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A b s t r a c t

Introduction: Aspirin is still widely used in treatment and prevention of cardiovascular diseases. To predict which 
patients cannot benefit from aspirin due to aspirin resistance remains a great clinical challenge.
Material and methods: Fifty one acute stroke/transient ischemic attack (TIA) patients (ASG) with a history of regular 
aspirin intake for the previous 7 days or more were included to the study within 24 hours of symptoms onset. Twenty 
nine patients admitted to our department for other reasons were the controls (CG). Each patient underwent routine 
blood tests (white blood cells, platelets, total cholesterol, C-reactive protein) and additional blood test: glycated hae-
moglobin (HbA1c), insulin, and N-terminal prohormone of brain natriuretic peptide (NT-proBNP). Biochemical aspirin 
resistance was measured using the VerifyNow Aspirin platelet function analyzer.
Results: There were 9 aspirin resistance patients in ASG (17.5%) and 3 in CG (10.3%) (p = 0.38). There were no dif-
ferences in either age or gender between those groups. Twelve aspirin-resistant patients differed from aspirin non- 
resistant patients in age, NT-proBNP and total cholesterol levels (univariate model, p = 0.004, 0.04, 0.02, respectively).  
In a multivariate model patients aged 76 years and more would likely to be aspirin resistant with odds ratio = 9  
(95% confidence interval: 1-78).
Conclusions: Patients aged 76 and more can be more likely aspirin resistant than younger patients. We believe that 
especially in the elderly with congestive heart failure there is a strong need for further investigations in this field, 
including searching for alternative antiplatelet therapies.
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Introduction

Aspirin still plays a  crucial role in secondary 
stroke prevention reducing the risk of recurrent 
stroke by around 22% [2] and may be even as effec-
tive as intravenous thrombolysis in managing of 
acute ischemic stroke with minor non-disabling neu-
rologic deficits [14]. The term “aspirin resistance” 
widely used in the literature is difficult to define 

and encompasses clinical, pathophysiologic and bio-
chemical resistance. Some authors emphasize that 
despite aspirin resistance is common, poor compli-
ance may account for nearly half of cases of appar-
ent aspirin “failure” [6]. Other findings highlight 
that laboratory aspirin resistance due to insufficient 
platelet inhibition is relatively uncommon, whereas 
pathophysiologic resistance, signifying the presence 
of aetiologies that cannot be effectively treated 
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with aspirin, mainly contribute to clinical aspirin 
resistance in ischemic stroke [1,26]. The results 
of many published studies may seem conflicting 
and the mechanisms are not fully understood, but 
multi factorial aetiology of aspirin resistance is con-
sidered to be undisputed. Which patients cannot 
benefit from aspirin – this question still remains the 
greatest clinical challenge in this field. Biochemical 
aspirin resistance in acute ischemic stroke may be 
associated with short- and long-term mortality [18], 
increased stroke severity and infarct size [17,29].  
It may also predict an early neurological deteriora-
tion [4] and unfavourable functional outcome in 
acute ischemic stroke patients [24]. As a  broadly 
defined aspirin resistance phenomenon may possi-
bly affect treatment of millions worldwide we set up 
our prospective pilot study. The goal of our study was 
to define frequency of biochemical aspirin resistance 
in acute stroke patients and to find out which other 
factors, especially of those measured in routine prac-
tice may be associated with this phenomenon. We 
also hoped to set up proper methods for this kind 
of the study as we wish to perform a study covering 
a  larger group of patients in the future. We believe 
this could help in distinguishing patients who are in 
need of alternative antiaggregant therapies.

Material and methods

The study protocol was approved by the local 
Bioethics Committee at the Centre of Postgraduate 
Medical Education in Warsaw. Acute stroke patients 
and transient ischemic attack (TIA) patients with 
a  history of regular aspirin intake for the previous 
7 days or more, in dosage of 75-300 mg per day, 
consecutively admitted to our department were 
included to the study within 24 hours of symptoms 
onset. Although an antiaggregant effect of aspirin 
develops rapidly after the drug had been introduced, 
we set up 7 days’ regular aspirin intake cut-off as 
acute stroke patients usually stay around 7 days in 
the acute stroke department and measuring aspirin 
biochemical resistance after 7 days of proven intake 
in the acute stroke department, could be an inter-
esting study for the future. Patients admitted to our 
department for reasons other than acute neurolog-
ical symptoms who declared regular aspirin intake 
for the previous 7 days or more were included to the 
control group. Patients on dual antiplatelet therapy 
were not enrolled to the study. Each patient under-

went computed tomography (CT) scan of the brain, 
routine blood tests (including white blood cells, 
platelets, total cholesterol, C-reactive protein – CRP) 
and additional blood test: glycated haemoglobin 
(HbA1c), insulin, the N-terminal prohormone of brain 
natriuretic peptide (NT-proBNP). Biochemical aspi-
rin resistance was measured using the VerifyNow 
Aspirin platelet function analyzer. Two samples of  
2 ml blood were taken using the vacuum system.  
The first sample was disposed in order to exclude 
artificial mechanical platelet damage, the second 
blood sample was examined. Arachidonic acid-in-
duced platelet aggregation had been quantitated in 
Aspirin Reaction Units (ARU). ARU ≥ 550 indicated 
aspirin resistance (according to the manufacturer’s 
insert).

Results

Eighty patients were included to the study, fifty 
one patients to the acute stroke/TIA group (ASG) 
and 29 patients to the control group (CG). There was 
no statistically significant difference either in age 
between those groups (Student’s t-test, p = 0.08) or 
in gender (χ2 test, p = 0.91). There were nine aspi-
rin resistance patients in ASG (17.5%) and three in 
CG (10.3%). There was no statistically significant 
difference in the prevalence of aspirin resistance 
between those groups (Student’s t-test, p = 0.38). 
In the whole study group (80 patients), 12 patients 
appeared to be aspirin resistant (AR), whereas 68 pa-
tients – aspirin non-resistant (ANR).

Characteristics of aspirin-resistant vs. aspirin 
non-resistant patients has been shown in Table I.

There was a statistically significant difference in 
age between AR and ANR group (Student’s t-test,  
p = 0.004), but no statistically significant difference 
in gender (χ2 test, p = 0.66). The AR group also dif-
fered from the ANR group in total cholesterol levels 
(Mann-Whitney test, p = 0.02) and NT-proBNP lev-
els (Mann-Whitney test, p = 0.04). No statistical-
ly significant differences were found in CRP levels 
(Mann-Whitney test, p = 0.98), white blood cells 
levels (Mann-Whitney test, p = 0.56), insulin levels 
(Mann-Whitney test, p = 0.28), HbA1c % (Mann-Whit-
ney test, p = 0.66) and platelets levels (Mann-Whit-
ney test, p = 0.56).

Three variables which differed the AR group 
from the ANR group (age, total cholesterol level, 
NT-proBNP level) were included in the logistic regres-
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sion model (stepwise method, forward Wald). Age 
appeared to be the only significant variable in this 
model – patients aged 76 years and more would 
likely to be aspirin resistant with odds ratio (OR)  
= 9.95% confidence interval (CI) for OR range 1-78.

Discussion

The prevalence of aspirin resistance varies from 
study to study, ranging from about 5% to 60% 
[9,15,28]. A meta-analysis of 52 full-text studies cov-
ering 8364 ischemic stroke/TIA patients on aspirin or 
clopidogrel revealed that the prevalence of high on- 
treatment of platelet reactivity to aspirin is 23% [8]. 
In our study the prevalence of aspirin resistance 
among acute stroke patients was 17.3%. However, 
platelet reactivity to aspirin can change over time in 
a significant proportion of patients, therefore single 
platelet activity measurements may not be reliable 
and serial ARU measurement may identify acute 
stroke patients who are at higher risk of vascular 
events [2]. Moreover, aspirin biochemical resistance 
may decrease with a  higher aspirin dose [10,25]. 
About 20% differences in aspirin biochemical resis-
tance occurrence might be observed when mea-
suring in either hospital or ambulatory conditions 
[20]. Sabra et al. also observed that many patients 

receiving low-dose aspirin met the criteria of aspi-
rin resistance but the prevalence was much lower at  
3-5 days of inpatient aspirin treatment [20]. The find-
ings of this study [20] as well as of the study from 
El-Mitwalli et al. [7] also highlight the aspirin “pseu-
do resistance” phenomenon due to medication non-
compliance. A variety of platelet activation tests and 
a lack of its standardization is a separate issue.

In our study there was no statistically significant 
difference in gender between aspirin responders 
and aspirin non-responders, whereas several studies 
showed less effective inhibition of platelet aggrega-
tion by aspirin in women, and this was believed to 
be caused by the influence of female sex hormones 
[23,30]. However there are also data suggesting aspi-
rin resistance may be more frequent in males [7]. 
Older age (76 years and more) was the only variable 
statistically significant factor in the logistic regression 
model in our study. These results might be supported 
by results of some other studies. In the study of Suan-
prasert et al. [23], older patients (64.8 years) were 
likely to be aspirin resistant than younger patients 
(61.3 years) with p = 0.049. Univariate analysis by 
Seok et al. [21] also revealed (using VerifyNow Aspirin 
Assay) that older age is related to aspirin resistance 
(67.6 ±9.3 years vs. 58.3 ±11.5 years with OR 1.07 per 

Table I. Characteristics of aspirin-resistant vs. aspirin non-resistant patients

Parameter AR ANR p-value

Number of patients 12 68

Mean ARU (units) 591.5 ±44.0 453.2 ±44.3 0.0001

Median ARU (units) 582 537.5

Mean age (years) 80.1 ±7.0 72.2 ±10.3 0.004

Median age (years) 82 75.5

Number of women 7 35 0.66

Mean total cholesterol (mg/dl) 147.2 ±26.9 171 ±41.5 0.02

Median total cholesterol (mg/dl) 133 167

Mean NT-proBNP (pg/ml) 1201 ±1181.3 834.7 ±1371.4 0.04

Median NT-proBNP (pg/ml) 704 319

Mean CRP (mg/l) 10.9 ±18 12.4 ±29.5 0.98

Median CRP (mg/l) 7 7

Mean insulin (µIU/ml) 12.9 ±12.2 20.4 ±24.0 0.28

Median insulin (µIU/ml) 9.4 11.7

Mean HbA1c % 6.1 ±0.9 6.3 ±1.0 0.66

Median HbA1c % 5.9 6

Mean platelets (× 109/l) 214.0 ±45.2 225.7 ±65.9 0.56

Median platelets (× 109/l) 219.5 213.5

AR – aspirin-resistant patients, ANR – aspirin non-resistant patients, ARU – aspirin resistance units, NT-proBNP – N-terminal prohormone of brain natriuretic 
peptide, CRP – C-reactive protein, WBC – white blood cells, HbA1c – glycated haemoglobin



274 Folia Neuropathologica 2021; 59/3

Michał Morton, Katarzyna Kubiak-Balcerewicz, Anna Sarnowska, Urszula Fiszer

1-year increase, 95% CI: 0.97-1.17, p = 0.01). How- 
ever, in the study covering 21 stroke patients identi-
fied as primary aspirin non-responders, there were no 
significant differences between aspirin responders 
and aspirin non-responders concerning age, gender, 
risk factors and stroke characteristics [3]. No associ-
ation between platelet aggregation and age, gender, 
dose of ASA has been also found in the study on type 2 
diabetes mellitus patients [16]. The history of cur-
rent smoking (p = 0.03), the mean total cholesterol  
(p = 0.02), LDL concentration (p = 0.005), white 
blood cells (p = 0.03), haematocrit (p = 0.01) and 
platelet level (p = 0.05) were significantly higher in 
aspirin non-responders in this study [16]. Aspirin 
non-responders were treated shorter with aspirin 
than responders (p = 0.01) [16]. Those results are 
in conflict with the results of our study suggesting 
that lower total cholesterol levels may be associated 
with aspirin resistance, and that white blood cell and 
platelet levels are not associated with aspirin resis-
tance. However, those differences might be caused 
by the fact that 9 of our 12 aspirin-resistant patients 
had acute neurological symptoms, and many of 
them were not diabetic. Worse control of diabetes 
and higher baseline levels of inflammation (mean 
CRP 26.4 ±56.0 vs. 9.3 ±21.0, p < 0.01) were main 
determinants for the antiplatelet drug resistance [5]. 
Our study revealed that CRP level does not differ 
between aspirin resistant and aspirin non-resistant 
patients, which could be supported by the results of 
some other studies [11,12]. Habizal et al. [11] also 
revealed that HbA1c levels do not differ between 
aspirin resistant and aspirin non-resistant patients, 
and so did we. Hypertriglyceridemia may also affect 
platelet response to aspirin [13,22], as well as high 
total cholesterol/HDL ratio [19]. High levels of LDL 
and diabetes have been found to be independent 
risk factors for aspirin resistance and aspirin semi- 
resistance in Chinese stroke patients [27]. We found 
NT-proBNP to be a significant variable in the univar-
iate model. In the study of Fong et al. [9], patients 
with congestive heart failure and those with higher 
haemoglobin A1c values had a significantly greater 
likelihood of having a  biochemical nonresponse to 
aspirin therapy.

Conclusions

The results of our pilot study suggest that 
patients aged 76 and more have greater possibili-

ty to be aspirin resistant than younger patients. We 
believe that especially among elderly patients with 
congestive heart failure, there is a  strong need of 
further investigations in this field, including search-
ing for alternative antiplatelet therapies.
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