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Abstract
Switching  P2Y12 inhibitors is common in clinical practice. However, data on the pharmacodynamic (PD) effects of switching in 
clinical settings characterized by high platelet reactivity, such as diabetes mellitus (DM), are limited. This is a post-hoc analysis 
from a prospective, randomized, open-label study conducted in coronary artery disease patients comparing the PD effects of 
loading dose (LD) and maintenance dose regimens of prasugrel vs ticagrelor according to DM status. A total of 110 patients 
were enrolled: 42 (38%) with DM and 68 (62%) without DM. All patients were on maintenance dual antiplatelet therapy with 
aspirin and clopidogrel. PD assessments were performed using whole blood vasodilator-stimulated phosphoprotein (VASP), 
with results quantified by the platelet reactivity index (PRI), VerifyNow P2Y12 (VN-P2Y12) with results reported as P2Y12 
reaction units (PRU), and light transmittance aggregometry (LTA) following 20 and 5 µM adenosine diphosphate stimuli with 
results reported as maximum platelet aggregation (MPA). PD assessments were performed at baseline (while on clopidogrel), 
30 min after LD, 2 h after LD, and 1 week after LD. Overall, platelet reactivity was higher in DM than in non-DM patients while 
on clopidogrel therapy. After switching to either prasugrel or ticagrelor, platelet reactivity dropped but remained significantly 
higher among patients with DM at 30 min with all tests (VN-PRU p < 0.01, MPA 20 µM p < 0.01, VASP-PRI p = 0.02) and at 
2 h with VN-PRU (p < 0.01) and LTA-MPA 20 µM (p < 0.01) but not with VASP-PRI (p = 0.19). There were no significant dif-
ferences between prasugrel and ticagrelor both among patients with or without DM, except for lower LTA-MPA 20 at 30 min 
(p < 0.01) among non-DM patients treated with prasugrel. Patients with DM treated with clopidogrel have higher platelet 
reactivity compared to patients without DM. Although platelet reactivity markedly reduces to a similar extent after switching 
to prasugrel or ticagrelor, patients with DM persist with increased platelet reactivity compared to patients without DM.
Study registration: ClinicalTrials.gov identifier: NCT01852175
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Highlights

• The impact of diabetes (DM) on the comparative pharma-
codynamics (PD) effects of prasugrel and ticagrelor after 
switching from clopidogrel remains poorly explored.

• In this post-hoc subgroup analysis of a large randomized 
study including 110 patients undergoing switching from 
clopidogrel to prasugrel or ticagrelor, we compared PD 
assessments using three platelet function assays (whole 
blood vasodilator-stimulated phosphoprotein, VerifyNow 
P2Y12, and light transmittance aggregometry following 
20 μM and 5 μM ADP stimuli) at different time points in 
DM versus non-DM patients.

• Patients with DM treated with clopidogrel had higher 
platelet reactivity compared to patients without DM.

• Despite switching from clopidogrel to either prasugrel 
or ticagrelor resulted in a marked reduction in platelet 
reactivity regardless of DM status, patients with DM had 
higher platelet reactivity after both loading and main-
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tenance doses of prasugrel or ticagrelor compared to 
patients without DM. There was no difference between 
prasugrel and ticagrelor at any time points, irrespective 
of DM status.

Introduction

Patients with diabetes mellitus (DM) are characterized by 
platelet hyperreactivity and increased platelet turnover rates 
leading to impaired pharmacodynamic (PD) response to anti-
platelet agents [1–5]. These observations contribute to the 
higher ischemic event rates observed in DM patients com-
pared with non-DM patients despite the use of antiplatelet 
therapy [6, 7]. The use of oral  P2Y12 inhibiting therapy is key 
for the prevention of ischemic recurrences, including stent 
thrombosis, in high risk patients such as those presenting with 
an acute coronary syndrome (ACS) or undergoing percutane-
ous coronary intervention (PCI) [8]. Clopidogrel is the most 
broadly utilized  P2Y12 inhibitor. However, PD studies have 
consistently shown a broad variability in individual response 
to clopidogrel with a considerable number of subjects with 
impaired platelet inhibitory effects [9, 10]. Patients with 
DM have consistently shown to be associated with impaired 
clopidogrel response and high on-treatment platelet reactivity 
(HPR), a marker of thrombotic risk [4, 5, 11, 12].

Prasugrel and ticagrelor have more prompt, potent and 
predictable antiplatelet effects than clopidogrel, leading to 
reduced ischemic events in patients with ACS, regardless of 
DM status [13–16]. In a recent trial comparing ticagrelor and 
prasugrel in ACS patients, DM seemed to affect the efficacy 
of ticagrelor and prasugrel [17, 18]. In particular, in patients 
with DM, the efficacy of ticagrelor was comparable with that 
of prasugrel, whereas in non-DM patients, prasugrel was 

associated with significant reduction of ischemic events [17]. 
Recently, a randomized controlled trial showed that ticagrelor 
reduces ischemic events compared to placebo also among 
aspirin-treated patients with DM and stable CAD who do not 
have a history of myocardial infarction or stroke, especially in 
those with prior PCI [19]. Thus, the overall evidence supports 
the preferential use of potent  P2Y12 inhibitors (prasugrel or 
ticagrelor) among DM patients with CAD, in particular those 
presenting with an ACS, unless prohibitive bleeding risk is 
present [20]. This may also entail switching  P2Y12 inhibitor 
from the less potent clopidogrel to the more potent prasu-
grel or ticagrelor [21]. Nevertheless, the impact of DM on 
the comparative PD effects of prasugrel and ticagrelor after 
switching from clopidogrel remains poorly explored.

Methods

Study design and patient population

The “A head-to Head Comparison of the Pharmacody-
namic Effects of Prasugrel Compared With Ticagrelor in 
Patients With Coronary Artery Disease” was a prospective, 
randomized, parallel design, open-label study comparing 
the PD effects of loading dose (LD) and maintenance dose 
(MD) regimens of prasugrel vs ticagrelor among patients 
with stable CAD on maintenance dual antiplatelet therapy 
(DAPT) with aspirin and clopidogrel (NCT01852175). 
The key findings of the study were that, when switching 
from clopidogrel, prasugrel and ticagrelor achieved simi-
larly prompt and potent platelet inhibitory effects follow-
ing LD administration, which persisted after 1 week of 
MD therapy [14]. The current study is a post-hoc subgroup 
analysis aimed at exploring the effects of DM status on 

Fig. 1  Flow diagram and 
post-hoc subgroup analysis. 
Abbreviations: PD pharmaco-
dynamics, PK pharmacokinetic, 
DM diabetes mellitus
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the PD effects associated with switching from clopidogrel 
to prasugrel or ticagrelor. Design, methods and results of 
the study have been published previously [14]. In brief, 
110 patients with CAD taking aspirin (81 mg/daily) and 
clopidogrel (75 mg/daily) as per standard of care were 
randomized to stop clopidogrel and switch to either pras-
ugrel (60 mg LD followed by 10 mg/day MD initiated 
24 h after the LD) or ticagrelor (180 mg LD followed by 
90 mg/b.i.d. MD starting 24 h after LD). PD assessments 
were performed at five time points by laboratory person-
nel blinded to treatment assignment: (i) baseline (while 
on clopidogrel), (ii) 30 min after LD, (iii) 2 h after LD, 
(iv) 24 h after LD, and (v) 1 week (7 + 2 days) after LD. 
For the purpose of this analysis, we report PD time points 
assessment at baseline, 30 min, 2 h and 1 week.

A summary flow diagram of the study and this post-hoc 
analysis is represented in Fig. 1. PD assessments were con-
ducted using three platelet function assays: whole blood 
vasodilator-stimulated phosphoprotein (VASP) with results 
quantified by the platelet reactivity index (PRI), VerifyNow 
P2Y12 (VN-P2Y12) with results reported as P2Y12 reaction 
units (PRU), and light transmittance aggregometry (LTA) 
following 20 µM and 5 µM adenosine diphosphate (ADP) 
stimuli with results reported as maximum platelet aggrega-
tion (MPA) [14]. Results of LTA 5 µM ADP are not shown 
because were consistent with 20 µM ADP MPA.

Endpoints

The primary aim of this analysis was the comparison of 
platelet reactivity at baseline (while on clopidogrel) and after 
switching to LD prasugrel or ticagrelor at 30 min, 2 h and MD 
at 1 week among patients with DM versus patients without 
DM. Secondary endpoints were the comparison of platelet 
reactivity at all time points between (1) DM versus non-DM 
patients among patients treated with prasugrel; (2) DM ver-
sus non-DM patients among patients treated with ticagrelor; 
(3) prasugrel versus ticagrelor among patients with DM; (4) 
prasugrel versus ticagrelor among patients without DM. Rates 
of HPR, defined as PRI > 50% assessed by VASP, PRU > 208 
assessed by VN-P2Y12, or MPA > 59% assessed by LTA 
20 µM ADP, were also compared between groups [10].

Statistical methods

Continuous variables with normal distribution are expressed 
as mean ± standard deviation and those with skewed distri-
bution are expressed as median ± interquartile range. Cat-
egorical variables are presented as counts and percentages. 
Means of two continuous variables were compared by inde-
pendent samples Student’s t-test or Mann–Whitney U test 
according to the conformity to the normal distribution evalu-
ated with the Kolmogorov–Smirnov test. The frequencies of 

categorical variables were compared using Chi-square test or 
Fisher’s exact test as appropriate. An analysis of covariance 
method with a general linear model, using the baseline value 
of platelet reactivity as a covariate, was used for prasugrel 
versus ticagrelor comparisons. A two-tailed P-value of 0.05 
was considered to indicate statistically significant differ-
ences. Statistical analysis was performed using SPSS version 
24.0 software (SPSS Inc., Chicago, IL, USA).

Results

Patient population

A total of 110 patients were analysed: 42 (38%) with DM 
and 68 (62%) without DM. In particular, among the 55 
patients randomized to prasugrel, 20 (48%) were DM and 
35 (52%) were non-DM, while among the 55 patients ran-
domized to ticagrelor, 22 (52%) were DM and 33 (48%) 
were non-DM. Table 1 shows the baseline characteristics 
of these patients. Overall, the average age was 59 ± 8 years 
and 59% were men. As compared to non-DM patients, DM 
patients were older (61.6 ± 7.2 vs 56.9 ± 8.4, p < 0.01), had 
a higher BMI (34.7 ± 8.5 vs 30.5 ± 5.2, p < 0.01), and more 
peripheral artery disease (30.9% vs 8.8%, p < 0.01). There 
were no differences in the other baseline characteristics 
including concomitant medications, clinical characteris-
tics, and main laboratory tests (Table 1).

Pharmacodynamic findings at baseline 
and after switching from clopidogrel to prasugrel 
or ticagrelor according to DM status

At baseline, while patients were on aspirin and clopidogrel, 
levels of platelet reactivity were significantly higher among 
patients with DM as compared to patients without DM 
as assessed by VN-PRU (p < 0.01) and LTA-MPA 20 µM 
(p < 0.01); the increase did not reach statistical significance 
with VASP-PRI (p = 0.18) (Fig. 2).

After switching from clopidogrel to either prasugrel or 
ticagrelor, platelet reactivity significantly dropped at 30 min 
(VN-PRU p < 0.01, LTA-MPA 20 µM p < 0.01, VASP-PRI 
p < 0.01) (Fig. 2). However, platelet reactivity remained 
higher among patients with DM as compared to patients 
without DM at 30 min with all tests (VN-PRU p < 0.01, 
MPA 20 µM p < 0.01, VASP-PRI p = 0.02) and at 2 h with 
VN-PRU (p < 0.01) and LTA-MPA 20 µM (p < 0.01) but 
not with VASP-PRI (p = 0.19). Higher platelet reactivity 
was also observed among patients with DM as compared to 
patients without DM after 1 week of MD with either prasu-
grel or ticagrelor with VN-PRU (p = 0.01) and LTA-MPA 
20 µM p = 0.03), but not with VASP-PRI (p = 0.29) (Fig. 2). 
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When prasugrel and ticagrelor were considered individually, 
there was a trend towards increased platelet reactivity among 
patients with DM compared to those without DM at any 
time point (Fig. 3 and 4). There were no significant differ-
ences between prasugrel and ticagrelor both among patients 
with or without DM, except for lower MPA 20 at 30 min 
(p < 0.01) among non-DM patients treated with prasugrel 
(Fig. 5).

Rates of HPR at baseline while patients were on aspirin 
and clopidogrel varied according to the test used (VN-PRU 

34.5%, LTA-MPA 20  µM 31.8%, VASP-PRI 65.5%). 
Although HPR rates were numerically higher in patients 
with DM, this did not reach statistical significance (Fig. 6). 
HPR rates markedly reduced after switching from clopi-
dogrel to either prasugrel or ticagrelor at 30 min (VN-PRU 
19.0%, LTA-MPA 20 µM 15.5%, VASP-PRI 34.5%), 2 h 
(VN-PRU 4.5%, LTA-MPA 20 µM 2.7%, VASP-PRI 6.4%) 
and 1 week (VN-PRU 0.9%, :TA-MPA 20 µM 5.4%, VASP-
PRI 13.6%), with no differences between agents or according 
to DM status (Fig. 6).

Table 1  Baseline characteristics

Abbreviations: BMI body mass index, CAD coronary artery disease, TIA transient ischemic attack, PCI 
percutaneous coronary intervention, CABG coronary artery bypass graft, ACE angiotensin-converting 
enzyme, ARB angiotensin II receptor blockers

Baseline characteristics

Diabetes (n = 42) No diabetes (n = 68) P value

Treatment group 0.69
 Prasugrel 20 (47.6%) 35 (51.5%)
 Ticagrelor 22 (52.4%) 33 (48.5%)

Age 61.6 ÷ 7.2 56.9 ÷ 8.4  < 0.01
Male 23 (54.5%) 42 (61.8%) 0.52
BMI 34.7 ÷ 8.5 30.5 ÷ 5.2  < 0.01
Race 0.19
 Caucasian 23 (54.5%) 49 (72%)
 African-American 16 (38.1%) 16 (23.5%)
 Other 3 (7.1%) 3 (4.4%)

Height 68.3 ÷ 5.3 68.0 ÷ 4.0 0.90
Current or previous smoker 31 (73.8%) 50 (73.5%) 0.97
Hypertension 41 (97.6%) 59 (86.8%) 0.05
Dyslipidemia 41 (97.6%) 66 (97%) 0.86
Family history of CAD 23 (54.4%) 44 (67.7%) 0.21
Peripheral arterial disease 13 (30.9%) 6 (8.8%)  < 0.01
Previous stroke or TIA 0 1 (1.5%) 0.43
Prior myocardial infarction 27 (64.2%) 51 (75%) 0.22
Prior PCI 37 (88.1%) 64 (94.1%) 0.26
Prior CABG 12 (28.5%) 11 (16.1%) 0.12
Left main disease 5 (11.9%) 8 (11.8%) 0.91
Number of vessel diseased 2.0 ÷ 0.7 2.0 ÷ 0.8 0.84
Ejection fraction 55.8 ÷ 13.9 52.2 ÷ 13.6 0.26
Medications
 Aspirin 42 (100%) 68 (100%) –
 Beta-blockers 37 (88.1%) 61 (89.7%) 0.92
 ACE/ARB 33 (78.6%) 53 (77.9%) 0.57
 Nitrates 14 (33.3%) 29 (42.6%) 0.37
 Proton pump inhibitors 8 (19%) 13 (19.1%) 0.99
 Statin 40 (95.2%) 66 (97%) 0.62
 Calcium channel blockers 8 (19%) 10 (14.7%) 0.58

Creatinine 0.92 ÷ 0.24 0.87 ÷ 0.20 0.42
Platelet count 240 ÷ 66 244 ÷ 72 0.75
Haematocrit 40.3 ÷ 4.2 41.6 ÷ 3.4 0.07
Alanine aminotransferase 21.1 ÷ 8.0 25.9 ÷ 15.6 0.11
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Discussion

The results of the present analysis can be summarized as 
follows: (1) clopidogrel-mediated platelet  P2Y12 receptor 
blockade is impaired in patients with DM compared with 

non-DM patients; (2) switching from clopidogrel to either 
prasugrel or ticagrelor is associated with, marked reduc-
tion of platelet reactivity regardless DM status; (3) patients 
with DM still exhibit higher platelet reactivity than non-
DM following LD and during MD treatment of prasugrel 

Fig. 2  Platelet reactivity at baseline (clopidogrel) and after switching from clopidogrel to prasugrel or ticagrelor according to diabetes mellitus 
status. Abbreviations: DM diabetes mellitus, ADP adenosine diphosphate

Fig. 3  Platelet reactivity among patients with or without diabetes mellitus switched to prasugrel. Abbreviations: DM diabetes melli-
tus, ADP adenosine diphosphate

Fig. 4  Platelet reactivity among patients with or without diabetes mellitus switched to ticagrelor. Abbreviations: DM diabetes melli-
tus, ADP adenosine diphosphate
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and ticagrelor; (4) prasugrel and ticagrelor achieve compa-
rable  P2Y12 inhibitory effects, irrespective of DM status.

The prevalence of DM in patients with CAD reaches 
up to 50% and represents a strong independent predic-
tor of ischemic events, including mortality [1, 22]. The 
increased atherothrombotic risk of DM patients has been 
largely attributed to abnormalities in platelet function and 
increased platelet turnover rates resulting in increased plate-
let reactivity and impaired PD response to antiplatelet agents 
used for prevention of ischemic recurrences [2, 6]. Since 
PD studies have consistently shown reduced clopidogrel-
mediated platelet  P2Y12 receptor blockade [4, 5, 11, 12, 
23], several clinical studies have assessed whether the use 
of potent  P2Y12 inhibitors (prasugrel and ticagrelor) could 
improve clinical outcomes. Indeed, the benefit of both prasu-
grel and ticagrelor over clopidogrel in ACS was confirmed 
in patients with DM [24, 25]. The benefit of ticagrelor was 
also confirmed in DM patients with CCS, both with and 
without prior MI [19, 26]. There is limited data to the latter 

extent with prasugrel [27]. Nevertheless, the use of potent 
 P2Y12 inhibitors was associated with an increased risk of 
bleeding in the overall population, underscoring the impor-
tance of patient selection for the use of these agents [26, 28]. 
Clinical and PD data suggest that DM status may affect the 
comparative efficacy of ticagrelor and prasugrel [4, 17, 23]. 
In particular, a pre-specified analysis of the ISAR-REACT 
(Intracoronary Stenting and Antithrombotic Regimen: Rapid 
Early Action for Coronary Treatment) 5 trial found prasugrel 
and ticagrelor show similar efficacy in patients with DM, 
while prasugrel was superior to ticagrelor in patients without 
DM [17]. The results of the present analysis support that 
while DM status also affects the antiplatelet effects of potent 
 P2Y12 inhibitors, their PD profile is comparable in both DM 
and non-DM patients [4, 23]. However, the results of our 
PD investigation is too limited in sample size to explain 
the clinical findings in patients with and without DM in the 
ISAR-REACT 5 trial.

Switching  P2Y12 inhibitor is common in clinical prac-
tice [20, 21]. Data from large-scale clinical investigations 

Fig. 5  Prasugrel versus ticagrelor among patients with or without dia-
betes mellitus. There were no significant differences except for MPA 
20 at 30 min (p < 0.01) among non-diabetic patients. Abbreviations: 

DM diabetes mellitus, MPA  maximum platelet aggregation,  ADP 
adenosine diphosphate

Fig. 6  High platelet reactivity according to diabetes status and treat-
ment arms. There were no significant differences in the rate of HPR 
were observed at baseline or after switching to prasugrel and/or tica-
grelor between patients with or without diabetes. There were also no 

differences in the rate of HPR with prasugrel versus ticagrelor irre-
spective of diabetes status, DM diabetes mellitus, HPR high platelet 
reactivity, ADP adenosine diphosphate
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to guide the optimal approach towards switching  P2Y12 
inhibitors are limited, and most data are derived from PD 
studies [21]. The prospective, randomized, parallel design 
trial from which this sub-analysis was performed was one 
of the largest PD studies comparing prasugrel vs ticagre-
lor after switching from clopidogrel [14]. Nevertheless, the 
impact of DM on the PD effects of prasugrel and ticagrelor 
after switching from clopidogrel have not been previously 
investigated. A better understanding of the PD effects of 
switching from clopidogrel to either prasugrel or ticagrelor 
among specific settings characterized by high platelet reac-
tivity (e.g., ACS, elderly, chronic kidney disease, obesity, 
DM) may help optimize antithrombotic regimens in these 
challenging and common clinical scenarios [29]. This study 
provides new evidence in the field, showing that a trend 
towards increased platelet reactivity is present at all time 
points with the use of potent  P2Y12 inhibitors among DM 
as compared to non-DM patients. This occurs both after LD 
administration and during MD treatment and underscores 
the need for further optimization of antithrombotic therapy 
also in high-risk CCS patients. This may include the use 
of intravenous antiplatelet therapies at the time of PCI as 
well as the implementation of tools allowing for a guided 
selection of antiplatelet therapy when the thrombotic risk is 
high, and novel non-platelet mediated strategies to reduce 
long term ischemic risk (i.e. proprotein convertase subtili-
sin/kexin type 9 inhibitors, Sodium-Glucose Cotransporter-2 
inhibitors) [30–34].

Study limitations

Some limitations have to be considered in the present analy-
sis. This was a post-hoc subgroup analysis of a prospective 
study randomizing patients according to treatment group 
(prasugrel or ticagrelor) rather than to the presence of DM, 
potentially leading to some imbalances between number of 
patients and baseline characteristics between DM versus 
non-DM cohorts. Nevertheless, the cohort of DM patients in 
this study was highly represented, allowing a balanced com-
parison between DM and non-DM patients in both prasugrel 
and ticagrelor groups (20 vs 35 and 22 vs 33, respectively). 
Moreover, except for a slight but significant difference in 
average age (62 vs 58 years), the remaining differences in 
baseline characteristics between DM vs non-DM patients 
were found only for BMI and concomitant peripheral artery 
disease, all conditions that are known to be associated with 
DM status. Given the post-hoc nature of the study, the sam-
ple size, despite the largest evidence available, was not pow-
ered to assess PD findings according to DM status, lead-
ing to non-significant p values for some of the PD assays, 
although a directional trend was consistently shown. Never-
theless, this limitation was at least partially overcome using 
multiple PD assays allowing for a comprehensive assessment 

of  P2Y12 signalling. Ultimately, our study did not include 
pharmacokinetic assessments and the sample size did not 
allow for identifying predictors of HPR among DM vs non-
DM patients. This study was a post-hoc exploratory analysis 
not pre-specified at the time of study design and as such 
results should be considered as hypothesis-generating. How-
ever, the endpoints of this analysis had indeed been pre-
specified before inspecting the data for post hoc analysis. 
Finally, we did not adjust for multiple comparisons as this 
would have potentially masked meaningful functional differ-
ences between groups within the scope of this retrospective 
analysis. This approach is in line with previously published 
studies [4].

Conclusion

Patients with DM treated with clopidogrel have higher plate-
let reactivity compared to patients without DM. Despite 
switching from clopidogrel to either prasugrel or ticagrelor 
results in a marked reduction in platelet reactivity regard-
less of DM status, patients with DM continue to have higher 
platelet reactivity after both loading and maintenance doses 
of prasugrel or ticagrelor compared to patients without DM. 
However, there was no difference between prasugrel and 
ticagrelor at any time points, irrespective of DM status.
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