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Abstract

Purpose Aspirin resistance occurs most frequently in diabetic
patients and is associated with poor prognosis. The purpose of
this study was to evaluate the prevalence of aspirin resistance
in a cohort of diabetic patients and whether it can be reversed
using more bioavailable aspirin formulations.

Methods Platelets function of 163 diabetic patients taking
acetyl salicylic acid (ASA) 100 mg daily has been evaluated
with PFA100 and VerifyNow. Patients found resistant by at
least one test received an infusion of 288 mg of lysine acetyl-
salicylate (Flectadol®) corresponding to ASA 160 mg. Plate-
lets function was measured again after 1 and 24 h. Patients
whose the resistance was reversed received 288 mg of soluble
salt of lysine acetylsalicylate (Cardirene 160®) corresponding
to ASA160 mg instead of aspirin and their aggregation status
was re-evaluated after 1 month of therapy.

Results Prevalence of aspirin resistance in our population was
18,4 % (30/163). In 27 out of 30 patients (90 %) aspirin
resistance was reversed within 24 h from the infusion. 25
out of 27 patients (92 %) were found fully aspirin-sensitive
after 1 month of oral therapy with soluble salt; two patients
were found with borderline value. No adverse reactions were
observed.
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Conclusions A significant number of diabetic patients are
resistant to aspirin therapy. A single intravenous dose of lysine
acetylsalicylate can reverse the platelet hyper-aggregability
and laboratory aspirin resistance in large majority of patients.
The efficacy of antiaggregation can be maintained by chronic
therapy with an oral drug with a more favourable pharmaco-
kinetic profile.
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Abbreviations
ACEi angiotensin converting enzyme inhibitor

ACS acute coronary syndrome
ARB angiotensin receptor blockers
ASA acetyl salicylic acid

BB beta-blockers

CAD coronary artery disease
COX 1 cyclooxygenase 1

CT closure time

LAS lysine acetylsalicylate

OH oral hypoglycaemic

PFA Platelet Function Analyzer
PPI proton pump inhibitor

ROS reactive oxygen species

SPECT  single-photon emission computed tomography
TIA transient ischaemic attack

Introduction

Cardiovascular disease is the leading cause of mortality in
patients with type 2 diabetes mellitus, accounting for an
estimated 65-80 % of deaths in these patients [1]. Although
there have been substantial reductions in cardiovascular
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related morbidity and mortality in the general population over
the last 40 years attributed to improved treatment of cardio-
vascular risk factors and disease, the same benefit has not been
observed in those with diabetes mellitus [2, 3].

A landmark observational study suggested that patients
with diabetes without prior myocardial infarction had a similar
risk of coronary heart disease to patients with prior myocardial
infarction without diabetes [4].

Numerous pathophysiological mechanisms have been pro-
posed to explain the exceptionally poor outcome of patients
with diabetes and coronary artery disease including aggressive
atherosclerosis [5], abnormal endothelial function [6, 7], im-
paired fibrinolysis, platelet hyperactivity [8]. Increased plate-
let activity plays a major role in the pathogenesis of thrombo-
ischaemic complications in diabetic patients.

Significant interest emerged for the widespread implemen-
tation of interventions for lowering cardiovascular risk in
patients with diabetes, such as the use of aspirin therapy.

Several studies have demonstrated a beneficial role of
antiplatelet therapy with aspirin in primary and secondary
prevention of coronary heart disease in patients with diabetes
[9].

Subgroup analysis of a diabetic cohort of the US Physi-
cians Health Study demonstrated a reduction in the myocar-
dial infarction rate ranging from 10.2 % in the placebo treated
group to 4.0 % for the aspirin-treated group [10].

However, aspirin’s antiplatelet effect is not uniform in all
patients and reduced antiplatelet activity has been reported
between 20 and 30 % of patients [11, 12]. This group seems to
have a greater than threefold increase in the risk of major
adverse events in stable coronary artery disease [13, 14].

The frequency of this phenomenon varies significantly,
depending on the applied detection method and the investi-
gated group of patients. Various study have investigated the
effectiveness of antiplatelet therapy and, in their conclusion,
several acquired conditions are supposed to play a role in the
aspirin responsiveness [15], such as glycaemic control
[16-18], hypertension, hypercholesterolemia, smoking or
drugs [19-21], age [22] as well as genetic polymorphisms
[23, 24].

Beside these factors, different modes of ASA administra-
tion might affect the rate of ASA absorption and, consequent-
ly, platelet response [25, 26] in fact a reduced absorption of
acetyl salicylic acid could compromise the response to anti-
aggregation activity. Especially in diabetic patients, in which
the peripheral circulation, even in the splanchnic area, is
frequently affected, but also in patients with chronic
gastroenteric disorders, on gastroprotective therapy or simply
with diffuse vascular disease, an insufficient adsorption can be
the main factor that makes antiaggregation inefficient.

The aim of our study was to investigate in a cohort of
diabetic patients, with and without known cerebral or cardio-
vascular disease, the prevalence of aspirin resistance and
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whether this resistance can be reversed by using a more
bioavailable formulation of salicylic acid such as the intrave-
nous via and or soluble salt.

Methods

We prospectively enrolled 163 diabetic patients between No-
vember 2011 and December 2012. The patients were recruited
from consecutive patients presenting to the outpatient clinic
for follow-up treatment of type 2 diabetes who were chroni-
cally taking acetyl salicylic acid 100 mg daily. We enrolled
both male and female over 18 years old with type 2 diabetes
diagnosed at least 12 months earlier on pharmacological or
insulin therapy and that were taking ASA 100 mg at least for
30 days before the enrolment. Compliance on aspirin was
determined by patient interview both at study enrolment and
follow-up. Patients taking oral anticoagulation therapy, with a
personal history of haemorrhagic disorder, on chronic treat-
ment with non-steroid anti-inflammatory drugs, under admin-
istration of heparin or low-molecular-weight heparin within
24 h before enrolment, acute coronary syndrome (ACS) or
major cerebral vascular event or hospitalization for any cause
within the 30 days before, excessive low or high platelet count
(<130,000/ul or >450.000/pl) and history of haematological
disorder have been excluded. The assumption of other anti
aggregation therapy acting on P2Y12, such as clopidogrel,
was not considered an exclusion criterion since the tests used
to evaluate the aggregation status are specific for COX1
inhibition. Enrolled patients were taking ASA both in primary
prevention, in order to reduce the risk of cardiovascular event
in a high risk population, and in secondary prevention after
ACS or transient ischaemic attack (TIA)/stroke. We also en-
rolled those patients with coronary artery disease (CAD)
diagnosed by Treadmill test, myocardial single-photon emis-
sion computed tomography (SPECT) or coronary
angiography.

This study complied with the Declaration of Helsinki and
was approved by the Ethical Committee of the San Giovanni
Battista Hospital (Turin, Italy); all patients signed an informed
consent.

In all enrolled patients, platelets aggregation was assessed a
preliminary test using PFA100 and VerifyNow between 8.00
and 10.00 am and the last assumption of enteric coated ASA
was between 12.00 am and 2.00 pm of the previous day.
Patients found resistant by at least one of the tests were called
to receive and infusion of 288 mg of lysine acetylsalicylate
(Flectadol®) corresponding to 160 mg of acetylsalicylic acid
in 100 ml of saline solution between 10.00 and 12.00 am
before the daily dose administration. All patients were
instructed not to take aspirin for the following 24 h. Blood
samples both for PFA100 and for VerifyNow were collected 1
and 24 h after the end of the infusion. Patients in whom the
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resistance have been reversed received 288 mg of soluble salt
of lysine acetylsalicylate (Cardirene 160®) corresponding to
160 mg of acetylsalicylic acid instead of aspirin as their
chronic antiaggregation treatment. In our study the dosage
was chosen based on the availability in Italy, at the time of
enrolment, of the only dosages of 160 mg and 300 mg of oral
lysine acetylsalicylate.

The platelet function of these patients was re-tested 1 month
after the beginning of oral lysine acetylsalicylate (LAS).

Efficacy of anti-aggregation therapy was assessed using the
platelet function analyser system (PFA 100) and the
VerifyNow aspirin test.

In the PFA-100 device (Siemens, Marburg, Germany) the
citrate whole blood is sucked at high shear rates in a capillary
closed by a membrane with a micro opening. Some platelet
agonists, collagen/epinephrine (first reaction cartridge) and
collagen/ADP (second cartridge), trigger platelet activation
and aggregation on the membrane’s opening. This gradually
slows down the blood’s flow until the complete occlusion of the
opening. PFA-100 measures the closure time (CT) from the
start test [27, 28]. Aspirin usually prolongs only the collagen/
epinephrine-induced CT [29]. Resistance to aspirin was defined
as a normal collagen/epinephrine CT. In our laboratory, normal
ranges for the first cartridge CT are 85-160 s. Patients with CTs
>160 were defined as aspirin responders; patients with CTs
<160 were defined as aspirin resistant.

Studies using PFA100 show that the resistance to the ASA
stands in a range between 10 and 15 % [19, 30]. In the
subgroup of aspirin resistant it has been detected a higher rate
of adverse cardiovascular events [14].

In VerifyNow device (Accumetrics, San Diego, CA) the
citrate whole blood is put in contact with fibrinogen-coated
beads tied to the receptors on the platelet surface. Arachidonic
acid used as agonist, induces platelet aggregation on the beads.
The test measures the aggregation with a optical turbidimetric
method [31]: the increase of the light transmittances is directly
proportional to the degree of platelet aggregation. VerifyNow
aspirin test measures platelet aggregation as aspirin reaction
unit (ARU) with a cutoff for aspirin resistance at 550 ARU.
Patients with ARU<550 were defined as aspirin responders;
patients with ARU>550 were defined as aspirin resistant.

This test is highly specific for aspirin action on COXI1,
since there is a different cartridge for testing P2Y 12 inhibitors,
such as clopidogrel. Using the VerifyNow test the resistance
rate to the aspirin range from 6 to 20 % [32, 33].

We considered to be resistant to ASA those patients who
resulted resistant in at least one of the two tests used.

Statistics

Statistical significance was considered at the 5 % level (p=
0.05). Continuous variables are presented as mean+standard

deviation and categorical variables are presented as frequen-
cies and percentages. Differences between groups were eval-
uated by using independent samples 2-sided Student’s #-test
for continuous variables and Fisher’s exact test for categorical
variables. The agreement between the aspirin resistance status
assessed by the various platelet function tests was evaluated
with the use of the Cohen’s k coefficient.

Results

One hundred sixty-three patients with diabetes mellitus were
enrolled; 60 female (37 %) and 103 male (63 %) with a mean
age of 68+7 years. All patients were taking aspirin at least for
30 days before the enrolment, 89 patients (55 %) in primary
prevention while the remaining 74 patients (45 %) as second-
ary prevention (34 % for CAD and 11 % for stroke/TIA); the
mean duration of diabetes mellitus was 18+9 years with a
mediocre metabolic control (HbAlc 62+11,9 mmol/mol), the
mean BMI was 29,01+6,01 which shows poor control of
body weight.

Assessment of platelet function in basal sample showed a
prevalence of aspirin resistance of 18,4 % (30 patients) in at
least one of the two tests used; among these subjects 10 were
resistant in both tests, whereas 12 only with PFA100 and 8
only with VerifyNow, showing a moderate concordance be-
tween assays (k=0,5).

There were no statistically significant differences in clinical
characteristics between aspirin resistant and aspirin sensitive
patients (Table 1), apart from BMI, higher in resistant popu-
lation (in PFA100 and VerifyNow resistant group respectively
32,5+6,3 and 31,0£9,8, and 29,1+3,8 in the sensitive group;
»=0,008) with no difference between those resistant to
VerifyNow and PFA100, and a slightly higher prevalence of
clopidogrel assumption between resistant patients.

No adverse reactions occurred during or following the
infusion.

In 27 out of 30 patients (90 %) the aspirin resistance was
reversed within 24 h from the infusion (in22 at 1 hand in 5 at
24 h) using both platelets function tests. All the values of
PFA100 and VerifyNow recorded at each point are listed in
Tables 2-3; the trends of aggregation tests for each resistant
patients are shown in Figs. 1 and 2.

Three patients (one resistant with PFA100 and two with
VerifyNow) were found resistant with that assay after the
infusion at 1 and 24 h. All patients whose aspirin resistance
had been reversed were treated with LAS 288 mg (corre-
sponding to ASA 160 mg) daily for 1 month.

All 27 patients were tested 1 month after the infusion on
daily therapy with Cardirene and 25 patients have been found
fully aspirin-sensitive, while two patients, both found resistant
with PFA 100, have been found with borderline value (150 and
153 s).
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Table 1 Clinical characteristics
compared between resistant and
sensitive patients

Clinical characteristics compared
between resistant and sensitive
patients

PFA-100 resistant
(22)

VerifyNow resistant

(18)

Aspirin sensitive
(133)

Age +/— SD (years)

Sex [F (%)/M(%)]

DM duration +/— SD (years)
HbA1c [mmol/mol +/— SD (%)]

BMI +/- SD§
Smoker active n° (%), ex n° (%)

Hypertension n° (%)
Cholesterol:
LDL +/— SD (mg/dl)
HDL +/— SD (mg/dl)
Creatinine (mg/dl)
ASA Indication:
Primary prevention (%)
Secondary prevention (%)

Concomitant medications (%):

- Thienopyridines

- PPI

- ACEi

- ARB

- BB

- Diuretics:
loop/thiazide/
k spearing

- Statins

- Insulin

- OH
§ p=0,008

67.4+/—9,5 68,9 +/— 9,0 68,5 +/~9,0

6 (27)/16 (73) 6 (35)/11 (65) 52 (39)/81 (61)
19,4 +/—9,8 20,9 +/-9,0 17,6 +/- 9,1
65 +/— 11,1 57+—17,7 62 +/-11,9
8,1 +/-1,4) (7,4 +/-1,0) (7,8 +/-1,5)
32,5+/-6,3 31,0 +-9,8 29,1 +/-3,8

5 active (22) 3 active (17) 12 active (9)

2 ex (9) 3ex (17) 22 ex (16)

19 (86) 12 (71) 115 (86)

LDL 103,9 +/- 51,2
HDL 47,2 +/— 17,2

LDL 106,8 +/— 53,7
HDL 50,9 +/— 21,5

LDL 93,9 +/— 34,8
HDL 34,7 +/— 14,1

1,07 +/-04 1,06 +/— 0,5 1,01 +/~0,3

13 (59) 11 (65) 75 (54)

9 (41) 6 (35) 58 (44)

7 CAD 3 TIA/stroke 6 CAD 2 TIA/stroke 44 CAD 20 TIA/
stroke

209 1(6) 2(1,5)

8 (36) 6 (35) 34 (26)

12 (54) 6 (35) 63 (47)

941 6 (35) 47 (35)

941 6 (35) 57 (43)

8 (36)/4 (18)/ 5(29)/3 (18)/ 24 (18)/29 (22)/

3(14) 1(6) 16 (12)

16 (72) 11 (65) 80 (60)

11 (50) 7 (41) 56 (42)

14 (64) 9 (53) 102 (77)

Discussion

In our study the prevalence of aspirin resistance among dia-
betic patients was 18 %, as reported in previous studies [12].
In our cohort it does not seem influenced by age, sex, duration
of diabetes or metabolic control, smoking, hypertension,
dyslipidaemia, creatinine level, or by the presence of a previ-
ous ischaemic event [30]; also the therapy associated with
aspirin was found to be irrelevant. In previous studies some of
these characteristics were reported to be related with a higher
prevalence of aspirin resistance, particularly metabolic control
[18, 19], but data are still controversial.

In our population we found the resistant group to have
higher BMI than sensitive group. As described in previous
papers (17, 34) a greater volume of distribution could influ-
ence the efficacy, and increasing the dose could have played a
role in reversing ASA resistant in this group. Nevertheless
also in the sensitive group there are obese patients and in the
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resistant group there are patients with BMI <25, showing as
there is not a direct correlation between BMI and ASA re-
sponsiveness and increasing the dose can not be considered
the only explanation to the reversibility obtained.

The relative higher prevalence of patients assuming
clopidogrel in the resistant group is probably an incidental
finding considering the very small overall amount of patient
assuming thienopyridines in our population, since patients
with very recent ACS were excluded. Alternatively the use
of clopidogrel could define a group of patients with higher risk
for cardiovascular events.

The high prevalence of aspirin resistance in a population
already with higher risk than general population could have
important clinical implication [13, 14, 35]. Abnormal platelet
function may be related to several mechanisms, including
metabolic alterations, oxidative stress and endothelial dysfunc-
tion. Platelets in diabetic subjects are characterized by enhanced
thromboxane synthesis; furthermore hyperglycaemia induces
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Table 2 VerifyNow values for resistant patients

VerifyNow R basal 1h 24 hs 30 days
#1 573 387 370 420
#2 563 399 444 421
#3 577 479 489 524
#4 638 405 428 385
#5 651 400 415 408
#6 641 553 407 528
#7 599 563 423 535
#8 564 427 415 534
#9 562 437 428 518
#10 583 571 512 417
#11 594 415 487 467
#12 586 432 410 452
#13 589 405 408 470
#14 570 562 576 565
#15 579 559 560 556
#16 581 587 384 539
#17 553 533 367 440
Table 3 PFA 100 values for resistant patients

PFA 100 R basal l1h 24 hs 30 days
#2 109 203 243 213
#3 101 >300 >300 >300
#4 112 >300 >300 >300
#5 123 261 289 >300
#6 139 >300 >300 >300
#7 127 235 >300 >300
#9 128 >300 218 >300
#13 111 >300 300 >300
#15 137 210 >300 173
#18 119 >300 >300 >300
#19 107 >300 >300 180
#20 117 >300 >300 >300
#21 140 >300 >300 >300
#22 99 81 >300 150
#23 141 >300 >300 274
#24 133 187 167 153
#25 143 >300 164 >300
#26 121 >300 >300 168
#27 128 294 291 >300
#28 119 151 95 120
#29 138 >300 300 >300
#30 129 >300 291 >300

The same number corresponds to the same patient in both Tables 2 and 3.
The patients included in both tables are those resistant to both tests, those
included in only one table are resistant only to the test of that table
Values over (for VerifyNow) or under for PFA 100) the cut off value are
written in bold

VerifyNow
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650 x
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g

M « .
550 N AN . .

500

Y\ T~

A
v

VerifyNow

350

300

basal 1h 24h 30 days

Fig. 1 VerifyNow values trends. Cut off value for resistance is over 550
ARU

reactive oxygen species (ROS) inducing oxidative stress. ROS
lead to activation of transcription factors, such as NF-kB and
activator protein-1, and subsequent production of pro-
inflammatory cytokines and adhesion molecules and to reduc-
tion of synthesis of nitric oxide [36]. These mechanisms are
implicated in a reduced response to aspirin activity, but also
other mechanisms have been proposed for aspirin resistance
[37, 38].

In our study we provide a support for the assumption that
delayed or impaired intestinal absorption plays and important
role in the absence of laboratory platelet response to aspirin in
diabetic patients. In particular we focused on the pharmaceu-
tical formulation since the absorption can be deeply altered by
different formulations [26, 39]. This is also underlined by the
persistence of the reversion of aspirin resistance not only after
the infusion but also after 1 month of oral assumption of
soluble salt at the same dose of the infusion instead of

PFA-100
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280

200
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% ‘
120 //

80
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basal 1h 24h 30 days

Fig. 2 PFA 100 values trends. Cut off value for resistance is under 160 s
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enteric-coated pills, in most of the patients who had their
resistance reversed. This formulation has shown not to in-
crease the adverse events or gastric intolerance or compliance
[40, 41]. This observation could provide a further option for
improving the antiaggregation therapy in high-risk patients, as
diabetic ones, tailoring the therapy on the basis of quick and
easy test available as point of care in many centres.

Nevertheless there is still a small percentage (10 %) of
patients that are non-responsive to antiaggregation therapy
even after endovenous administration confirming the impor-
tant role of the others mechanisms previously described.

One contributing cause for the efficiency of intravenous
aspirin may be the, even slightly, higher dose, chosen based on
the commercial availability. Several studies demonstrated that
the inhibition of thromboxane formation was dose-dependent
[42, 43], but other studies were unable to reveal any dose-
effect relationship using aspirin doses between 30 and 325 mg
per day [44]. Some authors have also hypothesized that an
accelerated platelet turnover or the interindividual variability
in the recovery of platelet cyclooxygenase activity during the
dosing interval may limit the duration of the antiplatelet effect
of low-dose aspirin in patients with diabetes mellitus and it
might explain an incomplete laboratory response to aspirin
therapy. Following these assumptions, they have demonstrat-
ed improved platelet antiaggregation with an administration
twice daily at low dose (75 mg) compared to single daily
administration at high dose (320 mg) [45, 46].

Our study, in agreement with previous findings, suggests
that different platelet function assays that are suitable for
detecting aspirin resistance cannot be used interchangeably
since there is only a moderate concordance between the tests
used (K=0,5) [47—49]. Furthermore the prevalence of aspirin
resistance might have been overestimated by the use of tests
on whole blood due to enhanced interaction, in diabetic pa-
tients, between platelets and red blood cells, which release
large contents of adenosine diphosphate (ADP) y. The tests
used have been chosen on the basis of accessibility, economic
sustainability, ease and rapidity in their execution among tests
validated.

This study has several important limitations; we did not
measure the blood salicylate or serum/plasma thromboxane
A2 metabolite levels, number of cases was small, the labora-
tory follow up was at short time and the assessment of com-
pliance only by interview.

Despite such limitations our study highlight a new prom-
ising approach to reduce the prevalence of laboratory aspirin
resistance.

In addition, our study is an observational study, for this
reason no formal sample size determination was performed
and all patients belong to a sequential single-arm cohort,-
depending on their presentation at our outpatient clinic.

As this study was planned as proof of concept, a further
prospective controlled clinical trial with two arms for
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comparison between the standard therapy and the “reversed
resistance” with adequate sample size needs to be performed.

In conclusion, diabetic patients show markedly augmented
platelet function despite regular oral intake of 100 mg of
aspirin daily. A single intravenous dose of lysine acetylsalic-
ylate, corresponding to 160 mg of acetyl salicylic acid, instead
of the standard oral 100 mg of the enteric-coated formulation,
can reverse the augmented platelet aggregability and labora-
tory aspirin resistance in the large majority of patients found
resistant with standard therapy. The chronic therapy with an
oral drug with a more favourable pharmacokinetic profile,
such as the soluble salt, has shown to maintain the efficacy
of antiaggregation in short follow-up in those who had their
resistance reversed. Additional clinical studies are needed to
find the optimal dosing and pharmaceutical formulation and to
confirm the clinical significance of reversion of laboratory
aspirin resistance in diabetic patients.
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