a maximum of 7 months. Blood samples for rou-
tine tests were prepared and analyzed with conventional
methods.

The calibrated automated thrombogram (CAT) assay

In this study, the TG test was performed and results were
analyzed according to the method suggested by Hemker
et al. in 2003 [22, 23]. Briefly, 80 μl thawed PPP was mixed
with 20 μl of a reagent (PPP-Reagent®; Diagnostica Stago,
Asnières, France) containing tissue factor and phospholipids,
with final concentrations of 5pM and 4 μM, respectively. The
reactions were performed in microtiter wells after the addition
of a freshly made starting reagent (PPP-Reagent®;
Diagnostica Stago) and a thrombin-specific fluorogenic sub-
strate (FluCa Kit®; Diagnostica Stago). The fluorescence in-
tensity was recorded by the Fluoroskan Ascent fluorometer
(Diagnostica Stago). A dedicated software program enabled
the calculation of thrombin activity against time. The follow-
ing TG parameters were evaluated: endogenous thrombin po-
tential (ETP; nM/min), peak thrombin (Peak; nM), lag time
(LT; min) and time to peak (TTP; min).

Endpoints

The primary endpoints were as follows:

ETP variation at 6 months in each group (intragroup
variation)
ETP variation at 6 months between the three aspirin reg-
imens (intergroup variation)

Intergroup variation was defined as: Δ ETP = (ETP
6 months − ETP discharge)/ETP discharge.

The secondary objective was to assess changes in the re-
maining TG parameters (Peak, TTP and LT).

Statistical analysis

Categorical variables were expressed as percentages and fre-
quencies, and continuous variables were presented as mean
values ± SD. Comparisons of categorical variables were test-
ed by χ2 or Fisher’s exact test, as appropriate. The nonpara-
metric Kruskal-Wallis test was used for comparison of con-
tinuous variables. Changes from baseline within the groups
were analyzed by the Wilcoxon matched-pairs test. A p val-
ue < 0.05 was considered statistically significant. All statis-
tical analyses were performed using SPSS version 14.0
software.

Sample size

It was difficult to calculate sample size regarding the effect
of twice-daily aspirin on TG measurement, as there were no
studies definitively showing this association. Thus, based on
a previous study analyzing the effect of oral anticoagulants
on thrombin generation [39], a 20% reduction in ETP at
6 months in patients on aspirin 100 mg/bid versus aspirin
once daily (100 and 160 mg) was assumed, and calculations
were based on a power of 95% and a significance level of
0.05. According to these values, we determined that a sample
population of 54 patients would be sufficient to demonstrate
a decrease in TG in patients on aspirin twice daily versus
once daily. Ultimately, 69 patients (+27%) were enrolled in
this study to allow for potential missing patients during fol-
low-up.

Results

Population characteristics

From January to December 2017, a total of 69 DM patients
admitted for non-ST elevation myocardial infarction NSTE
ACS were enrolled. Of these, 10 were excluded: three patients
died, one patient was lost during follow-up and six were
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excluded for defective samples. Thus, 59 patients completed
the study as planned and were divided into three groups ac-
cording to aspirin dosing (Fig. 1):

GA100: Aspirin 100 mg (n = 20)
GA160: Aspirin 160 mg (n = 19)
G2A100: Aspirin 100 mg×2 (n = 20)

The baseline characteristics of the study population are
given in Tables 1 and 2. The mean age was 61.5 ± 9 years
(40–80 years). Most were male (72%), with a history of
hypertension (68%) and dyslipidemia (48%). The mean lev-
el of HbA1c was 8.95 ± 2.057%. Only five patients
(G2A100: 3; GA160: 2) had high intra-hospital mortality
risk as assessed by the GRACE score (>140). An increased
bleeding risk was found (CRUSADE >40) in 11 patients
(18%), well balanced among the three aspirin groups. All
patients had coronary angiography after a mean duration of
3 ± 1.3 days. During hospitalization, the majority of

patients (93%) received anticoagulant treatment with
we igh t -ad jus t ed low molecu la r we igh t hepa r in
(enoxaparin). In the remaining patients, unfractionated hep-
arin was used, with a target ACT ratio of 2–3 and with no
difference among the three groups (p = 0.733). Most of the
patients (n = 51, 86%) underwent percutaneous coronary
intervention. Of the eight remaining patients, three (37%)
had no clinically significant CAD (either angiographically
normal coronary arteries or all lesions with <70% stenosis),
and five (63%) were not candidates for any type of revas-
cularization. During percutaneous coronary intervention,
al l pat ients had only a weight-adjusted bolus of
unfractionated heparin (30–50 UI/kg), with no need for
glycoprotein IIb/IIIa antagonists. The patients were opti-
mally treated at discharge, receiving double antiplatelet
therapy (clopidogrel + aspirin), statins, beta blockers
(88%) and angiotensin-converting enzyme inhibitors
(ACEI) or angiotensin receptor blocker (98%). The three
treatment groups were comparable with respect to all the
listed variables except for the use of ACEI.

Fig. 1 Study protocol
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Table 1 Clinical characteristics of the population

Total (n = 59) GA100 (n = 20) GA160 (n = 19) G2A100 (n = 20) p

Age, years 61.5 ± 9 62.6 ± 9 61 ± 10 60.9 ± 8 0.844

Male, n (%) 43 (73) 11 (55) 18 (95) 14 (70) 0.219

BMI (kg/m2) 27 ± 4 27 ± 4 26.7 ± 4 26.9 ± 3 0.976

Current smoking, n (%) 25 (42) 9 (45) 10 (53) 6 (30) 0.345

DM treatment

-Insulin 24 (41) 8 (40) 7 (37) 9 (45) 0.856
-OAD 29 (49) 11 (55) 9 (47) 9 (45)

-Diet 6 (10) 1 (5) 3 (16) 2 (10)

Aspirin treatment 29 (49) 10 (50) 8 (42) 11 (55) 0.256

History of CAD, n (%) 26 (44) 10 (50) 5 (26) 11 (55) 0.158

- PCI 21 (36) 9 (45) 5 (26) 7 (35) 0.529

- CABG 5 (9) 1 (5) 0 (0) 4 (20) 0.054

History of stroke, n (%) 3 (5) 0 (0) 1(5) 2 (10) 0.355

LVEF (%) 55.7 ± 10.1 56.6 ± 11.9 57 ± 8.3 53.7 ± 9.8 0.346

CKD (CrCL<30 ml/min) 4 (7) 1(5) 2 (11) 1(5) 0.733

GRACE score 104.9 ± 27 104.5 ± 17 103.3 ± 29 106.9 ± 34 0.884

CRUSADE score 30.4 ± 14 34.1 ± 15 26.2 ± 13 30.8 ± 11 0.274

Culprit lesions:

- LAD 35 (61) 13 (68) 11 (58) 11 (55) 0.669

- Cx 12 (21) 2 (10) 5 (26) 5 (25) 0.469

- RCA 14 (24) 6 (32) 2 (11) 6 (30) 0.238

- Others 3 (7) 2 (10) 1 (5) 0 (0) 0.414

Coronary angioplasty (%) 51(87) 18 (90) 16 (84) 17 (85) 0.847

ACEi, n (%) 42 (71) 12 (60) 16 (84) 14 (70) 0.28

ARB II, n (%) 16 (27) 6 (30) 3 (16) 7 (35) 0.804

BB, n (%) 52 (88) 18 (90) 16 (84) 18 (90) 0.876

Data are expressed as means ± SD or percentage of the global population. BMI: body mass index; DM: diabetes mellitus; OAD: oral antidiabetic drug;
CAD: coronary artery disease; PCI: percutaneous coronary intervention; CABG: coronary artery bypass; LVEF: left ventricular ejection fraction; CKD:
chronic kidney disease; CrCl: creatinine clearance; LAD: left anterior descending artery; CX: circumflex coronary artery; RCA: right coronary artery;
ACEI: angiotensin-converting enzyme inhibitors; BB: beta blockers

Table 2 Biological characteristics of the population

Total (n = 59) GA100 (n = 20) GA160 (n = 19) G2A100 (n = 20) p

Fasting glycemia, mmol/l 11.5 ± 4.8 12.1 ± 5.8 11.3 ± 3.6 11.2 ± 4.7 0.911

HbA1c, % 9 ± 2.1 9 ± 2.3 9.1 ± 1.9 8.8 ± 2.1 0.687

Platelet count, 103/mm3 238.4 ± 61.1 235.7 ± 63.6 239.7 ± 44.4 240 ± 73.8 0.921

Hemoglobin, g/dl 13.7 ± 1.9 13.7 ± 1.9 14.1 ± 1.2 13.2 ± 2.4 0.498

WBC, 103/mm3 8.6 ± 2.5 8 ± 2.5 8.9 ± 2.48 8.8 ± 2.5 0.378

Prothrombin ratio, % 89.7 ± 10.8 87.5 ± 14.8 93.4 ± 8.1 88.5 ± 7.3 0.103

Troponin, ng/ml 1.3 ± 3.6 0.4 ± 0.7 1.4 ± 4.04 2.3 ± 3.8 0.317

Cholesterol, mmol/l 4.2 ± 1.5 4.1 ± 1.5 4.7 ± 1.7 3.9 ± 1.3 0.386

Triglyceride, mmol/l 2.1 ± 2.1 1.7 ± 0.6 2.8 ± 3.2 2 ± 1.4 0.436

Creatinine, μmol/l 83 ± 23.1 77.9 ± 22.6 88.3 ± 24.8 82.9 ± 21.9 0.269

CrCl, ml /min 86.5 ± 239 88.9 ± 26.1 81.9 ± 22.1 88.5 ± 23.7 0.571

Data are expressed as means ± SD or percentage of the global population. WBC: white blood cells; CrCl: creatinine clearance
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Effect of aspirin dosing on TG

Intragroup variation

Thrombogram variables measured at baseline and after 6
months of treatment are shown in Table 3 and Fig. 2. No
significant differences between the groups were observed at
baseline. At follow-up, patients treated with aspirin twice dai-
ly (G2A100) had significantly reduced ETP as compared with
baseline (baseline: 1233.63 ± 33.49 vs. 6 months: 1004.87 ±

196.20; p = 0.003), whereas aspirin 160 mg once daily
(GA160) failed to significantly reduce TG (ETP at baseline:
1173.8 ± 388.07 vs. ETP at 6 months: 1053.64 ± 26,993, p =
0.1). In the 100-mg aspirin group, a slight but nonsignificant
increase in ETP and Peak levels was observed at 6 months. In
the three aspirin regimens, a trend for reduction in time pa-
rameters (TTP/LT) was observed, with no statistical differ-
ence except for TTP in G2A100, which was significantly re-
duced at 6 months (TTP at baseline: 3.92 ± 1.20 vs. TTP at
6 months: 3.03 ± 0.70; p = 0.009).

Fig. 2 Intragroup change in endogenous thrombin potential from baseline to 6 months

Table 3 TG parameters at baseline and after 6 months of treatment according to the randomized regimen

GA100 (n = 20) GA160 (n = 19) G2A100 (n = 20)
Discharge 6 months P1 Discharge 6 months P2 Discharge 6 months P3

ETP,
nM/-
min

1087.63 ± 454.18 1150.46 ± 504.84 0.794 1173.8 ± 388.07 1053.64 ± 269.93 0.117 1233.63 ± 333.49 1004.87 ± 196.20 0.003

Peak,
nM

238.89 ± 92.49 264.07 ± 113.23 0.55 246.53 ± 86.27 232.30 ± 54.52 0.314 264.71 ± 89.18 227.52 ± 49.57 0.079

LT, min 3.45 ± 0.98 3.06 ± 0.60 0.126 3.39 ± 0.89 3 ± 0.86 0.05 3.92 ± 1.20 3.03 ± 0.70 0.009

TTP,
min

5.97 ± 1.52 5.40 ± 0.87 0.17 6.09 ± 1.78 5.43 ± 1.07 0.222 6.52 ± 2.08 5.40 ± 1.15* 0.062

ETP: endogenous thrombin potential; Peak: peak thrombin; LT: lag time; TTP: time to peak

The use of the bold font was to highlight p values < 0.05
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Intergroup variation

We found significant inhibition of ETP and Peak in G2A100
compared with GA100 (ETP: −15% vs. +5%; p = 0.042) (Fig.
1 in supplementary materials). A similar pattern was observed
for ETP variation in G2A100 compared to GA160, but with-
out reaching the significance threshold (ETP: −15% vs. −5%).
No significant difference was observed in either ETP or Peak
variation at 6 months between GA100 and GA160. The re-
maining TG variables were similar in the three different aspi-
rin regimens.

Clinical events

Clinical adverse events occurred in six patients during the
follow-up period. One patient in each of the three groups
experienced cardiac death (two sudden cardiac death, one
myocardial infarction). Three other patients on high-dose as-
pirin (100 mg twice per day or 160 mg) reported minor bleed-
ing (epistaxis/gingival bleeding). No major bleeding episode
was reported.

Discussion

The main results of this study can be summarized as follows:

No variation in TG was reported in diabetic patients on
aspirin 100 mg once per day 6 months after an episode of
NSTE-ACS.
An intermediate regimen of aspirin 160 mg once per day
was associated with a nonsignificant reduction in TG in
the study population.
A regimen of aspirin 100 mg twice per day succeeded in
significantly reducing the ETP (mean reduction of 15%)
6 months after acute coronary syndrome in diabetic
patients.

We opted in this trial to use an aspirin dose of 160 mg once
daily instead of 200 mg once daily mainly to avoid a potential
increase in bleeding and patient noncompliance. We used the
CAT assay as the sole laboratory method. Even though it is a
reliable and consistent test, it still suffers from lack of stan-
dardization. ETP measurement upon admission to the hospital
and the use of platelet function tests as “light transmission
aggregometry” would have added more information. The oth-
er major limitation was the use of PPP for TG analysis. In fact,
by excluding the contribution of platelets to thrombin synthe-
sis, the use of PPP may underestimate the effect of aspirin on
thrombin generation. Follow-up of bleeding events and major
adverse cardiovascular events was conducted for only
6 months. A more prolonged and structured follow-up would
have provided more prognostic information to our study.

Finally, our results showed that multiple daily dosing rather
than a once-daily dose of aspirin may be more beneficial in
diabetic patients. However, this is only a hypothesis-
generating study due to its sample size, and a large prospective
randomized study is needed to confirm whether this approach
will be clinically relevant and safe in patients with diabetes.

Thrombus formation after ACS is driven by coordinated
platelet and thrombin pathways. Key to thrombus formation
is the generation of thrombin, which not only converts fibrin-
ogen to fibrin but also serves as a potent platelet agonist and
induces platelet aggregation at the site of vascular injury [24,
25].

Several studies have shown that in vivo thrombin genera-
tion as assessed by thrombin–antithrombin complex or pro-
thrombin fragment 1+2 assays was clearly increased in pa-
tients with recurrent coronary events and symptomatic CAD
[26–28], lasting for up to 1 year after myocardial infarction
[29, 30] and 6 months after NSTEMI [31, 32]. Ex vivo TG
analysis was first reported in CAD patients by Orbe et al. in
2008, showing higher peak thrombin activity in subjects with
a history of ACS as compared to patients with stable CAD
[33]. Indeed, Smid et al. [34] later confirmed that there was
7% higher ETP and 15% higher peak thrombin in patients
with acute myocardial infarction than in controls.

Thus, it can likely be assumed that TG inhibition during
ACS can contribute substantially to reducing the recurrence of
coronary events, particularly among diabetics.

The optimal dose of aspirin required for secondary preven-
tion of coronary events in diabetic patients is a topic of con-
troversy. In fact, after ACS, patients with DM have a clearly
increased risk of death, stent thrombosis and recurrent events
despite optimal antiaggregant treatment, suggesting a lower
clinical response to aspirin treatment in this population [35].
Possible reasons for the reduced clinical benefit of low-dose
aspirin in DM include platelet hyperactivity and a more rapid
platelet turnover [36, 37]. In trials using platelet aggregation
measurements as an outcome parameter, higher doses of aspi-
rin administered once daily were not superior to lower doses
of 75–100 mg [38]. In this study, aspirin 100 mg given once
daily for 6 months did not reduce TG, and actually caused a
slight increase in TG after 6 months of treatment (baseline
ETP: 1087.63 vs. ETP: 6 months: 1150.46; p = 0.794).
However, the use of aspirin 160 mg once daily was associated
with a reduction in ETP 6 months after the episode of ACS,
although this difference was not significant (p = 0.117).

On the other hand, a second daily administration of 100 mg
aspirin was able to significantly reduce TG, as evidenced by
the reduction in ETP (At 6 months:1004,87 ± 196,2 vs. at
baseline:1233.63 ± 333.5; p = 0.003). Additionally, when
comparing the reduction in ETP between the groups,
G2A100 was associated with a notably greater decrease in
TG at 6 months from ACS compared with G100 (−15% vs.
+20%; p = 0.043). No significant difference was found
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between the other groups. Several lines of evidence point to an
important role of platelets in TG and thrombus formation by
inhibition of thromboxane A2 synthesis. However, studies
evaluating the direct effects of aspirin on TG in vitro and
ex vivo have shown mixed results [39, 40]. To the best of
our knowledge, there are no data concerning the benefit of a
twice-daily aspirin regimen on TG in diabetic patients after
ACS. Nonetheless, several studies have demonstrated the ben-
efit of a fractionated versus once-daily aspirin regimen on
platelet reactivity assessed by platelet function tests. Indeed,
Addad et al. showed that 100 mg aspirin twice per day signif-
icantly reversed high platelet reactivity in diabetic patients
with CAD in comparison with a once-daily dose, as assessed
by the platelet function analyzer (PFA)-100 platelet test [41].
These findings were further confirmed by Dillinger et al., who
demonstrated that aspirin dosing twice per day (75 mg×2)
significantly decreased platelet reactivity to arachidonic acid
(0.5 mg/mL), as measured by light transmission
aggregometry, when compared to once-daily aspirin
(150 mg) in diabetic patients with CAD [42].

Given the fact that platelet activation markers follow a cir-
cadian rhythmwhich peaks between 6 a.m. and noon [43, 44],
this advantage of twice-daily dosing might be related to the
timing of aspirin administration. In a randomized crossover
trial in 14 healthy participants, Bonten et al. [45] demonstrated
that bedtime administration of 80 mg aspirin was more effec-
tive than morning administration in suppressing COX-1 plate-
let reactivity during the morning hours. Our hypothesis re-
garding the benefit of twice-daily versus once-daily aspirin
was based on an assumption of the potential effect of multiple
daily aspirin dosing on increased platelet turnover in DM.
Nevertheless, our results could not completely confirm this
hypothesis, since the aspirin doses used in this trial were not
equivalent. As a matter of fact, the significant decrease in TG
in the G2A100 could be simply due to an aspirin dose-
dependent anticoagulant effect, as described in previous stud-
ies [46, 47]. The mechanisms by which aspirin attenuates
thrombin formation cannot be determined from the present
study. However, available data [48] suggest that the effect of
aspirin on thrombin production may be partially related to
depressed platelet reactivity, but also associated with the prop-
erties of the damaged tissues exposed on injury. The decline in
ETP could be explained by a change in the assembly of pro-
and anticoagulant factors after long-term aspirin treatment.
Indeed, Undas et al. [49] reported that 7-day administration
of aspirin (75 mg per day) resulted in significantly lower ve-
locity of prothrombin consumption (by 29%), TG (by 27.2%)
and prothrombinase formation (by 29%). The post-treatment
appearance of both chains of factor Va (FVa) were reduced by
25% (heavy chain) and 29.6% (light chain). Peak levels of
light and heavy FVa chains were also decreased in blood
collected at the site of vascular injury following aspirin inges-
tion [49]. Aspirin also delayed FXIII activation by thrombin

and decreased the maximum rate of FXIII cleavage [49].
Another explanation for the significant aspirin-induced down-
regulation of TG might be a decrease in TF expression on
monocytes [50] and atherosclerotic plaques [51]. Several oth-
er mechanisms of the anticoagulant effect of aspirin have been
discussed but remain largely hypothetical. Acetylation of pro-
thrombin in vivo has been suggested [52]; however, there are
no fundamental data to support this conjecture. Aspirin has
been reported to acetylate antithrombin [53], and this mecha-
nism, if present in vivo, may contribute to the decrease in
thrombin markers in plasma after aspirin use. Another poten-
tial mechanism of aspirin, independent of the activity of COX-
1, might be fibrin acetylation [54]. In fact, it has been specu-
lated that in vivo acetylation of fibrinogen changes its struc-
ture, which might result in altered properties of the fibrin clot
formed from the modified fibrinogen. [55]

Further, it is not known to what extent aspirin-induced
suppression of COX-1 activity, with the subsequent inhibition
of thromboxane A2 synthesis, may influence thrombin forma-
tion at the platelet with shear surface. At present, the sugges-
tion that impaired platelet function by aspirin translates to
lower thrombin production cannot be excluded.

In conclusion, this prospective pilot study in patients with
diabetes after NSTE-ACS shows that twice-daily aspirin is
more effective in reducing TG than once-daily aspirin, with
no episodes of minor or major bleeding events. However,
future large-scale clinical outcome trials are needed to confirm
this benefit and to assess the clinical efficiency and safety of
such a protocol.
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