
Clinical research

Corresponding author:
Beata Łabuz-Roszak MD, PhD
Department of Neurology
Medical University of Silesia
13/15 3 Maja St
41-800 Zabrze, Poland
Phone: +48 32 370 45 94
E-mail:  
beatamaria.pl@hoga.pl

1 Chair and Clinical Department of Neurology in Zabrze, Medical University of Silesia, 
Katowice, Poland

2 Department of Biostatistics, Faculty of Public Health, Medical University of Silesia, 
Katowice, Poland

Submitted: 19 December 2012
Accepted: 1 March 2013

Arch Med Sci 2015; 11, 1: 106–114
DOI: 10.5114/aoms.2015.49211
Copyright © 2015 Termedia & Banach

Searching for factors associated with resistance  
to acetylsalicylic acid used for secondary prevention  
of stroke

Beata Łabuz-Roszak1, Krystyna Pierzchała1, Ewa Niewiadomska2, Michał Skrzypek2,  
Agnieszka Machowska-Majchrzak1

A b s t r a c t

Introduction: The aim of the study was to evaluate the prevalence of resis-
tance to acetylsalicylic acid (ASA), used for secondary prevention of stroke, 
including the assessment of risk factors associated with the lack of ASA 
anti-aggregatory action. 
Material and methods: Patients after a transient ischaemic attack (TIA) or 
ischaemic stroke in the acute (n = 111) and chronic phase (n = 87) were en-
rolled in the study. The assessment of platelet function was performed by 
whole blood impedance aggregometry using a multi-channel platelet func-
tion analyser (Multiplate). 
Results: A proper response to ASA was found in 121 patients (61.1%) (ASA 
responders), a partial response to ASA in 59 patients (29.8%) (ASA partial 
responders), and ASA resistance in 18 patients (9.1%) (ASA non-responders). 
Acetylsalicylic acid resistance was observed more frequently in the chronic 
phase. The mean low-density lipoprotein (LDL) concentration was higher in 
ASA non-responders (p = 0.02). The mean heart rate (p = 0.03) and the mean 
haematocrit (p = 0.03) were higher in the group of ASA partial responders 
and ASA non-responders. Angiotensin II receptor antagonists were more of-
ten used in the group of ASA partial responders and ASA non-responders  
(p = 0.04). Diuretics were more rarely used by ASA non-responders, whereas 
fibrates were more rarely used by ASA partial responders. 
Conclusions: The method enabled the detection of ASA resistance in some 
patients with cerebrovascular disease. The study revealed some possible 
risk factors of ASA resistance: long ASA therapy, increased heart rate, higher 
LDL concentration, and higher haematocrit value. The relationship between 
the effect of ASA and other medications (angiotensin II receptor blockers, fi-
brates, diuretics) requires further study. Platelet function monitoring should 
be considered in patients at a greater risk of ASA resistance.

Key words: acetylsalicylic acid, stroke, resistance to acetylsalicylic acid, 
impedance aggregometry.

Introduction

Acetylsalicylic acid (ASA) is the major drug used for ischaemic stroke 
prevention. It was synthesised by Felix Hoffman in 1897 and was intro-
duced for treatment in 1899 under the name “aspirin”, as it is commonly 
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known nowadays. In the 1960s scientists discov-
ered the antiplatelet properties of ASA [1, 2]. In 
patients who regularly take ASA a 25% reduction 
of the incidence of myocardial infarction and is-
chaemic stroke was reported [2].

Despite the proven benefits of ASA which are 
connected with the significant decrease in cardi-
ovascular events in those who regularly take this 
medication, some patients show what is termed 
“ASA resistance”. This term is used when a new 
cardiovascular episode is noted in individuals who 
regularly take ASA (known as clinical resistance). 
The term “ASA resistance” is also used when labo-
ratory test results indicate the lack of anti-aggrega-
tory ASA action (known as laboratory resistance).

As most studies and meta-analyses show, there 
is a correlation between laboratory resistance and 
clinical resistance, i.e. more frequent incidence of 
cardiovascular events in patients with proven ASA 
resistance in laboratory tests [3–6].

The mechanism of ASA resistance is not fully 
understood as yet. In the available literature ge-
netic factors are considered together with patient 
non-compliance, an inappropriate form or dose 
of the medication, and interactions with other 
agents and substances [7].

The aim of the study was to evaluate the prev-
alence of resistance to ASA used for secondary 
prevention of stroke including the assessment of 
risk factors associated with the lack of ASA anti- 
aggregatory action.

Material and methods

Patients with a diagnosed transient ischaemic 
attack (TIA) or ischaemic stroke (both acute and 
chronic) who were administered ASA at the dose 
of 75–150 mg/day were enrolled in the study. The 
study was conducted between 1 February 2010 
and 30 June 2011. Patients were treated at the 
Department of Neurology or Out-patient Neuro-
logical Clinic.

The inclusion criteria were the following: his-
tory of cerebral ischaemic episode (TIA or ischae-
mic stroke), regular ASA intake at the dose of 75– 
150 mg/day from the time of onset of the disease, 
not using other antiplatelet and/or antithrombot-
ic agents, and the patient’s informed written con-
sent for the study.

The exclusion criteria were the following: the 
intake of other antiplatelet agents, the use of 
other non-steroidal anti-inflammatory drugs 
(NSAIDs), irregular ASA intake, the use of heparin 
or low-molecular weight heparin, platelet count  
< 150 × 103/μl or > 450 × 103/μl, history of haem-
orrhage, haemoglobin concentration < 10 mg/dl,  
lack of patient’s informed written consent. The 
study was approved by the local Bioethics Com-
mittee. 

All patients underwent physical and neurolog-
ical examination. A  10 ml fasting blood sample 
was obtained to determine platelet function and 
perform additional laboratory tests (CBC, glucose, 
total cholesterol, LDL, HDL, triglycerides, HbA

1c, 
CRP, creatinine, AspAT, AlAT, bilirubin, INR, APTT). 
The neurological status of patients was based 
on the National Institutes of Health Stroke Scale  
(NIHSS) and the modified Rankin scale (mRankin). 
The type of stoke was established according to 
the TOAST classification.

The platelet function test was performed by 
the method of whole blood impedance aggregom-
etry using the multiple platelet function analyser 
Multiplate (Dynabyte) [8–10]. In all the study pa-
tients the ASPI test was performed with arachi-
donic acid as the platelet activator. The study 
was conducted in accordance with the following 
protocol: blood (2.6 ml) was collected from each 
patient into the Sarstedt r-hirudin-type tube. The 
analysis was performed after at least 30 min, but 
not more than 2 h after blood sampling. Next, the 
assessment was performed using the Multiplate 
analyser. Initially 300 μl of sodium chloride heated 
to the temperature of 37°C and 300 μl of whole 
blood were placed in a  special single-use test-
ing chamber with a  magnetic stirrer, previously 
placed in a proper measurement site and plugged 
into the analyser. Next, after 3 min of incubation,  
20 μl of arachidonic acid was added. Aggregation 
results were obtained after the following 6 min, 
as the mean of two measurements in the form of 
a curve on the basis of which the area under the 
curve (AUC) was determined. Figure 1 presents 
an example of platelet function analysis (ASPI 
test) using the multiple platelet function analyser 
(Multiplate) in an ASA non-responder (resistance 
to ASA was recognized) and in an ASA responder 
(proper response to ASA).

The AUC reference range for the ASPI test was 
691–1294 [AU*min] in accordance with the man-
ufacturer’s recommendations. These values were 
obtained at the Clinic of Homeostasis and Trans-
fusion Medicine of the University of Munich by 
measuring platelet function using the Multiplate 
analyser in 66 healthy volunteers who were not 
taking any medications [10]. 

Based on the literature data, it was accepted 
that in patients who take ASA the value of AUC 
< 300 indicates aspirin sensitivity (ASA respond-
ers), the value of AUC 300–690 indicates partial 
sensitivity (ASA partial responders), and the val-
ue of AUC > 690 indicates aspirin resistance (ASA 
non-responders) [10].

Statistical analysis

The obtained results underwent statistical 
analysis using the R software package 2.11.1, 
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R  Foundation for Statistical Computing and Sta-
tistica v.9.0, StatSoft Poland. In data description 
the standard statistical parameters were pro-
vided, i.e. the number N, arithmetic mean X, the 
standard deviation (SD) and percentages (%). 
Normal distribution of data was assessed by the 
Shapiro-Wilk normality test. Statistical signifi-
cance of between-group differences was verified 
by Student’s t-test or ANOVA, with the post-hoc 
least significant difference test, for normally dis-
tributed variables; otherwise the non-parametric 
Mann-Whitney U  test or Kruskal-Wallis test was 
used. The χ2 test, Yates’ χ2 test or Fisher’s exact 
test with Bonferroni method for pairwise com-
parisons of proportions was used for comparison 
of qualified variables. Statistical significance was 
based on the p < 0.05 criterion.

Results

One hundred and ninety-eight patients were 
enrolled in the study including 111 patients hos-

pitalised at the Department of Neurology (histo-
ry of TIA or the acute phase of ischaemic stroke,  
< 1 month from the onset of the disease) and 
87 patients treated in the Out-patient Neurolog-
ical Clinic (history of TIA or the chronic phase of 
ischaemic stroke > 1 month from the onset of the 
disease). The clinical characteristics of the study 
patients are shown in Tables I, II. 

The study patients were divided into three 
groups depending on the response to ASA, i.e. pa-
tients sensitive to ASA action (ASA responders, R) 
(AUC < 300), patients partially sensitive to ASA ac-
tion (ASA partial responders, PR) (AUC ≥ 300 and  
≤ 690), patients resistant to ASA action (ASA 
non-responders, NR) (AUC > 690). Additionally, 
a fourth group consisting of ASA partial respond-
ers and ASA non-responders (PR + NR) (AUC ≥ 300) 
was created for statistical purposes.

The incidence of the particular response types 
to ASA activity is shown in Table III. Acetylsalicylic 
acid resistance was found more frequently in pa-
tients with the chronic phase of ischaemic stroke. 

Figure 1. An example of platelet function analysis (ASPI test) using the multiple platelet function analyser (Mul-
tiplate): A – in ASA non-responder (resistance to acetylsalicylic acid), B – in ASA responder (proper response to 
acetylsalicylic acid)

ASPI test

Area under curve: 896 AU × min (691–1296)

Aggregation: RUO: 157.1 AU

Velocity: RUO: 19.5 AU/min

ASPI test

Area under curve: 262 AU × min (691–1294)

Aggregation: RUO: 50.3 AU

Velocity: RUO: 6.5 AU/min

200 AU

0 AU

200 AU

0 AU

A

B
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Table I. Clinical characteristics of examined patients

Variable All patients
(N = 198)

Patients in the acute 
phase

(N = 111)

Patients in the 
chronic phase

(N = 87)

Female/male, n (%) 92 (46.5)/106 (53.5) 57 (51.4)/54 (48.6) 35 (40.2)/52 (59.8)

TIA/stroke, n (%) 33 (16.7)/165 (83.3) 10 (9)/101 (91) 23 (26.4)/64 (73.6)

ASA 75 mg/ASA 150 mg, n (%) 36 (18.2)/162 (81.8) 9 (8.1)/102 (91.9) 27 (31)/60 (69)

Age, mean ± SD [years] 67 ±12 70 ±12 64 ±11

Time from onset of TIA/stroke,  
mean ± SD [days]

– 6 ±4 4.3 ±4

Body weight, mean ± SD [kg] 76.5 ±14.8 74.6 ±15.1 78.4 ±13.7

BMI, mean ± SD [kg/m2] 27.6 ±4.9 27 ±5.4 28.1 ±4.4

Heart rate, mean ± SD [bpm] 74.7 ±6.5 75.4 ±6.3 73.8 ±6.7

Systolic blood pressure, mean ± SD [mm Hg] 134.3 ±11.3 133.6 ±11.9 135.2 ±10.6

Diastolic blood pressure, mean ± SD [mm Hg] 77.3 ±6.8 77.1 ±7.1 77.4 ±6.5

NIHSS, mean ± SD [points] 4.8 ±4 7.3 ±6.9 1.6 ±1.6

mRankin mean ± SD [points] 1.8 ±1.5 2.6 ±1.5 0.9 ±0.8

ASA – acetylsalicylic acid, TIA – transient ischaemic attack, BMI – body mass index, NIHSS – National Institutes of Health Stroke Scale, 
SD – standard deviation.

Table II. Stroke type according to TOAST classification

Parameter All patients
(N = 165)

n (%)

Patients in the acute phase  
of stroke (N = 101)

n (%)

Patients in the chronic phase 
of stroke (N = 64)

n (%)

LAA 46 (27.9) 36 (35.7) 10 (15.6)

SAO 87 (52.7) 44 (43.6) 43 (67.2)

CE 18 (10.9) 15 (14.8) 3 (4.7)

UND 14 (8.5) 6 (5.9) 8 (12.5)

LAA – large-artery atherosclerosis, SAO – small-artery occlusion, CE – cardioembolism, UND – stroke of undetermined cause.

Table III. Response to ASA in the examined patients

Variable All patients
(N = 198)

n (%)

Patients in the acute 
phase (I) (N = 111)

n (%)

Patients in the chronic 
phase (II) (N = 87)

n (%)

Value of p*
I vs. II

ASA responders (R) 121 (61.1) 74 (66.7) 47 (54) 0.07
NS

ASA partial responders (PR) 59 (29.8) 30 (27) 29 (33.3) 0.34
NS

ASA non-responders (NR) 18 (9.1) 7 (6.3) 11 (12.7) 0.12
NS

ASA partial responders and 
non-responders (PR + NR)

77 (38.9) 37 (33.3) 40 (46) 0.07
NS

ASA – acetylsalicylic acid. *Bonferroni pairwise comparisons for proportions.

Clinical characteristics of the various ASA re-
sponse groups are shown in Table IV. The occur-
rence of risk factors of cardiovascular diseases, 
the intake of medications and the results of labo-
ratory tests are shown in Tables V–VII. Since there 
was a small number of ASA non-responders, the 
statistical analysis concerning the relationship be-

tween various factors and the occurrence of ASA 
resistance was performed for the whole study pa-
tient population (acute and chronic phases alto-
gether).

No relationship was found between platelet 
aggregation and gender, age, type of stroke, dose 
of ASA, the result in NIHSS and mRankin, weight, 
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body mass index (BMI), or mean systolic and di-
astolic blood pressure. The mean heart rate was 
significantly different between ASA partial re-
sponders and ASA non-responders (p = 0.03) (Ta-
ble IV). No relationship was found between the 
occurrence of ASA resistance and any of the risk 
factors found in patients (Table V). 

Diuretics were taken more rarely in ASA non-re-
sponders, whereas fibrates were taken more 
rarely in ASA partial responders (none of the ASA 
non-responders took any agent from this group). 
Angiotensin II receptor blockers were significant-
ly more often taken by the group of ASA partial 
responders and ASA non-responders (p = 0.04) 
(Table VI). 

A significantly higher mean haematocrit value 
(p = 0.03) was found in ASA partial responders 
and the ASA non-responder group. The mean 
LDL concentration was significantly higher in 
ASA non-responders (p = 0.02). No relationship 
was found between the aggregation parameters 
and the results of the other laboratory tests (Ta-
ble VII).

Discussion 

In our study we found the occurrence of ASA 
resistance in over 9% of patients taking ASA after 
a  cerebrovascular accident. Similar results were 
obtained by Berrouschot et al. [11], Seok et al. [12] 
and Bernstein et al. [13]. A few other researchers 
observed a  lower percentage [13–16]. Howev-
er, there are also reports of a higher percentage 
of ASA resistance in patients with a  history of 
a  cerebrovascular episode, reaching as high as 
60% [17, 18]. The above-mentioned authors used 
different laboratory methods of platelet function 
assessment, which impairs the comparison of the 
study results. Numerous conducted studies show 
a  correlation between the results of platelet ag-
gregation obtained by the traditional method 
(optical aggregometry by Born) and by impedance 
aggregometry using a  multiple platelet function 
analyser [3, 4, 9]. The latter is much quicker, less 
laborious and does not require special preparation 
of the blood sample, hence decreasing the risk of 
the laboratory error. Therefore, it was chosen for 
the assessment of platelet function in this study. 

Table IV. Clinical characteristics of patients in various ASA response groups

Variable ASA re-
sponders 

(R)
(N = 121)

ASA partial 
responders 

(PR)
(N = 59)

ASA non-re-
sponders 

(NR)
(N = 18)

ASA partial 
responders 
and non-re-

sponders 
(PR + NR)
(N = 77)

Value of p*
R vs. NR

Value  
of p**
R vs.  

PR + NR

Female, n (%) 55 (45.5) 26 (44.1) 11 (61.1) 37 (48) 0.2
NS

0.7
NS

Male, n (%) 66 (54.5) 33 (55.9) 7 (38.9) 40 (51.9)

TIA, n (%) 23 (19) 9 (15.3) 1 (5.6) 10 (13) 0.3
NS

0.27
NS

Stroke, n (%) 98 (81) 50 (84.7) 17 (94.4) 67 (87)

ASA [75 mg], n (%) 19 (15.7) 12 (20.3) 6 (33.3) 18 (23.4) 0.2
NS

0.22
NS

ASA [150 mg], n (%) 102 (84.3) 47 (79.7) 12 (66.7) 59 (76.6)

Age, mean ± SD [years] 75.9 ±13 77.6 ±18.7 77.1 ±12.4 77.5 ±17.2 0.12
NS

0.23
NS

Body weight, mean ± SD [kg] 75.9 ±13 77.6 ±18.7 77.1 ±12.4 77.5 ±12.2 0.56
NS

0.70
NS

BMI, mean ± SD [kg/m2] 27.4 ±4.4 27.5 ±6.1 28.6 ±3.8 27.8 ±5.6 0.11
NS

0.57
NS

Heart rate, mean ± SD [bpm] 73.9 ±6.7 75.7 ±6.4 76.4 ±5 75.9 ±6.1 0.10
NS

0.03

Systolic blood pressure,  
mean ± SD [mm Hg]

134.4 ±11.1 133.2 ±11.2 137.9 ±12.5 134.3 ±11.7 0.21
NS

0.81
NS

Diastolic blood pressure, 
mean ± SD [mm Hg]

76.6 ±7 78.7 ±5.5 76.7 ±9 78.3 ±6.5 0.51
NS

0.13
NS

NIHSS, mean ± SD [points] 4.9 ±6.2 4.9 ±5.9 3.4 ±5.3 4.5 ±5.7 0.48
NS

0.98
NS

mRankin, mean ± SD [points] 1.8 ±1.5 1.9 ±1.4 1.6 ±1.2 1.8 ±1.4 0.66
NS

0.84
NS

TIA – transient ischaemic attack, BMI – body mass index, ASA – acetylsalicylic acid, NIHSS – National Institutes of Health Stroke Scale. 
*Bonferroni pairwise comparisons for proportions, Kruskal-Wallis post-hoc test. **χ2 test, Mann-Whitney U test.
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Literature data concerning the relationship be-
tween ASA resistance and ASA dose are ambigu-
ous. Some authors have reported a more frequent 
occurrence of ASA resistance in patients taking 

smaller doses of ASA [19, 20]. However, no con-
vincing evidence for the existence of such a cor-
relation was found in large randomized trials [21]. 
Our study did not demonstrate a relationship be-

Table V. Cardiovascular risk factors present in all the examined patients and various ASA response groups

Risk factor All pa-
tients

(N = 198)
n (%)

ASA 
responders 

(R)
(N = 121)

n (%)

ASA partial 
responders 

(PR)
(N = 59)

n (%)

ASA 
non-re-

sponders 
(NR)

(N = 18)
n (%) 

ASA partial 
responders 
and non-re-

sponders 
(PR + NR)
(N = 77)

n (%)

Value of 
p**

R vs. NR

Value of 
p***

R vs. PR + 
NR

Arterial 
hypertension

163 (82.3) 104 (85.9) 45 (76.3) 14 (77.8) 59 (76.6) 0.97
NS

0.13
NS

Coronary heart 
disease

59 (29.8) 39 (32.2) 14 (23.7) 6 (33.3) 20 (26) 0.99
NS

0.07
NS

Previous 
myocardial infarct

24 (12.1) 15 (12.4) 6 (10.2) 3 (16.7) 9 (11.7) 0.46
NS

0.76
NS

Diabetes mellitus 60 (30.3) 36 (29.7) 18 (30.5) 6 (33.3) 24 (31.2) 0.92
NS

0.60
NS

Dyslipidaemia 145 (73.2) 91 (75.2) 38 (64.4) 16 (88.9) 54 (70.1) 0.97
NS

0.70
NS

Atrial fibrillation 30 (15.2) 21 (17.4) 9 (15.3) 0 9 (11.7) 0.35
NS

0.28
NS

Current smoking 47 (23.7) 27 (22.3) 16 (27.1) 4 (22.2) 20 (26) 0.85
NS

0.47
NS

Overweight or 
obesity*

111 (56.1) 68 (56.2) 29 (49.2) 14 (77.8) 43 (55.8) 0.42
NS

0.58#

NS

*BMI > 25 kg/m2, **Bonferroni pairwise comparisons for proportions, ***χ2 test, #V2 test.

Table VI. Additional medications used in all the examined patients and various ASA response groups

Medication All pa-
tients

(N = 198)
n (%)

ASA 
responders 

(R)
(N = 121)

n (%)

ASA partial 
responders 

(PR)
(N = 59)

n (%) 

ASA 
non-re-

sponders
(NR)

(N = 18)
n (%) 

ASA partial 
responders 
and non-re-

sponders
(PR + NR)
(N = 77)

n (%) 

Value of  
p*

R vs. NR

Value of 
p**

R vs.  
PR + NR

Diuretic 66 (33.3) 42 (34.7) 22 (37.3) 2 (11.1) 24 (31.2) 0.25
NS

0.6
NS

ACE inhibitor 116 (58.6) 74 (61.2) 33 (55.9) 9 (50) 42 (54.6) 0.37
NS

0.36
NS

Angiotensin 
II receptor 
antagonist

16 (8) 6 (5) 9 (15.3) 1 (5.6) 10 (13.0) 0.63
NS

0.04#

Calcium 
antagonist

45 (22.7) 29 (24.0) 10 (16.9) 6 (33.3) 16 (20.8) 0.59
NS

0.30
NS

b-Blocker 78 (39.4) 49 (40.5) 23 (40) 6 (33.3) 29 (37.7) 0.56
NS

0.69
NS

Nitrate 31 (15.6) 15 (12.4) 12 (20.3) 4 (22.2) 16 (21) 0.95
NS

0.11
NS

Statin 132 (66.7) 84 (70) 35 (59.3) 13 (72.2) 48 (62.3) 0.93
NS

0.32
NS

Fibrate 7 (3.5) 6 (5.0) 1 (1.7) 0 1 (1.3) 0.50
NS

0.35##

NS

Proton-pump 
inhibitor

30 (15.2) 22 (18.2) 4 (6.8) 4 (22.2) 8 (10.4) 0.99
NS

0.13
NS

ACE inhibitor – angiotensin converting enzyme inhibitor. *Bonferroni pairwise comparisons for proportions. **χ2 test, #V2 test, ##Yates test.
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tween ASA dose and the resistance phenomenon 
either. 

Similarly to the majority of researchers, we did 
not observe a  relationship between ASA resis-
tance and type of ischaemic stroke, neurological 
status and functional status of patients [11, 12]. 
Only Englyst et al. reported the more frequent oc-
currence of resistance in patients with diagnosed 
lacunar stroke and in patients with a more severe 
course of the disease [22].

We found no correlation between platelet func-
tion and the gender of patients. Similar reports were 
presented by Berrouschot et al. [11] and Zytkiewicz 
et al. [14]. In a few reports ASA resistance was more 
frequently found in female patients [3, 23].

We did not observe a correlation between ASA 
resistance and age, similarly to the results of some 
other authors [11, 14]. However, this contrasts with 
the observations of other researchers, since in 
their studies the elderly more often showed the 

Table VII. Laboratory results (mean ± SD) in all the examined patients and various ASA response groups

Test All pa-
tients

(N = 198)

ASA re-
sponders

(R)
(N = 121)

ASA partial 
responders

(PR)
(N = 59)

ASA 
non-re-

sponders
(NR)

(N = 18)

ASA partial 
responders 
and non-re-

sponders
(PR + NR)
(N = 77)

Value of p*
R vs. NR

Value of 
p**

R vs.  
PR + NR

Erythrocytes  
[106/μl]

4.6 ±0.6 4.5 ±0.6 4.7 ±0.5 4.5 ±0.7 4.7 ±0.5 0.99
NS

0.13
NS

Haematocrit [%] 40.0 ±5.4 39.6 ±4.5 40.9 ±7 39.9 ±5.1 40.7 ±6.7 0.88
NS

0.03

Haemoglobin 
[g/dl]

13.8 ±1.6 13.7 ±0.6 14.2 ±1.5 13.3 ±2.5 14 ±1.8 0.40#

NS
0.06
NS

Leukocytes  
[103/μl]

8.7 ±7.1 9 ±8.9 8.1 ±2.7 8.7 ±2.9 8.3 ±2.7 0.57
NS

0.77
NS

Platelets [103/μl] 244.6 ±78.3 242 ±73.4 245.6 ±84 259.9 ±94.9 248.9 ±86 0.90
NS

0.66
NS

APTT [s] 29.2 ±3.7 29.2 ±3.7 29.5 ±3.8 28.5 ±3 29.2 ±3.6 0.83
NS

0.85
NS

INR 1.1 ±0.2 1 ±0.1 1.2 ±0.3 1 ±0.1 1.1 ±0.3 0.77
NS

0.25
NS

Total cholesterol 
[mmol/l]

5.2 ±1.2 5.2 ±1.2 5 ±0.9 5.5 ±1.7 5.1 ±1.2 0.18
NS

0.93
NS

LDL [mmol/l] 3.2 ±1 3.2 ±1 2.9 ±0.9 3.8 ±0.9 3.2 ±1 0.02 0.99##

NS

HDL [mmol/l] 4.1 ±2.5 1.4 ±0.5 1.5 ±0.5 1.3 ±0.3 1.4 ±0.4 0.75
NS

0.49
NS

Triglycerides 
[mmol/l]

1.4 ±1.0 1.4 ±0.9 1.5 ±0.4 1.5 ±0.9 1.5 ±1.3 0.87
NS

0.88
NS

Fasting glucose 
[mg/dl]

124.2 ±51.1 125.9 ±49.3 123.8 ±60 113.5 ±29.2 121.3 ±54.3 0.39
NS

0.45
NS

HbA
1c [%] 6.3 ±1.3 6.2 ±0.8 6.5 ±2.1 6.1 ±0.9 6.4 ±1.9 0.66

NS
0.55
NS

CRP [mg/l] 14.1 ±21.7 13.4 ±21.2 16.6 ±25 10.8 ±12.1 15.3 ±22.7 0.46
NS

0.63
NS

ALT [U/l] 24.3 ±19.4 23.9 ±17.8 22.5 ±15.4 21.9 ±9.5 22.4 ±14.3 0.67
NS

0.82
NS

AST [U/l] 27.3 ±15.8 29 ±22.4 28.5 ±17.6 22.7 ±5.8 27.3 ±16 0.81
NS

0.98
NS

Bilirubin [mg/l] 12.6 ±5.6 12.3 ±5.4 12.8 ±5.8 13.1 ±7.4 12.9 ±6 0.81
NS

0.79
NS

Creatinine [mg/l] 83.1 ±31.1 84.8 ±30 83.4 ±36.2 68.1 ±15.6 79.8 ±33 0.24
NS

0.23
NS

APTT – activated partial thromboplastin time, INR – international normalized ratio, LDL – low-density lipoproteins, CRP – C-reactive protein, 
HbA

1c
 – glycated haemoglobin A

1c
, HDL – high-density lipoproteins, ALT – aspartate aminotransferase, AST – alanine aminotransferase. 

*Kruskal-Wallis post-hoc test, **Mann-Whitney U test, #post-hoc LSD test, ##T test.
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lack of an anti-aggregatory response to ASA and 
required the administration of higher doses to 
achieve this effect [12, 23, 24]. 

We did not find a relationship between abnormal 
platelet function and overweight or obesity, similar-
ly to Zytkiewicz et al. [14]. Some researchers have 
observed excessive platelet activity and decreased 
sensitivity to ASA in obese patients, especially those 
diagnosed with the metabolic syndrome [16, 25]. 

We found a  relationship between LDL choles-
terol concentration and the occurrence of ASA 
resistance, which is also consistent with the med-
ical literature. Friend et al. observed in 69% of pa-
tients with hyperlipidaemia an ineffective platelet 
response to ASA [26]. Karepov et al. noted a rela-
tionship between the lack of anti-aggregation and 
triglyceridaemia despite ASA intake [16]. 

The results of some experimental studies show 
the significant influence of hyperglycaemia on 
platelet function since hyperglycaemia results in 
increased prothrombotic condition and proinflam-
matory functions promoting atherosclerosis and 
acute vascular episodes by the induction of plate-
let activation and expression of tissue factor in 
monocytes. Hyperglycaemia can also be related to 
decreased sensitivity to ASA [12, 27]. In our study, 
we did not confirm the reports of other authors 
concerning the influence of carbohydrate disorders 
on platelet function in patients who take ASA [28]. 

Similarly to Macchi et al. [29], we did not con-
firm the relationship between ASA resistance and 
smoking, which was reported by some authors [3].

We observed that angiotensin II receptor block-
ers were significantly more often taken by pa-
tients with decreased sensitivity and resistance 
to ASA. In the available literature such a relation-
ship has not been reported before. Also, in this 
study platelet aggregation was better in patients 
taking fibrates, but the group of patients treated 
with fibrates was small (n = 7). In the available 
literature there are no reports regarding interac-
tions between ASA and fibrates. There are, how-
ever, reports concerning the influence of statins 
on platelet function. Statins reduce the proba-
bility of the occurrence of ASA resistance, which 
may be related to the reduction in cholesterol 
level [30]. Some authors also reported a relation-
ship between the effects of antiplatelet therapy 
and the intake of non-steroid anti-inflammatory 
drugs (NSAIDs) (mainly ibuprofen), calcium chan-
nel blockers, selective serotonin reuptake inhibi-
tors, proton-pump inhibitors, ACE inhibitors and 
b-blockers [12, 31–36]. Such relationships were not 
confirmed in our study. 

The relationship between the anti-aggregatory 
ASA effect and the time of ASA intake was also re-
ported in the literature. The majority of research-
ers noted a  higher percentage of ASA resistant 

patients in the group of patients taking this agent 
for a long time, which is consistent with our study 
results [13, 37].

In all patients blood was collected in the ear-
ly hours in the morning. Some authors reported 
that at this time ASA resistance is more frequent 
compared to the rest of the day. Excessive platelet 
activation can be related to catecholamine release 
in the morning [38]. This phenomenon indirectly 
explains the relationship between the lack of an-
ti-aggregatory ASA action and higher heart rate, 
which was observed in this study and by a  few 
other researchers [15].

The relationship between ASA resistance and 
high haematocrit, which was observed in our 
study, is also consistent with the data in the lit-
erature [39].

As the literature data indicate, patient non-com-
pliance is an important factor which limits the ef-
fect of ASA [40]. This factor was eliminated in the 
group of patients in the acute phase of ischaemic 
stroke because all patients took ASA during their 
hospitalization under the control of the nurse. In 
the group of patients treated chronically, the reg-
ularity of ASA intake was determined on the basis 
of the carefully obtained medical history. 

In conclusion, the applied method resulted in 
detecting the phenomenon of ASA resistance in 
some patients with TIA and ischaemic stroke (both 
in acute and chronic phases). The study revealed 
some possible risk factors of ASA resistance: lon-
ger duration of ASA therapy, increased heart rate, 
higher LDL concentration, and higher haematocrit 
value. The relationship between resistance to ASA 
and the intake of some medications (such as an-
giotensin II receptor blockers, diuretics, fibrates) 
requires further study. Platelet function monitor-
ing should be considered in patients at a greater 
risk of ASA resistance.
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