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AbstrAct
background. Aspirin is an antiplatelet used for the secondary prevention after vascular events. It is also suggested 
for the primary prevention of vascular events in high risk people, however, despite using standard prophylactic 
doses, aspirin resistance may result in therapeutic failure and arterial thrombosis. Since the prevalence of aspirin 
resistance and its associated factors were heterogeneous in different studies, this study was conducted to deter-
mine the prevalence and associated factors of aspirin resistance in an Iranian population under aspirin for primary 
prevention of vascular events. 
Methods. 264 patients without documented vascular disease with 80 mg daily aspirin consumption for at least one 
month enrolled in this cross-sectional study. Aspirin resistance was assessed by the measurement of thromboxane 
B2 in the urine samples using the enzyme-linked immunosorbent assay method. Aspirin resistance was defined as 
a urine level of thromboxane B2 ≥ 1700 ng/dl. 
results. The prevalence of aspirin resistance in this study was 9.8%. Age (OR = 0.935, 95% CI: 0.880-0.993, 
P = 0.028) and geographical regions (OR = 0.117, 95% CI: 0.014-0.958, P = 0.045) showed independent correlation 
with aspirin resistance. No significant association observed between aspirin resistance and gender, diabetes melli-
tus, hypertension, hyperlipidemia, smoking, duration of aspirin use, body mass index, and drug history. 
conclusions. Despite the standard daily dose of aspirin for primary prevention of vascular events, some of our 
patients exhibited aspirin resistance that was directly related to a higher age and geographical region. More studies 
are required to clarify the beneficial role of aspirin resistance test before planning a preventive strategy in high risk 
individuals. 
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INtrODUctION

cardiovascular and cerebrovascular disease are 
listed as the primary causes of death and disability 
globally (1). in addition to activation of coagula-
tion system and thrombus formation, the inflam-
matory mechanisms have an essential role in the 
pathogenesis of acute arterial thrombosis and ag-
gravation of tissue damage. Along with modifica-
tion of conventional risk factors of vascular dis-

ease (e.g. diabetes mellitus), targeting inflammation 
have been also proposed for the prevention of 
thrombotic vascular events (2). Platelets have been 
recognized as a major player of both coagulation 
and inflammation interconnecting the two systems 
in health and disease (3). this explains the role of 
daily low dose aspirin in the primary and second-
ary prevention of cardiovascular disease (4).  
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Aspirin and non-steroidal anti-inflammatory 
drugs have been available for decades to relieve 
pain and inflammation (5). Aspirin irreversibly in-
hibits and modifies enzyme activity of cyclooxy-
genase (cOX) (6). cOX is an enzyme that con-
verts arachidonic acid into prostaglandin H2, the 
major precursor of prostacyclin and thromboxane 
A2 (tXA2). Prostacyclin contributes to platelet 
disaggregation, anti-inflammation, adjustment of 
smooth muscle cell contraction and vasodilation. 
On the contrary, tXA2 that is produced largely by 
the platelets is a vasoconstrictor and facilitates 
platelet aggregation (7). the anti-thrombotic effect 
of aspirin is due to irreversible inhibition of tXA2 
production for the entire half-life of platelets about 
8 to 10 days (8). A low-dose aspirin (50 and 100 
mg/day) almost completely inhibits production of 
tXA2 by cOX-1 (9) and in high risk patient for 
vascular events aspirin shown to reduce risk of se-
rious vascular events up to 25% (10). However, 
not all individuals are completely responsive to 
therapy and develop vascular events while con-
suming standard daily dose of aspirin. this treat-
ment failure is the clinical definition of aspirin re-
sistance but there are also laboratory definitions 
described as inability of aspirin to cause platelet 
dysfunction or inability to inhibit tXA2 produc-
tion by cOX-1 (11). Prevalence of aspirin resist-
ance in various populations using different labora-
tory methods was heterogeneous and reported up 
to 70% (12). Associated factors with aspirin resist-
ance are also varied in different reports and the 
most prevalent reported factors are noncompli-
ance, patients’ clinical conditions, drug interac-
tions, genetic polymorphism in contributing genes 
such as cOX-1 and cOX-2 (13-15). 

Different methods have been introduced to di-
agnose aspirin resistance including light transmis-
sion aggregometry with arachidonic acid or aden-
osine diphosphate, platelet function analyzer test, 
Verifynow Aspirin test, thromboelastography and 
measurements of serum and urine tXB2 metabo-
lites (16,17). Serum tXA2 is mainly produced by 
platelets and rapidly hydrolyzes to its inactive me-
tabolite tXB2 with a long half-life and is easily 
excreted into the urine. Since the kidney does not 
produce tXB2 therefore it is a reliable indicator of 
tXA2 production (18,19). Measurement of uri-
nary tXB2 metabolite, 11-dehydrothromboxane 
B2 (11dhtxB2) levels with 62.2% sensitivity and 

82.2% specificity is a standard method to evaluate 
the aspirin resistance (16). 

Because of the importance of aspirin resistance 
and the variation of its prevalence and associated 
factors in different studies, the purpose of this 
study is to assess the prevalence of aspirin resist-
ance among subjects without a history of vascular 
events under aspirin for primary prevention. We 
also aimed to evaluate the associated factors in-
cluding the demographic variables, comorbidities, 
concomitant drugs in the population from the gui-
lan Province in the north of iran.

MAtErIAL AND MEtHODs 

Participants and study design

this cross-sectional study was approved by the 
ethics committee of the guilan University of 
Medical Sciences (ethics code: ir.gUMS.
rec.1396.97). 264 patients who were under 80 
mg daily aspirin for at least one month consecu-
tively recruited to the study from neurology clinics 
affiliated with the Guilan University of Medical 
Sciences. All the subjects were given written in-
formed consent before participating in the study. 
none of the subjects had a history of taking other 
anti-platelets, anticoagulants or non-steroidal an-
ti-inflammatory drugs (NSAIDs) in the recent 10 
days. included patients were using aspirin for pri-
mary prevention without history of stroke, myo-
cardial infarction or any vascular thrombotic event. 
Patient with liver and renal failure were excluded 
from the study. History of hypertension, diabetes 
mellitus, hyperlipidemia, and smoking were docu-
mented for each subject. concomitant drug history 
was taken from all patients and drugs that were 
used regularly documented for each patient. Other 
documented variables were age, sex, body mass 
index (BMi), duration of aspirin intake (year). to 
decrease the impact of genetic polymorphism in 
the platelet glycoproteins and cOX genes that 
have been associated with aspirin resistance 
(20,21) geographical regions of guilan province 
were categorized into center, east, west, south and 
north and the subjects distributed in each group if 
both parents were belonged to the same region. 

sample size 

Akay OM et al. (22) estimated 27.5% preva-
lence for aspirin resistance in healthy subjects 
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(22). With the accuracy of 0.06 and the type 1 error 
0.05, the sample size was calculated to be 213. 
Considering five persons for each variable, the 
number of 263 was determined.

n= (Z1-α/2)
2 [p (1-p)]/d2

 

n = 
  
= 212.75 = 213

Measurement of urinary 11dhtXb2

First morning urine samples were stored in 
-80°c until analysis, and urine level of 11dhtXB2 
was determined using commercially available 
eliSA kits (eAStBiOPHArM, USA), and the 
11dhtXB2 levels were normalized to urinary cre-
atinine level. Aspirin resistance was defined urine 
level of 11dhTXB2 ≥ 1700 ng/dl based on the defi-
nition in the laboratory kit.

Data analysis 

Mean ± standard deviation of continuous varia-
bles was calculated and Student’s t tests were used 
for analysis of normal variables. non-normal vari-
ables were analyzed using Mann-Whitney U test. 

the chi-squared test and Fisher’s exact tests ap-
plied for the analysis of proportions of categorical 
variables. logistic regression model was used to 
examine prediction of aspirin resistance by age, 
BMi, and region. Statistical analysis was per-
formed using the SPSS statistical analysis software 
v.16.0 (SPSS, chicago, illinois, USA) and statisti-
cal significance of P ≤ 0.05 was applied to all tests.

rEsULts

total 264 subjects with at least one month of 80 
mg aspirin usage were included in the study. the 
average age of subjects was 62±11.75 years (39-90 
years), including 109 men (41%) and 155 women 
(51%). the frequency of aspirin resistance in study 
population was 9.8% (26 subjects). table 1 shows 
the characteristics of the subjects and the frequen-
cy of aspirin resistance for each group.  

the average age of patients with aspirin resist-
ant was 69.8±9.8 years and they were significantly 
older than non-resistant patients with average age 
of 61.7±11.7 (p = 0.024). the average of BMi was 
24.9±3.7 in aspirin resistant group and 26.5±5 in 

TABLE 1. Baseline characteristics of study participants 
Total number

N (%)
Resistant to aspirin

N (%) p-value

Gender male 109(41%) 8 (7.3%) 0.43
female 155(59%) 18 (11.6%)

 
Age  

< 55 years 70(26%) 2 (2.9%) 0.231
55-65 years 94(36%) 10 (10.6%)
≥ 65 years 100(38%) 14(14%)

 
Body mass index (BMI) 

BMI<25 119(45%) 16 (13.4%) 0.161
25≤BMI<30 96(36%) 10 (10.4%)
BMI≥30 49(19%) 0 (0%)

Diabetes mellitus yes 126(48%) 12 (9.5%) 1.000 
(Fisher’s exact test)no 138(52%) 14 (10.1%)

Hyperlipidemia yes 118(45%) 10 (8.5%) 0.431 
(Fisher’s exact test)no 146(55%) 16 (11.0%)

Hypertension yes 189(71%) 18(9.5%) 0.175
no 75(29%) 7(9.4%)

Smoking yes 31(12%) 2(6.4%) 1.000 
(Fisher’s exact test)no 24 (10.3%)

 
Geographical Distribution in 
Guilan Province (Region) 

Center 91(34%) 2 (2.2%) 0.026
East 42(16%) 4 (9.5%)
West 46(17%) 10 (21.7%)
South 33(13%) 0 (0%)
North 52(20%) 10 (19.2%)

 
Duration of taking aspirin (year)

Less than 1 year 47(18%) 47(100%) 0.289
1-5 years 138(52%) 120(87%)
5-10 years 51(19%) 47 (92.2%)
Over 10 years 28(11%) 24 (85.7%)

 N – number
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non-resistant without significant difference be-
tween groups (p = 0.286). Age and BMi of sub-
jects were subcategorized that showed in table 1. 
No significant difference existed between frequen-
cy of aspirin resistance and diabetes mellitus, hy-
perlipidemia, hypertension, smoking, and duration 
of aspirin consumption.

table 1 shows the distribution of the individu-
als based on their geographical regions and the fre-
quency of aspirin resistance in each group and the 
results showed a significant difference between the 
groups (p = 0.026). Most of the patients were from 
center (34% of total number) but they showed 
2.2% aspirin resistance however, patients from 
west had lower frequency (17% from total pa-
tients) they showed 21.7% aspirin resistance which 
was significantly higher than other groups. 

table 2 shows the resistance to aspirin based on 
concomitant drug history while none of the drugs 
was significantly related to aspirin resistance.

TABLE 2. Frequency of aspirin resistance according to 
drug usage

Drug groups Frequency of aspirin 
resistance

Total drug 
users 
(N)

P value

Drug 
users

%

Non-drug 
users

%
BB 9.3% 10.1% 86 1.000
CCB 12.5% 9.5% 32 0.658
ARB 10.4% 9.5% 96 1.000
ACEi 9.5% 9.9% 21 1.000
Cholesterol 
lowering drug 11.7% 7.9% 137 0.563

Triglyceride 
lowering drug 11.8% 9.7% 17 0.574

Liver enzyme 
inhibitor 
anticonvulsants

0 10.2%
10 1.000

Liver enzyme 
inducing 
anticonvulsants

14.3% 9.6%
14 0.525

Glucose lowering 
drug 10.1% 9.7% 99 1.000

Nitroglycerin 14.3% 9.3% 28 0.629
N – number; BB – beta blocker; CCB – calcium channel blocker; ARB 
– angiotensin receptor blocker; ACEi – angiotensin converting enzyme 
inhibitor

in multivariate regression analysis, variables 
with p-value less than 0.25 (region, age and BMi) 
entered the regression model. Finally, region (p = 
0.049) and age (p = 0.028) were independently 
correlated with aspirin resistance. the aspirin re-
sistance in people from out of the center was 8.3 
times higher than those from center (Or = 8.267, 

95% ci: 1.01-67.58). Moreover, with increasing 
age, aspirin resistance significantly increased 
about 1.070 folds each year (p = 0.028, Or: 1.070, 
95% ci: 1.007-1.137).

TABLE 3. Multivariate regression analysis and estimat-
ed odds ratio for variables affecting aspirin resistance

B SE Sig. Exp(B) 95% CI for Exp(B)
Lower Upper

age 0.068 0.031 0.028 1.070 1.007 1.137
BMI -0.073 0.072 0.311 0.929 0.807 1.071

region 2.112 1.072 0.049 8.267 1.011 67.576
Constant -8.555 3.475 0.014 0.000

BMI – body mass index; SE – standard error; CI – confidence interval

DIscUssION

the frequency of aspirin resistance among 
prophylactic aspirin users was 9.8% in this study. 
gender, diabetes mellitus, hyperlipidemia, hyper-
tension, smoking, duration of aspirin consumption 
and BMi showed no association with aspirin re-
sistance. Age and geographical region were inde-
pendently associated with aspirin resistance.

Most studies used inconsistent laboratory meth-
ods and populations with our study making it diffi-
cult to compare the results. However, we briefly 
review their results to show the prevalence of aspi-
rin resistance in different populations with stand-
ard but different doses of aspirin.

Salama et al. assessed aspirin resistance by op-
tical platelet aggregometry and serum tXB2 level 
in patients with coronary artery disease. Patients 
were under 150 mg daily aspirin and 22% of them 
were aspirin resistant higher than the prevalence 
observed in our subjects. With doubling the dose 
of aspirin in resistant patients to 300 mg daily en-
hanced therapeutic response was detected. Fur-
thermore, they reported a significant correlation 
between aspirin resistance and diabetes mellitus, 
obesity, and dyslipidemia that were inconsistent 
with our findings (17). Sadeghi et al. studied 170 
patients with coronary artery stenosis taking daily 
aspirin and using tXB2 level in urine and reported 
75.3% aspirin resistance in an iranian population 
in a different region from the present study (14). 
The significant difference between aspirin resist-
ance in Sadeghi study and our subjects may be 
highly related to the presence of coronary artery 
disease in their participants. According to previous 
studies prevalence of aspirin resistance was signif-
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icant among patients with stable coronary heart 
disease (up to 70%) and acute myocardial infarc-
tion (up to 80%) (23). 

liu et al. studied the prevalence of aspirin re-
sistance in 469 elderly patients with cardiovascu-
lar disease and metabolic syndrome receiving 75-
100 mg/d near to the dose of aspirin in our subjects, 
with the light transmission Aggregometry test. 
they reported that 8.1% of patients were aspirin 
resistant and metabolic syndrome was a significant 
risk factor (24). Another study by Akay et al. meas-
ured aspirin resistance by platelet aggregometry in 
280 healthy volunteers receiving 100 mg/d aspirin 
and 27.5% of patients were aspirin-resistant. Age, 
eSr, and HbA1c levels were higher in aspirin-re-
sistant individuals. in this study which measured 
aspirin resistance in a primary prevention popula-
tion the same as our study, resistance was higher 
than our study that could be mainly due to the dif-
ferent diagnostic test (22). One study by Azmin et 
al. on 50 patients with acute stroke who took 50 
mg of aspirin per day for 5 days before the test, 
showed a 14% resistance to aspirin. they also re-
ported that low HDl levels were associated with 
resistance to aspirin but no correlation existed be-
tween aspirin resistance and total cholesterol, tri-
glyceride, lDl, HbA1c and ASt, Alt, AlP, urea 
and creatinine levels in serum, and smoking (25). 
One study by Üsküdar cansu et al. evaluated the 
aspirin resistance among 175 healthy men who re-
ceived at least 7 days of 100 mg aspirin. A percent-
age of 28% of participants were resistant, 62% 
were semi-resistant, and 10% were susceptible to 
aspirin. Similar to our study they observed a sig-
nificant correlation with increasing age (26). Habi-
zal et al. studied 69 diabetic patients receiving dai-
ly aspirin and presented 17.4% for the prevalence 
of aspirin resistance, but the levels of HbA1c and 
inflammatory markers were not correlated with as-
pirin resistance (27). Another study of 130 non-di-
abetic and diabetic subjects conducted by toptas et 
al. showed resistance to aspirin in 41.9% of the 
diabetic patients and high blood cholesterol level 
was the only predictor of aspirin resistance (28). it 
seems that aspirin resistance in our population was 
lower than other studies and resistance to aspirin in 
most studies were between 10% and 25%. 

in the present study, the role of diabetes melli-
tus, hypertension, hyperlipidemia, age, sex, and 
duration of aspirin consumption were assessed. 

However, none of these factors affected aspirin re-
sistance. in the logistic regression analysis, the ef-
fect of three variables of age, BMi and region was 
studied, and finally, age and region remained as 
correlated factors. BMi was not correlated with as-
pirin resistance in our study whereas obesity (17) 
and metabolic syndrome (24) were associated with 
aspirin resistance in other studies.

As mentioned earlier, another factor examined 
in this study was the geographical region of indi-
viduals. it seems that people from the center of the 
guilan province were less resistant to aspirin than 
those from the other regions and people from the 
west showed higher resistance. However, the study 
was conducted in a small geographic area with ge-
netic similarities but the results have raised ques-
tions for further research on the genetic basis or 
other related factors to the observed difference. 
Considering the significantly different prevalence 
in another study from iranian population (14), 
more studies with consistent laboratory methods 
are needed to clear the contributing factors.

We have also investigated the relationship be-
tween concurrent drug consumption with aspirin 
that did not show any significant relationship with 
aspirin resistance. in agreement with our results, in 
a study on patients with recurrent ischemic stroke 
Pobas et. al. reported that neither hypertension nor 
antihypertensive drugs were associated with aspi-
rin resistance and they observed a 20.5% of aspirin 
resistance among the patients (29). in this study 
lipid and triglyceride lowering agents did not show 
relationship with aspirin resistance however in a 
study on 178 patients with stable coronary artery 
disease that 11.2% of them were resistant to aspi-
rin, 3 months of statin therapy significantly re-
duced aspirin resistance (30). the association of 
statins and lower prevalence of aspirin resistance 
was also observed by Al-Azzam and colleagues in 
a group of 418 patients with 18.7% aspirin resist-
ance (31). Feher et. al. also observed a significant 
role for concomitant drug use. they reported that 
users of beta-blockers and angiotensin converting 
enzyme inhibitors had a lower frequency of aspirin 
resistance while statin was more frequently used 
by patients with aspirin resistance. the logistic re-
gression model in their study showed that statin 
was the only drug predicting aspirin resistance 
(32). in conclusion, it seems that the inconsistency 
in the contributing factors with aspirin resistance 
also exists for drug history.  
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Our study has some limitations. We have as-
sessed aspirin resistance using urine tXB2 level 
with 62.2% sensitivity therefore the prevalence of 
aspirin resistance may have been underestimated. 
We performed the study with only one test and did 
not examine the results with another method while 
inconsistency between different methods has been 
detected (33). Moreover, we preformed the study 
once while evidence showed the unpredictability 
of aspirin resistance over time (33).   

cONcLUsIONs

the prevalence of aspirin resistance in our 
study although seems low yet is significant enough 
to pay attention. elevated age was related to higher 
aspirin resistance in our patients therefore older 
patients that are already at higher risk for arterial 

events might be good candidates to go under aspi-
rin resistance assessment in clinical practice. ther-
apeutic failure of antiplatelet agents is a complica-
tion that may result in serious vascular events and 
standard guidelines are required based on data 
from various populations. We believe that the re-
sults of this study have increased current data re-
garding the aspirin resistance and its associated 
factors. 
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