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Abstract The use of the antiplatelet agent aspirin (acetylsalicylic acid) was previously routinely
recommended for the primary prevention of cardiovascular (CV) events in patients
with diabetes, but recent large-scale randomized trials have failed to demonstrate a
sizeable net clinical benefit with a once-daily, low-dose (81–100mg) regimen in this
population. Previous pharmacokinetic and pharmacodynamic studies have suggested
that the aspirin formulation (enteric-coated) and dosing schedule (once daily) studied
in randomized trials for primary prevention of CV events defining contemporary clinical
practice may not leverage the full potential of the drug, particularly in patients with
diabetes. Indeed, the diabetic platelets bear characteristics that increase their throm-
botic potential and alter their pharmacologic response to the drug. Consequently, the
appropriateness of studying a uniform aspirin regimen in landmark primary prevention
trials needs to be revisited. In this review, we present the evidence showing that
diabetes not only increases baseline platelet reactivity, but also alters platelet response
to aspirin through different mechanisms including a faster platelet turnover rate.
Obesity, which is frequently associated with diabetes, also impacts its pharmacokinet-
ics via an increase in distribution volume. Small-scale pharmacokinetic and pharmaco-
dynamic studies have suggested that the relative aspirin resistance phenotype
observed in patients with diabetes may be reversed with a twice-daily dosing schedule,
and with nonenteric-coated aspirin formulations. Properly powered randomized con-
trolled trials investigating the efficacy and safety of aspirin dosing schedules and
formulations tailored to the population of patients with diabetes are urgently required
to optimize patient care.
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Introduction

Patients with diabetes present a disproportionally higher
risk of cardiovascular (CV) disease compared with nondia-
betic individuals with otherwise similar characteristics.1,2

For this reason, pharmacological and healthy lifestyle inter-
ventions beyond glycemic control are recommended to
improve CV outcomes in this high-risk population.3,4 The
use of the antiplatelet agent aspirin (acetylsalicylic acid) was
previously routinely recommended for the primary preven-
tion of CV events in patients with diabetes, but recent large-
scale randomized trials have failed to demonstrate a sizeable
net clinical benefit with a once-daily, low-dose (81–100mg)
regimen in this population.5–8 Given the lack of evidence in
favor of aspirin, international guidelines currently recom-
mend against its routine use in patients with diabetes
without established atherosclerotic CV disease (ASCVD),
and favor an individualized approach weighing both
expected protection against ischemic events and potential
bleeding risk conferred by the drug.1,3,4,7,9

Previous pharmacokinetic and pharmacodynamic studies
have suggested that the aspirin formulation (enteric-coated
[EC]) and dosing schedule (once daily) studied in random-
ized trials for primary prevention of CV events defining
contemporary clinical practice may not leverage the full
potential of the drug, particularly in patients with diabetes.
Indeed, the diabetic platelets bear characteristics that in-
crease their thrombotic potential and alter their pharmaco-
logic response to the drug.10–12 Consequently, the
appropriateness of studying a uniform aspirin regimen in
landmark primary prevention trials needs to be revis-
ited.5,13,14 In this review, the evidence underlying the clinical
use of aspirin in primary prevention of CV disease in patients
with diabetes will be summarized, the pharmacokinetic and
pharmacodynamic particularities of aspirin in this popula-
tionwill be examined, and the impact of EC formulations and
of body weight on clinical outcomes will be discussed.

Aspirin in Primary Prevention of
Cardiovascular Events in Patients with
Diabetes

Current clinical practice guidelines advocate against the
routine use of aspirin for the primary prevention of CV
disease.1,2,4,9,15 The 2019 American College of
Cardiology/American Heart Association guidelines on the
primary prevention of CV disease provide a low-grade
recommendation for consideration of low-dose aspirin for
patients 40 to 70 years old at high risk of ASCVD and at low
risk of bleeding (class IIb), but not among adults>70 years or
bearing a high bleeding risk (class III).4 Similarly, the 2019
European Society of Cardiology (ESC) guidelines on diabetes,
prediabetes, and CV diseases recommend against the use of
aspirin in primary prevention in general (class III), except in
patients with diabetes at high or very high CV risk, in which
aspirin may be considered in the absence of clear contra-
indications (class IIb).9,15 This recommendation was reiter-
ated in the more recent 2021 ESC guidelines on CV disease

prevention in clinical practice.16 The 2021 American Diabe-
tes Association guidelines also mention that aspirin may be
considered in primary prevention in patients who have
diabetes and who are at increased CV risk (level A).3

Four major randomized trials contributed to the evidence
underlying current clinical practice regarding the use of
aspirin in primary prevention in patients with diabetes,
summarized in ►Table 1. The Japanese Primary Prevention
of Atherosclerosis with Aspirin for Diabetes (JPAD) trial
studied the efficacy of low-dose aspirin (81–100mg daily)
to prevent CV events over a median follow-up of 4.4 years in
patients with type 2 diabetes without history of CV disease.6

Among the 2,539 participants, aspirin was not associated
with a significantly lower risk of events (hazard ratio [HR]:
0.80; 95% confidence interval [CI]: 0.58–1.10; p¼0.16).6 A
follow-up extension of the JPAD trial, in which 1,621 of the
original participants were followed for a median of 10.3
years, yielded consistent findings with a neutral effect of
low-dose aspirin and no difference in total bleeding events or
in hemorrhagic strokes.8 In the Prevention of Progression of
Arterial Disease and Diabetes (POPADAD) randomized trial,
1,276 patients with type 1 or type 2 diabetes and asymp-
tomatic peripheral arterial disease were randomized to
receive aspirin 100mg daily or placebo. Aspirin was not
associated with a significant reduction in the primary ische-
mic endpoint at 6.7 years (HR: 0.98; 95% CI: 0.76–1.26;
p¼0.86).17 More recently, the larger A Study of Cardiovas-
cular Events iN Diabetes (ASCEND) trial randomized 15,480
patients with diabetes (94.1% type 2), without CV disease, to
EC low-dose aspirin (100mg daily) or placebo, and followed
them for a mean of 7.4 years.5 Aspirin reduced the occur-
rence of a first serious vascular event (composite of nonfatal
myocardial infarction [MI], nonfatal stroke, transient ische-
mic attack (TIA), and death from any vascular cause) com-
pared with placebo (8.5 vs. 9.6%, respectively; HR: 0.88; 95%
CI: 0.79–0.97; p¼0.01). This 1.1% absolute reduction in
serious vascular events was counterbalanced by a significant
increase in the risk of major bleeding of a similar magnitude
(4.1 vs. 3.2%, respectively; relative risk [RR]: 1.29; 95% CI:
1.09–1.52; p¼0.003), of which most (41.3%) were from the
gastrointestinal (GI) system. Of note, TIA was added to the
original composite primary endpoint while recruitment was
ongoing to increase the statistical power of the trial. Aspirin
was not associated with a significant reduction in the rate of
the original primary endpoint excluding TIA (HR: 0.92; 95%
CI: 0.82–1.03).18 Finally, in the Polypill with or without
Aspirin in Persons without Cardiovascular Disease (TIPS3)
trial, in which 5,713 participants at high CV risk were
randomized to EC aspirin 75mg daily or placebo, aspirin
was not associated with a significant reduction of the
composite of CV death, MI, or stroke (HR: 0.86; 95% CI:
0.67–1.10) after a mean follow-up of 4.6 years, and this
finding was consistent in patients with diabetes (n¼2,095)
or without diabetes (n¼3,618) in a prespecified subgroup
analysis, although the study was not powered to detect a
significant difference in subgroups.19

In a recent meta-analysis of 12 randomized trials evalu-
ating the role of aspirin in primary prevention of ASCVD,
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Seidu et al pooled 34,227 participants with diabetes, and
showed that aspirin was associated with a significant reduc-
tion in the risk of major adverse CV event (RR: 0.89; 95% CI:
0.83–0.95), but not of all-cause or CV death, MI, stroke, and
coronary heart disease taken individually.20 These results
were consistent in a smaller meta-analysis of five trials
(n¼24,037 participants with diabetes) by Fortuni et al.21

Long-term dual antiplatelet therapy and the combination
of aspirinwith low-dose rivaroxaban (2.5mg twice daily) are
associatedwith a significant reduction of CVevents, but with
a significant increase in the risk of bleeding in secondary
prevention of ASCVD.22,23 Patients with diabetes in primary
prevention have a high risk of incident ASCVD, but whether
these strategies are associated with net clinical benefits in
this population remain speculative.

Aspirin Pharmacology and Response in
Patients with Diabetes

Overview of Aspirin Pharmacology
Aspirin induces irreversible acetylation of the cyclooxygen-
ase (COX)-1 enzyme, thus inhibiting thromboxane A2 (TxA2)
and prostacyclin (PGI2) biosynthesis from arachidonic acid
(AA), resulting in inhibition of platelet activation and aggre-
gation.24–28 Given the putative incapacity of anucleate pla-

telets to synthesize new, active COX-1 enzymes, aspirin’s
antiplatelet effect lasts for the entire platelets’ lifespan (7–10
days).24,26 Since aspirin’s half-life is short (20minutes),29

regular administration is required to inhibit newly released
platelets that progressively replace the pool of inactivated
ones. Low-dose aspirin has a higher selectivity for COX-1
than COX-2, and complete COX-1 inhibition can be achieved
with doses as low as 30mg.28 On the other hand, COX-1
selectivity is lost and COX-2 inhibition is enhanced at higher
doses of aspirin, promoting vasoconstriction and a paradox-
ical proaggregation state.28 The clinical impact of this shift in
COX selectivity based on dosing is currently unknown, but
the Aspirin Dosing: A Patient-Centric Trial Assessing Benefits
and Long-term (ADAPTABLE) trial has examined the efficacy
of aspirin 81mg versus 325mg in secondary prevention in
15,076 patients to answer this question.30,31 In ADAPTABLE,
there was no significant difference in the composite of death
from any cause, hospitalization for MI, or hospitalization for
stroke after a median follow-up of 26.2 months (HR: 1.02;
95% CI: 0.91–1.14).31However, 41.6% of those assigned to the
325mg dose switched dose during the course of the trial,
compared with 7.1% of those assigned to the 81mg dose,
whichmay have diluted a potential treatment effect with the
higher dose. In ADAPTABLE, the treatment effect was similar
in subgroups based on diabetes status (diabetes: HR: 0.99;

Table 1 Major randomized trials evaluating the role of aspirin in primary prevention of atherosclerotic cardiovascular disease in
patients with diabetes

JPAD6 (2008) POPADAD17

(2008)
ASCEND5

(2018)
TIPS-319

(2021)

Country Japan United Kingdom United Kingdom International

Participants Type 2 diabetes Type 1 or type 2 dia-
betes with asymptom-
atic PAD

Type 1 or type 2
diabetes

Elevated INTERHEART
Risk Score

Sample size 2,539 1,276 15,480 5,713 (2,095 with
diabetes)

Study interventions Low-dose aspirin
(81mg or 100mg dai-
ly) vs. no aspirin

Aspirin 100mg daily
vs. placebo

Enteric-coated aspirin
100mg daily vs.
placebo

Enteric-coated aspirin
75mg daily vs. placebo

Follow-up time Median: 4.37 years Median: 6.7 years Median: 7.4 years Mean: 4.6 years

Primary endpoint Nonfatal ischemic
heart disease, fatal or
nonfatal stroke, or pe-
ripheral
arterial disease
Aspirin: 13.6
per 1,000 person-years
No aspirin: 17.0 per
1,000 person-years
(HR: 0.80; 95% CI:
0.58–1.10; p¼ 0.16)

Death from coronary
heart disease or
stroke, nonfatal myo-
cardial infarction or
stroke, or above ankle
amputation for critical
limb ischemia
Aspirin: 18.2%
Placebo: 18.3%
(HR: 0.98; 95% CI:
0.76–1.26; p¼ 0.86)

Nonfatal myocardial
infarction, nonfatal
stroke or transient is-
chemic
attack, or death from
any vascular
cause
Aspirin: 8.5%
Placebo: 9.6%
(HR: 0.88; 95% CI:
0.79–0.97;
p¼ 0.01)

Death from cardiovas-
cular causes, myocar-
dial infarction,
or stroke
Aspirin: 4.1%
Placebo: 4.7%
(HR: 0.86; 95% CI:
0.67–1.10)
No heterogeneity of
treatment according
to diabetes status

Safety No significant differ-
ence in the composite
of severe GI bleeding
or hemorrhagic stroke
(p-value not available)

GI bleeding
Aspirin: 4.4%
Placebo: 4.9%
(OR: 0.90; 95% CI:
0.53–1.52; p¼ 0.69)

Major bleeding events
Aspirin: 4.1%;
Placebo: 3.2% (RR:
1.29; 95% CI: 1.09–
1.52; p¼0.003)

Similar number of
patients with major
bleeding (no p-value
provided)

Abbreviations: CI, confidence interval; HR, hazards ratio; OR, odds ratio; PAD, peripheral arterial disease; RR, relative risk.
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95% CI: 0.84–1.17; no diabetes: HR: 1.06; 95% CI: 0.89–1.25),
although interaction between treatment assignment and
diabetes was not formally reported.

When administered orally, plain aspirin is almost exclu-
sively absorbed in the stomach and in the upper small
intestine where the local lower pH promotes the diffusion
of the unionized and lipophilic form of the drug.24–28 Its
absorption is almost complete, with maximal plasma con-
centrations being observed approximately 2 hours after ad-
ministration. Many factors can influence the bioavailability
of the drug, such as the presence of food, higher gastric pH,
gastric emptying time, tablet disintegration and solubility,
particle size, and the pharmaceutical formulation used.27

The EC formulation of aspirin resists the disintegration in
the stomach and is mostly absorbed in the small intestine,
thus reducing the bioavailability down to 50%.24–27,32,33

Following absorption, aspirin is rapidly hydrolyzed to inac-
tive metabolites by esterases in numerous tissues (GI muco-
sa, plasma, liver, etc.). Therefore, platelet COX-1 inhibition
takes place mostly within the presystemic portal
circulation.24–26,28

The definition of aspirin resistance varies considerably in
the literature, describing alternatively pharmacological fail-
ure (inability to completely inhibit COX-1), biological failure
(inability to inhibit platelet activation and aggregation), or
clinical failure (inability to prevent atherothrombotic
events).24–26,34 Numerous assays can measure the antiplate-
let effect of aspirin; however, not all are specific to COX-1
activity.24–26,35 Therefore, the reported prevalence estimates
of aspirin resistance are not standardized, heterogeneous,
and variable depending on the type of assays, the agonists
used, and the selected study populations. Patients with
diabetes appear to express a suboptimal response to aspirin,
related to higher platelet reactivity, to a faster platelet
turnover rate, as well as to some extrinsic factors affecting
aspirin pharmacokinetics.24–26,36,37

High-dose aspirin (>1g) has established anti-inflamma-
tory effects, but mechanistic studies suggest that even low
doses can exert an anti-inflammatory action by facilitating
endothelial nitric oxide release through 15-epi-lipoxin A4

synthesis, platelet NOS acetylation increasing its activity, and
an overall inhibition of innate immune-mediated responses
to inflammatory stress.38,39 Atherosclerosis is an inflamma-
tory disorder and its clinicalmanifestations can be prevented
by anti-inflammatory therapy,40,41 but the extent to which
the anti-inflammatory component of the mechanism of
action of low-dose aspirin contributes to atherothrombotic
prevention is unknown. Daily doses of 325mg (vs. 81mg) are
not associated with better clinical outcomes among patients
with established ASCVD,31 and increasing the dose further
significantly increases GI bleeding risk rendering these doses
clinically not appropriate. It is interesting that there is some
controversy as to the anti-inflammatory nature of low-dose
aspirin. For example, in a randomized study including 40
healthy participants, aspirin increased the circulation of
inflammatory cytokines in experimentally induced systemic
inflammation with administration of Escherichia coli endo-
toxin, but how this observation translates in patients with

diabetes without systemic sterile inflammation remains
speculative.42 The inflammation balancing effect of low-
dose aspirin in diabetes thus merits further evaluation.

The Diabetic Platelet
Diabetes mellitus contributes to systemic inflammation,
endothelial dysfunction, oxidative stress, increased catechol-
amine levels, and consequently platelet hyperreactivity
through a TxA2-independent pathway implicating α2-adre-
noreceptors.26,43 In addition, COX-2 activation, normally
induced in inflammatory states, is favored in diabetes, there-
by increasing TxA2 production independently from COX-1
activity.25,26,36,43 Also, endothelial dysfunction induced by
diabetes downregulates nitric oxide (NO) synthesis, and the
diabetic platelet is desensitized to NO. As NO inhibits AA
liberation and TxA2 production, an impaired release may
thus contribute to upregulation of platelet activa-
tion.24,26,36,37,43 Dyslipidemia, often concomitantly ob-
served in patients with diabetes, also contributes to
endothelial dysfunction and perpetuates this phenome-
non.37 Oxidative stress induced by diabetes also causes lipid
peroxidation, leading to an increase in isoprostane produc-
tion that binds TxA2 receptors, thus modulating platelet
activation.24,26,36,43 Also, an upregulated expression of gly-
coproteins IIb/IIIa and P2Y12 adenosine diphosphate (ADP)
receptors has also been documented in diabetic patients,
resulting in hypersensitivity to other agonists (collagen and
ADP), independently of the COX-1 pathway targeted by
aspirin.24,26,37,44 Finally, hyperglycemia by itself increases
platelet reactivity.45

Altered Response to Aspirin in Patients with Diabetes
In addition to the impact of diabetes on increased platelet
reactivity, platelet response to aspirin is altered in poorly
controlled diabetes because hyperglycemia induces struc-
tural alterations of the COX-1 enzyme, thereby reducing its
aspirin-binding capacity36,43,46–48 (►Fig. 1). Chronic hyper-
glycemia also leads to albumin glycation, resulting in a 50%
higher fraction of unbound aspirin in patients with diabetes
compared with nondiabetic individuals.10,11,36,43,46

Platelet function recovery after exposure to aspirin may
be more rapid in patients with diabetes, a phenomenon that
is at least partly due to an increased platelet turnover rate,
and to a faster incorporation of new functional platelets in
the circulation once aspirin has been eliminated
(►Fig. 2).49–51 Nonsustained aspirin response in the diabet-
ic population may also be related to de novo synthesis of
COX-1 by platelet messenger RNA in certain individua-
ls.52,53 Consequently, chronopharmacology of aspirin may
matter in patients with diabetes, with more frequent ad-
ministration potentially leading to more sustained platelet
inhibition than an equivalent dose administered once daily.
Of note, platelet aggregation follows a circadian rhythm,
with peaks observed in the morning after patients arise and
until noon, which may explain the increased frequency of
MI in the morning.54,55 As such, the advantage of twice-
daily dosing might also be associated to the timing of
aspirin administration.
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In a randomized, double-blind, crossover study evaluating
the optimal dose of aspirin for secondary prevention,
DiChiara et al evaluated the impact of various doses in
both diabetic and nondiabetic individuals with established
CV disease.56 A total of 120 patients (30 with diabetes) were
administered various doses of aspirin (81, 162, and 325mg
daily). Inadequate platelet inhibition with aspirin 81mg was
more frequent in diabetics compared with nondiabetics.
Platelet resistance, measured with collagen-induced light
transmission aggregometry (LTA), was significantly higher
in diabetic patients treated with 81mg daily versus 162mg
daily and 325mg daily.56 Similarly, Rosiak et al observed in a
studyof 254 patientswith type 2 diabetes treated chronically
with low-dose (75mg once daily) aspirin that 35.4% of
participants had high platelet reactivity despite therapy.
Among them, doubling the dose of aspirin to 150mg once
dailywas associatedwith a significant collagen/epinephrine-
induced closure time prolongation, and reduction in serum
TxB2 levels.57

In a three-way crossover randomized controlled trial
comparing the impact of aspirin 100mg once daily, 100mg
twice daily, and 200mg once daily in 24 patients with type 2

diabetes, Bethel et al found a statistically significant reduc-
tion in platelet function measured with VerifyNow with the
100mg twice-daily regimen as compared with the 100mg
once-daily regimen, but not comparedwith the 200mgonce-
daily dose.58 The aspirin 200mg once-daily regimen did not
significantly improve platelet inhibition compared with
100mg once daily, suggesting that time between doses
may matter more than total daily dose, lending credence
to the importance of chronopharmacology. However, there
was no difference between the three doses when using the
LTA test with AA. These findings were validated by another
study by Capodanno et al, where 20 patients with diabetes
and stable coronary artery diseasewere assigned to different
aspirin regimens: 81mg once daily, 81mg twice daily,
162mg once daily, 162mg twice daily, and 325mg once
daily. Using collagen-induced aggregation and the Verify-
Now assay, the authors found that increasing the dose of a
once-daily regimen had no impact on platelet reactivity
whereas adding an extra daily dose (i.e., twice-daily admin-
istration) was associated with a significant reduction in
platelet reactivity.12 Similarly, Rocca et al recruited 100
patients with diabetes and 73 patients without diabetes on

Fig. 1 The diabetic platelet presents several differences as opposed to the healthy platelet. Dotted arrows and text in the figure designate altered
characteristics within the diabetic and endothelial cell. Hyperglycemia induces structural alterations to COX-1, limiting aspirin’s capacity to bind
it and reducing its efficiency. Furthermore, an increase in COX-2 concentrations is observed in diabetes, allowing for TXA2 production
independently of COX-1. TXA2 will then in turn activate the surrounding platelets through its prostanoid receptor (TP). Furthermore, the
endothelial inflammation observed in diabetes causes an increase in free radical release which in turn increases the release of isoprostanes that
also activate the TP receptor. The increase in free radicals can also increase platelet activation through the α2-adrenoreceptor. Other differences
observed in diabetes include an increased platelet turnover rate, an increase in COX-1 mRNA, and an increase in the expression of GPIIb/IIIa and
ADP P2Y12 receptors, as well as a decrease in endothelial NO production resulting in an increase in the release of Ca2þ increasing TXA2 release.
(Created with BioRender.com.)
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chronic aspirin therapy. Among their cohort, 33 diabetic
patients and 18 nondiabetic patients expressed a rapid
COX-1 recovery phenotype, as measured by serum TxB2

levels. This subgroup was then randomized to aspirin
100mg once daily, 200mg once daily, or 100mg twice daily,
for 28 days. The investigators found that a twice-daily regi-
men completely reversed the abnormal COX-1 recovery
kinetic, whereas the 200mg daily regimen only partially
improved it.59 In a randomized crossover study of 25 partic-
ipants with diabetes comparing aspirin 75mg once daily,
75mg twice daily, and 320mg once daily, Spectre et al also
found that platelet response assessed by AA-induced imped-
ance aggregometry was significantly lower with a twice-
daily regimen as compared with once-daily standard dosing
(75mg) or increased dosing (320mg) administered once
daily.60 Finally, in a small study (n¼20) of acute coronary
syndrome (ACS) patients treated with ticagrelor, among
which three had diabetes, aspirin 20mg twice daily was
associated with similar predosing TxB2 levels and AA-in-
duced platelet aggregation after 14 days of treatment61

Compared with 75 mg once daily.
In brief, these studies all have relatively small sample

sizes, but they are consistent in suggesting that patientswith
diabetes may experience incomplete and nonsustained
platelet inhibitionwith the once-daily administration sched-
ule, a phenomenon that may be completely reversed by
twice-daily administration. Nevertheless, the benefits of a
twice-daily aspirin regimen on the long-term CV event rate
in patients with diabetes remain to be determined in a

properly powered randomized controlled trial. The ongoing
Aspirin Twice a Day in Patients With Diabetes and Acute
Coronary Syndrome (ANDAMAN) randomized trial will shed
light on this question (NCT02520921).62 It is currently
evaluating the impact of administering EC aspirin 100mg
twice daily versus once daily on ischemic endpoints in 2,574
patients with diabetes, obesity, large waist circumference, or
who had a coronary event while on aspirin, andwho present
for an ACS. In addition, based on preliminary data suggesting
that the circadian rhythm impacts the efficacy of aspirin, the
ongoing Chronotherapy With Low-dose Aspirin for Primary
Prevention (CARING) randomized trial (NCT00725127) com-
pares bedtime versus morning administration of 100mg of
daily aspirin in 3,200 participants with diabetes or impaired
fasting glucose.63 The primary endpoint is a composite of CV,
cerebrovascular and renal fatal and nonfatal events.

Modifying Effect of Body Weight on Aspirin
Pharmacodynamics
Obesity is frequently associated with diabetes, whether
contributing as a cause of the disease, or secondary to oral
antihyperglycemic agents/insulin, psychological factors, or
physical factors.64 Since aspirin is a hydrophobic drug,
obesity alters its pharmacokinetics via an increase in distri-
bution volume, but the impact of this phenomenon on
platelet inhibition is limited given that the antiplatelet effect
of aspirin occurs before acetylsalicylic acid is detectable in
the peripheral blood, owing to the exposure of platelets to
aspirin in the portal circulation where platelets are exposed

Fig. 2 Proposed conceptual model underlying faster platelet function recovery in patients with diabetes. Platelet function recovery after
exposure to aspirin may be more rapid in patients with diabetes, a phenomenon that is at least partly due to an increased platelet turnover rate,
and to a faster incorporation of new functional platelets in the circulation once aspirin has been eliminated. Nonsustained aspirin response in the
diabetic population may also be related to de novo synthesis of COX-1 by platelet mRNA in certain individuals. (Created with BioRender.com.)
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to a higher drug level.65,66 In a meta-analysis examining the
impact of body weight and of body mass index (BMI) on
aspirin efficacy in the reduction of CV outcomes, low-dose
aspirin (total daily dose � 100mg) was associated with a
significant reduction in CV events in patients weighing
<70kg (HR: 0.77; 95% CI: 0.68–0.87; p<0.0001), but not
in individuals weighing �70kg.67 The beneficial effect of
low-dose aspirin decreased as weight increased, whereas a
bodyweight�90 kg appeared to be protective against bleed-
ing while on therapy.67 While these results suggest the
presence of an interaction between body weight and aspirin,
the interpretation of these data is limited since none of the
nine studies included in themeta-analysis directly evaluated
the interplay betweenweight and aspirin dosing. A subgroup
analysis of the ASCEND trial identified a significant interac-
tion between weight and the clinical impact of low-dose
aspirin (100mg daily), although in the opposite direction
than the meta-analysis.5 Indeed, low-dose aspirin was asso-
ciated with a lower risk of CV events only in patients with a
BMI �30kg/m2 or weighing �70 kg (p for interaction: 0.01
and 0.02, respectively). Based on the limited evidence avail-
able, a recent expert consensus statement recommends
considering administering aspirin on a twice-daily basis in
morbidly obese patients (BMI�40kg/m2) to address relative
aspirin resistance in this subpopulation.68 The large random-
ized trials evaluating aspirin in primary prevention of CV
outcomes did not adjust dosing according to participant’s
body weight, and doing so is currently generally not advised
until weight-based dose-tailoring strategies are studied in
CV outcomes trials.

Impact of Enteric-Coated Formulations

EC aspirin is the most commonly used formulation of the
drug studied in large-scale primary prevention trials.5,13,14

In the ASCEND randomized trial, which currently drives
clinical practice for the use of aspirin in primary prevention
in patients with diabetes, all participants randomized to
aspirin received an EC formulation.5 Absorption of the EC
formulation is however erratic because of inconsistent dis-
integration of the coating in the stomach, leading to hetero-
geneous drug exposure to esterases in the small intestine and
fluctuating bioavailability between doses, a phenomenon
that is amplified by disorganized gastric emptying observed
in diabetes-associated gastroparesis.24–27 In a randomized
crossover study evaluating the impact of five formulations of
aspirin on platelet reactivity in 71 healthy volunteers, in-
complete platelet inhibition, defined as <99% inhibition of
serum TXB2 formation, was significantly higher in the EC
group (54.3%) than in the dispersible aspirin group (8.0%).33

Grimaldi et al also compared the prevalence of poor
response to aspirin between three different formulations
in 163 patients with diabetes.69 Patients expressing an
aspirin resistance phenotype with EC aspirin 100mg daily
(n¼30), defined as either collagen/epinephrine-induced
closure time<160 seconds with the PFA-100 assay or aspirin
reaction units >550 with the VerifyNow assay, were
switched to an infusion treatment of 288mg of lysine

acetylsalicylate (equivalent to 160mg of oral aspirin). Only
three patients (10%) demonstrated refractory platelet activi-
ty with that later formulation, indicating that initial aspirin
resistancewas, in part, mediated by the suboptimal bioavail-
ability of the EC formulation. To confirm this hypothesis, the
27 patients whose resistance was reversed after the infusion
dose were then switched to a 30-day treatment of 288mg of
oral soluble salt of lysine acetylsalicylate (non-EC formula-
tion), and were retested after 1 month, and only two partic-
ipants (7.4%) presented persistent aspirin resistance.

In a randomized crossover study, Bhatt et al evaluated the
impact of aspirin formulation on platelet function and its
pharmacokinetic parameters in 40 obese patients with type
2 diabetes.32 Patients were exposed to three different for-
mulations of 325mg of aspirin for 3 consecutive days each:
immediate-release aspirin, PL2200 aspirin (modified-release
lipid-based), and EC aspirin. The area under the curve and the
maximum plasma concentration (Cmax) were 4.3- and 2.6-
fold higher with plain aspirin and PL2200 than with EC
aspirin, respectively. EC aspirin also had a higher incidence
of nonresponsiveness (52.8%) compared with plain aspirin
(15.8%), defined as <99% inhibition of TxB2 formation or a
TxB2 minimum concentration (Cmin) of >3.1 ng/mL. Peace
et al further assessed the relationship betweenweight and EC
formulation on aspirin response in 236 patients (148 on EC
aspirin, and 88 on dispersible aspirin) for secondary preven-
tion of CV disease. Upon recruitment, platelet function was
tested and 44 participants (19%) were found to express
aspirin resistance. After direct supervision of aspirin intake,
the resistance rate dropped to 4.2% (10 patients). All 10
participants were significantly heavier (mean body weight
105 kg vs. 80 kg for the whole cohort), and all were taking EC
aspirin. After switching these participants to 75mg of dis-
persible aspirin, only three remained resistant (mean body
weight of these participants was 120 kg). Finally, all three
patients were given 150mg of dispersible aspirin and none
were found to be resistant. The authors highlighted that
heavier patients appeared to be at increased risk of EC-
aspirin resistance and that overall, high dose of aspirin
may need to be used in patients weighing >120 kg.70

The abovementioned studies indicate that EC formula-
tions of aspirin have an unfavorable bioavailability profile
and are associated with a significant increase in treatment
failure compared with plain aspirin. While these findings
raise some concerns on the appropriateness of using EC-
coated aspirin formulations in patients with or without
diabetes, the small sample and the nonrandomized design
of some of these studies call for larger, properly powered
randomized trials to evaluate the impact of EC formulation
on CV outcomes compared with plain aspirin.

Is There True Gastroprotective Benefit with Enteric
Coating?
A common side effect of chronic aspirin therapy is GI toxicity,
occurring in up to 15% of patients taking low-dose aspirin
and ranging from simple dyspepsia to GI bleeding.71 COX
inhibition indirectly promotes a decrease in prostaglandin
synthesis, subsequently lowering local gastric mucus
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production, bicarbonate secretion, and mucosal cell prolifer-
ation. The gastric mucosa is thus exposed to the acidic
content of the stomach, causing damages ranging from local
irritation to the formation of a peptic ulcer. To a lesser extent,
direct injury is caused by local cellular absorption of aspirin,
which then dissociates into its ionized form intracellularly,
leading to trapping of hydrogen ions.72 In the aim of mini-
mizing the latter mechanism of GI toxicity, EC formulations
were designed, with a coating that can resist disintegration
in the stomach and thus prevent local irritation of the
stomach mucosa.73 Contrary to widespread belief, however,
quality evidence to confirm that the use of EC aspirin is
effective in preventing GI side effects is lacking.

Kelly et al evaluated the RRofGI bleeding in a case–control
study of three formulations: plain, EC, and buffered aspirin. A
total of 550 patients who suffered from a GI bleeding were
identified andmatched to 1,202 controls.74 TheRRs of gastric
and duodenal bleeding were similar across the types of
formulations.74 In another case–control study of 2,105
patients who suffered GI bleeding and 11,500 matched
controls, De Abajo and García Rodríguez found that there
were no significant differences in RRs between EC and plain
aspirin.75

In a review of the efficacy of EC aspirin to prevent GI
complications, Walker et al identified five randomized con-
trolled trials of healthy volunteers who were randomized to
either plain aspirin or EC aspirinwith subsequent endoscopic
control to detect potential mucosal irritation.76 Most trials
showed significantly less gastric irritation with EC aspirin.
However, the authors highlighted that these trials enrolled a
very small number of healthy individuals, were using high
doses of aspirin, and that endoscopic control was performed
only after a short course of aspirin use. Therefore, these
results cannot be extrapolated to long-term, low-dose aspi-
rin use in an older population taking chronic aspirin for CV
prevention, and no data on actual clinical outcomes were
provided.76 Finally, in a systematic review evaluating serious
upper GI complications with aspirin, García Rodríguez et al
identified four studies examining different aspirin formula-
tions. They found that the pooled RR of GI events for EC
aspirin (compared with no aspirin) was 2.4 (95% CI: 1.9–2.9)
compared with 2.6 (95% CI: 2.3–2.9) for plain formulation.77

Alternative Aspirin Formulations
A pharmaceutical lipid-aspirin (PL-ASA) complex liquid for-
mulation has recently been developed to minimize drug-
related gastric toxicity by protecting the integrity of the
epithelial mucosa.78 In a randomized study of 204 healthy
volunteers, immediate release aspirin was associated with a
significantly higher rate of upper GI erosions and/or ulcers
compared with the new PL-ASA formulation at a dose of
325mg daily for 7 days (42.2 vs. 22.2%; p¼0.0027).79 The
bioequivalence of the PL-ASA formulation compared with
the immediate-release aspirin formulation 24hours after
one oral dose was demonstrated in a crossover randomized
trial including 32 healthy volunteers.80 In this trial, all
participants were responders to both aspirin formulations.
In a crossover trial including 40 obese patients with diabetes

treated with aspirin 325mg for 3 days, the PL-ASA formula-
tion was shown to be associated with a 8.1% nonresponse
rate, which was similar to plain aspirin (15.8%; p¼0.30), but
lower to EC aspirin (52.8%; p<0.001).32 PL-ASA may thus
retain the bioavailability of plain aspirin, while minimizing
the risk of GI toxicity.

In addition, a Food and Drug Administration-approved
extended-release aspirin formulation (Durlaza, New Haven
Pharmaceuticals, North Haven, Connecticut, United States)
leveragingmicrocapsule technology has also been developed
to address the diurnal variability in platelet inhibition ob-
served with standard one-daily administration, particularly
in patientswith diabetes and high platelet turnover rates. In a
single-arm study including 40 patients with diabetes, plate-
let inhibition was consistent during the whole 24-hour
period after administration.81 Larger studies are required
to determine the safety and efficacy of these new formula-
tions on clinical outcomes in patients with diabetes in
primary prevention of ASCVD.

Conclusion

Aspirin is the cornerstone of antithrombotic secondary pre-
vention of CV diseases, but its role in primary prevention
remains uncertain, especially in patients with diabetes.
While the contemporary evidence suggests a small magni-
tude of reduction in CV events with aspirin in this popula-
tion, a similar increase in the risk of bleeding has been
documented.5 Patients with diabetes express platelet hyper-
reactivity, a higher platelet turnover rate, and pharmacoki-
netic changes leading to pharmacological resistance to
aspirin. Small-scale pharmacokinetic and pharmacodynamic
studies have suggested that the relative aspirin resistance
phenotype observed in patients with diabetes may be re-
versed with a twice-daily dosing schedule, and with non-EC
aspirin formulations. Properly powered randomized con-
trolled trials investigating the efficacy and safety of aspirin
dosing schedules and formulations tailored to the population
of patients with diabetes are urgently required to optimize
patient care.

Conflict of Interest
M.L. has received speaker honoraria from Bayer; has
received research grants to the institution from Idorsia;
has served on a national advisory board for Servier; and
has received in-kind and financial support for investiga-
tor-initiated grants from Leo Pharma, Roche Diagnostics,
Aggredyne, and Fujimori Kogyo. G.M-.G. has received
speaker honoraria from the Canadian Heart Research
Center, the Population Health Research Institute, JAMP
Pharma, and Novartis; has served on a national advisory
board for Servier, JAMP, and Bayer; and has received
research grants from Bayer, the Montreal Heart Institute
Foundation, the Canadian Institute of Health Research,
Université de Montréal, and the Duke Clinical Research
Institute. J-.C.T. has received grant support from Amarin,
AstraZeneca, Ceapro, DalCor Pharmaceuticals, Esperion,
Ionis, Novartis, Pfizer, RegenXBio, and Sanofi; honoraria

Thrombosis and Haemostasis Vol. 122 No. 9/2022 © 2022. Thieme. All rights reserved.

Invited Mini Series: Novel Clinical Concepts in Thrombosis1450

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



from AstraZeneca, DalCor Pharmaceuticals, HLS Pharma-
ceuticals, Pendopharm, and Sanofi; minor equity interest
in DalCor Pharmaceuticals; and patents were submitted
on pharmacogenomics-guided CETP inhibition and use of
colchicine after myocardial infarction in which he is
mentioned as an author. There are no other conflicts of
interest to disclose.

References
1 Stone JA, Houlden RL, Lin P, Udell JA, Verma SDiabetes Canada

Clinical Practice Guidelines Expert Committee. Cardiovascular
protection in people with diabetes. Can J Diabetes 2018;42
(Suppl 1):S162–S169

2 Bell AD, Roussin A, Cartier R, et al; Canadian Cardiovascular
Society. The use of antiplatelet therapy in the outpatient setting:
Canadian Cardiovascular Society guidelines. Can J Cardiol 2011;27
(3, Suppl A):S1–S59

3 American Diabetes Association. 10. Cardiovascular disease and
risk management: Standards of Medical Care in Diabetes-2021.
Diabetes Care 2021;44(Suppl 1):S125–S150

4 Arnett DK, Blumenthal RS, AlbertMA, Buroker AB, Goldberger ZD,
Hahn EJ, et al. 2019 ACC/AHA guideline on the primary prevention
of cardiovascular disease: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Circulation 2019;140(Suppl 11):e596–e646

5 Bowman L, Mafham M, Wallendszus K, et al; ASCEND Study
Collaborative Group. Effects of aspirin for primary prevention
in persons with diabetes mellitus. N Engl J Med 2018;379(16):
1529–1539

6 Ogawa H, Nakayama M, Morimoto T, et al; Japanese Primary
Prevention of Atherosclerosis With Aspirin for Diabetes (JPAD)
Trial Investigators. Low-dose aspirin for primary prevention of
atherosclerotic events in patients with type 2 diabetes: a ran-
domized controlled trial. JAMA 2008;300(18):2134–2141

7 Marquis-Gravel G, Roe MT, Harrington RA, Muñoz D, Hernandez
AF, Jones WS. Revisiting the role of aspirin for the primary
prevention of cardiovascular disease. Circulation 2019;140(13):
1115–1124

8 Saito Y, Okada S, OgawaH, et al; JPAD Trial Investigators. Low-dose
aspirin for primary prevention of cardiovascular events in
patients with type 2 diabetes mellitus: 10-year follow-up of a
randomized controlled trial. Circulation 2017;135(07):659–670

9 Piepoli MF, Hoes AW, Agewall S, et al; ESC Scientific Document
Group. 2016 European guidelines on cardiovascular disease pre-
vention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardio-
vascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 societies and by invited experts) developed
with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J
2016;37(29):2315–2381

10 Dostalek M, Akhlaghi F, Puzanovova M. Effect of diabetes mellitus
on pharmacokinetic and pharmacodynamic properties of drugs.
Clin Pharmacokinet 2012;51(08):481–499

11 Elbarbry F. Influence of diabetes mellitus on pharmacokinetics of
drugs. MOJ Bioequiv Bioavailab 2016;2(01):3–4

12 Capodanno D, Patel A, Dharmashankar K, et al. Pharmacodynamic
effects of different aspirin dosing regimens in type 2 diabetes
mellitus patients with coronary artery disease. Circ Cardiovasc
Interv 2011;4(02):180–187

13 Gaziano JM, Brotons C, Coppolecchia R, et al; ARRIVE Executive
Committee. Use of aspirin to reduce risk of initial vascular events
in patients at moderate risk of cardiovascular disease (ARRIVE): a
randomised, double-blind, placebo-controlled trial. Lancet 2018;
392(10152):1036–1046

14 McNeil JJ, Woods RL, NelsonMR, et al; ASPREE Investigator Group.
Effect of aspirin on disability-free survival in thehealthyelderly. N
Engl J Med 2018;379(16):1499–1508

15 Cosentino F, Grant PJ, Aboyans V, et al; ESC Scientific Document
Group. 2019 ESC guidelines on diabetes, pre-diabetes, and car-
diovascular diseases developed in collaboration with the EASD.
Eur Heart J 2020;41(02):255–323

16 Visseren FLJ, Mach F, Smulders YM, et al; ESC National Cardiac
Societies ESC Scientific Document Group. 2021 ESC guidelines on
cardiovascular disease prevention in clinical practice. Eur Heart J
2021;42(34):3227–3337

17 Belch J, MacCuish A, Campbell I, et al; Prevention of Progression of
Arterial Disease and Diabetes Study Group Diabetes Registry
Group Royal College of Physicians Edinburgh. The prevention of
progression of arterial disease and diabetes (POPADAD) trial:
factorial randomised placebo controlled trial of aspirin and anti-
oxidants in patients with diabetes and asymptomatic peripheral
arterial disease. BMJ 2008;337:a1840

18 Wang A, Li Z, Rymer JA, et al. Relation of postdischarge care
fragmentation and outcomes in transcatheter aortic valve im-
plantation from the STS/ACC TVT registry. Am J Cardiol 2019;124
(06):912–919

19 Yusuf S, Joseph P, Dans A, et al; International Polycap Study 3
Investigators. Polypill with or without aspirin in persons without
cardiovascular disease. N Engl J Med 2021;384(03):216–228

20 Seidu S, Kunutsor SK, Sesso HD, et al. Aspirin has potential
benefits for primary prevention of cardiovascular outcomes in
diabetes: updated literature-based and individual participant
data meta-analyses of randomized controlled trials. Cardiovasc
Diabetol 2019;18(01):70

21 Fortuni F, Crimi G, Gritti V, Mirizzi AM, Leonardi S, Ferrari GM.
Primum non nocere: An updated meta-analysis on aspirin use in
primary prevention of cardiovascular disease in patients with
diabetes. Eur J Prev Cardiol 2019;26(15):1677–1679

22 Eikelboom JW, Connolly SJ, Bosch J, et al; COMPASS Investigators.
Rivaroxaban with or without aspirin in stable cardiovascular
disease. N Engl J Med 2017;377(14):1319–1330

23 Mauri L, Kereiakes DJ, Yeh RW, et al; DAPT Study Investigators.
Twelve or 30 months of dual antiplatelet therapy after drug-
eluting stents. N Engl J Med 2014;371(23):2155–2166

24 Capodanno D, Angiolillo DJ. Aspirin for primary cardiovascular
risk prevention and beyond in diabetes mellitus. Circulation
2016;134(20):1579–1594

25 Floyd CN, Ferro A. Mechanisms of aspirin resistance. Pharmacol
Ther 2014;141(01):69–78

26 Lordkipanidzé M, Pharand C, Palisaitis DA, Diodati JG. Aspirin
resistance: truth or dare. Pharmacol Ther 2006;112(03):733–743

27 Bayer. Aspirin Product Monograph. 2005
28 Patrono C, García Rodríguez LA, Landolfi R, Baigent C. Low-dose

aspirin for the prevention of atherothrombosis. N Engl J Med
2005;353(22):2373–2383

29 Bayer Inc. Product Monograph. Aspirin 2004
30 Marquis-Gravel G, Roe MT, Robertson HR, et al. Rationale and

design of the Aspirin Dosing-A Patient-Centric Trial Assessing
Benefits and Long-term Effectiveness (ADAPTABLE) Trial. JAMA
Cardiol 2020;5(05):598–607

31 Jones WS, Mulder H, Wruck LM, et al; ADAPTABLE Team. Com-
parative effectiveness of aspirin dosing in cardiovascular disease.
N Engl J Med 2021;384(21):1981–1990

32 Bhatt DL, Grosser T, Dong JF, et al. Enteric coating and aspirin
nonresponsiveness in patients with type 2 diabetesmellitus. J Am
Coll Cardiol 2017;69(06):603–612

33 Cox D, Maree AO, Dooley M, Conroy R, Byrne MF, Fitzgerald DJ.
Effect of enteric coating on antiplatelet activity of low-dose
aspirin in healthy volunteers. Stroke 2006;37(08):2153–2158

34 Grosser T, Fries S, Lawson JA, Kapoor SC, Grant GR, FitzGerald GA.
Drug resistance and pseudoresistance: an unintended

Thrombosis and Haemostasis Vol. 122 No. 9/2022 © 2022. Thieme. All rights reserved.

Invited Mini Series: Novel Clinical Concepts in Thrombosis 1451

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



consequence of enteric coating aspirin. Circulation 2013;127(03):
377–385

35 Lordkipanidzé M, Pharand C, Schampaert E, Turgeon J, Palisaitis
DA, Diodati JG. A comparison of sixmajor platelet function tests to
determine the prevalence of aspirin resistance in patients with
stable coronary artery disease. Eur Heart J 2007;28(14):
1702–1708

36 Santilli F, Pignatelli P, Violi F, Davì G Aspirin for primary preven-
tion in diabetes mellitus: from the calculation of cardiovascular
risk and risk/benefit profile to personalised treatment. Thromb
Haemost 2017;28(14):1702–1708

37 Ferreiro JL, Angiolillo DJ. Diabetes and antiplatelet therapy in
acute coronary syndrome. Circulation 2011;123(07):798–813

38 Morris T, Stables M, Hobbs A, et al. Effects of low-dose aspirin on
acute inflammatory responses in humans. J Immunol 2009;183
(03):2089–2096

39 O’Kane P, Xie L, Liu Z, et al. Aspirin acetylates nitric oxide synthase
type 3 in platelets thereby increasing its activity. Cardiovasc Res
2009;83(01):123–130

40 Ridker PM, Everett BM, Thuren T, et al; CANTOS Trial Group.
Antiinflammatory therapy with canakinumab for atherosclerotic
disease. N Engl J Med 2017;377(12):1119–1131

41 Tardif J-C, Kouz S,Waters DD, et al. Efficacy and safety of low-dose
colchicine after myocardial infarction. N Engl J Med 2019;381
(26):2497–2505

42 KiersD, vanderHeijdenWA, van Ede L, et al. A randomised trial on
the effect of anti-platelet therapy on the systemic inflammatory
response in human endotoxaemia. Thromb Haemost 2017;117
(09):1798–1807

43 Lordkipanidze M, Shousha S, Pharand C, Diodati JG, Palisaitis DA.
Platelet response to aspirin: leading the way towards individual-
ized therapy. Curr Top Pharmacol 2012;16(01):45–51

44 Hu L, Chang L, Zhang Y, et al. Platelets express activated P2Y12

receptor in patients with diabetes mellitus. Circulation 2017;136
(09):817–833

45 Vaidyula VR, Boden G, Rao AK. Platelet and monocyte activation
by hyperglycemia and hyperinsulinemia in healthy subjects.
Platelets 2006;17(08):577–585

46 Li L, Qu C, Wu X, et al. Patterns and levels of platelet glycosylation
in patients with coronary heart disease and type 2 diabetes
mellitus. J Thromb Thrombolysis 2018;45(01):56–65

47 Finamore F, Reny J-L, Malacarne S, Fontana P, Sanchez J-C. A high
glucose level is associated with decreased aspirin-mediated acet-
ylation of platelet cyclooxygenase (COX)-1 at serine 529: a pilot
study. J Proteomics 2019;192:258–266

48 Finamore F, Priego-Capote F, Nolli S, Zufferey A, Fontana P,
Sanchez J-C. Characterisation of the influences of aspirin-acety-
lation and glycation on human plasma proteins. J Proteomics
2015;114:125–135

49 Evangelista V, de Berardis G, Totani L, et al. Persistent platelet
activation in patients with type 2 diabetes treatedwith low doses
of aspirin. J Thromb Haemost 2007;5(11):2197–2203

50 Pulcinelli FM, Biasucci LM, Riondino S, et al. COX-1 sensitivity and
thromboxane A2 production in type 1 and type 2 diabetic patients
under chronic aspirin treatment. Eur Heart J 2009;30(10):1279–1286

51 Watala C, Boncler M, Gresner P. Blood platelet abnormalities and
pharmacological modulation of platelet reactivity in patients
with diabetes mellitus. Pharmacol Rep 2005;57(Suppl):42–58

52 Landry P, Plante I, Ouellet DL, Perron MP, Rousseau G, Provost P.
Existence of a microRNA pathway in anucleate platelets. Nat
Struct Mol Biol 2009;16(09):961–966

53 Evangelista V, Manarini S, Di Santo A, et al. De novo synthesis of
cyclooxygenase-1 counteracts the suppression of platelet throm-
boxane biosynthesis by aspirin. Circ Res 2006;98(05):593–595

54 Tofler GH, Brezinski D, Schafer AI, et al. Concurrent morning
increase in platelet aggregability and the risk of myocardial
infarction and sudden cardiac death. N Engl J Med 1987;316
(24):1514–1518

55 CohenMC, Rohtla KM, Lavery CE, Muller JE, MittlemanMA. Meta-
analysis of the morning excess of acute myocardial infarction and
sudden cardiac death. Am J Cardiol 1997;79(11):1512–1516

56 DiChiara J, Bliden KP, Tantry US, et al. The effect of aspirin dosing
on platelet function in diabetic and nondiabetic patients: an
analysis from the aspirin-induced platelet effect (ASPECT) study.
Diabetes 2007;56(12):3014–3019

57 Rosiak M, Postuła M, Kapłon-Cieślicka A, et al. The effect of
doubling the dose of acetylsalicylic acid (ASA) on platelet function
parameters in patients with type 2 diabetes and platelet hyper-
reactivity during treatment with 75mg of ASA: a subanalysis of
the AVOCADO study. Kardiol Pol 2013;71(06):552–557

58 Bethel MA, Harrison P, Sourij H, et al. Randomized controlled trial
comparing impact on platelet reactivity of twice-daily with once-
daily aspirin in people with type 2 diabetes. Diabet Med 2016;33
(02):224–230

59 Rocca B, Santilli F, Pitocco D, et al. The recovery of platelet
cyclooxygenase activity explains interindividual variability in
responsiveness to low-dose aspirin in patients with and without
diabetes. J Thromb Haemost 2012;10(07):1220–1230

60 Spectre G, Arnetz L, Östenson CG, Brismar K, Li N, Hjemdahl P.
Twice daily dosing of aspirin improves platelet inhibition inwhole
blood in patients with type 2 diabetes mellitus and micro- or
macrovascular complications. Thromb Haemost 2011;106(03):
491–499

61 Parker WAE, Orme RC, Hanson J, et al. Very-low-dose twice-daily
aspirin maintains platelet inhibition and improves haemostasis
during dual-antiplatelet therapy for acute coronary syndrome.
Platelets 2019;30(02):148–157

62 Clinicaltrials.gov. AspirinTwice a Day in PatientsWithDiabetes and
AcuteCoronary Syndrome (ANDAMAN). 2021.Accessed January31,
2022 athttps://clinicaltrials.gov/ct2/show/NCT02520921

63 Clinicaltrials.gov. Chronotherapy With Low-dose Aspirin for Pri-
mary Prevention (CARING). 2020. Accessed January 31, 2022
athttps://clinicaltrials.gov/ct2/show/NCT00725127

64 Wharton S, Pedersen SD, Lau DCW, Sharma AMDiabetes Canada
Clinical Practice Guidelines Expert Committee. Weight manage-
ment in diabetes. Can J Diabetes 2018;42(Suppl 1):S124–S129

65 Pedersen AK, FitzGerald GA. Dose-related kinetics of aspirin.
Presystemic acetylation of platelet cyclooxygenase. N Engl J
Med 1984;311(19):1206–1211

66 Capodanno D, Ingala S, Calderone D, Angiolillo DJ. Aspirin for the
primary prevention of cardiovascular disease: latest evidence.
Expert Rev Cardiovasc Ther 2019;17(09):633–643

67 Rothwell PM, Cook NR, Gaziano JM, et al. Effects of aspirin on risks
of vascular events and cancer according to bodyweight and dose:
analysis of individual patient data from randomised trials. Lancet
2018;392(10145):387–399

68 Rocca B, Fox KAA, Ajjan RA, et al. Antithrombotic therapy and
bodymass: an expert position paper of the ESCWorking Group on
Thrombosis. Eur Heart J 2018;39(19):1672–1686f

69 Grimaldi R, Bisi M, Lonni E, et al. Laboratory aspirin resistance
reversibility in diabetic patients: a pilot study using different
pharmaceutical formulations. Cardiovasc Drugs Ther 2014;28
(04):323–329

70 Peace A, McCall M, TedescoT, et al. The role of weight and enteric
coating on aspirin response in cardiovascular patients. J Thromb
Haemost 2010;8(10):2323–2325

71 Cayla G, Collet J-P, Silvain J, Thiefin G, Woimant F, Montalescot G.
Prevalence and clinical impact of upper gastrointestinal symp-
toms in subjects treated with low dose aspirin: the UGLA survey.
Int J Cardiol 2012;156(01):69–75

72 Wolfe MM, Lichtenstein DR, Singh G. Gastrointestinal toxicity of
nonsteroidal antiinflammatory drugs. N Engl J Med 1999;340
(24):1888–1899

73 Haastrup PF, Grønlykke T, Jarbøl DE. Enteric coating can lead to
reduced antiplatelet effect of low-dose acetylsalicylic acid. Basic
Clin Pharmacol Toxicol 2015;116(03):212–215

Thrombosis and Haemostasis Vol. 122 No. 9/2022 © 2022. Thieme. All rights reserved.

Invited Mini Series: Novel Clinical Concepts in Thrombosis1452

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

https://clinicaltrials.gov/ct2/show/NCT02520921
https://clinicaltrials.gov/ct2/show/NCT00725127


74 Kelly JP, Kaufman DW, Jurgelon JM, Sheehan J, Koff RS, Shapiro S.
Risk of aspirin-associated major upper-gastrointestinal bleeding
with enteric-coated or buffered product. Lancet 1996;348
(9039):1413–1416

75 de Abajo FJ, García Rodríguez LA. Risk of upper gastrointestinal
bleeding and perforation associated with low-dose aspirin as
plain and enteric-coated formulations. BMC Clin Pharmacol
2001;1:1

76 Walker J, Robinson J, Stewart J, Jacob S. Does enteric-coated
aspirin result in a lower incidence of gastrointestinal complica-
tions compared to normal aspirin? Interact Cardiovasc Thorac
Surg 2007;6(04):519–522

77 García Rodríguez LA, Hernández-Díaz S, de Abajo FJ. Association
between aspirin and upper gastrointestinal complications: sys-
tematic review of epidemiologic studies. Br J Clin Pharmacol
2001;52(05):563–571

78 Angiolillo DJ, Bhatt DL, Lanza F, et al. Bioavailability of aspirin in
fasted and fed states of a novel pharmaceutical lipid aspirin
complex formulation. J Thromb Thrombolysis 2020;49(03):
337–343

79 Cryer B, Bhatt DL, Lanza FL, Dong J-f, Lichtenberger LM, Marathi
UK. Low-dose aspirin-induced ulceration is attenuated by aspi-
rin–phosphatidylcholine: a randomized clinical trial. Am J Gas-
troenterol 2011;106(02):272–277

80 Angiolillo DJ, Bhatt DL, Lanza F, et al. Pharmacokinetic/
pharmacodynamic assessmentof a novel, pharmaceutical lipid-aspirin
complex: results of a randomized, crossover, bioequivalence study. J
Thromb Thrombolysis 2019;48(04):554–562

81 Gurbel PA, Bliden KP, Chaudhary R, et al. Antiplatelet effect
durability of a novel, 24-hour, extended-release prescription
formulation of acetylsalicylic acid in patientswith type 2 diabetes
mellitus. Am J Cardiol 2016;118(12):1941–1947

Thrombosis and Haemostasis Vol. 122 No. 9/2022 © 2022. Thieme. All rights reserved.

Invited Mini Series: Novel Clinical Concepts in Thrombosis 1453

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


