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Abstract

Objectives: Dual antiplatelet therapy with aspirin and a P2Y12 inhibitor is the mainstay of antithrombotic therapy after 
myocardial infarction and percutaneous coronary interventions (PCI). Despite chronic oral antiplatelet therapy, many 
atherothrombotic events continue to occur.  Several reports in the literature have shown possible relationships between 
residual platelet activity and clinical outcomes, raising the possibility that “resistance” to oral antiplatelet therapy may 
underlie such adverse events. In this study, we aimed to determine the prevalence of aspirin and clopidogrel resistance, 
and related factors. We also aimed to identify the predictors of reduced antiplatelet response among patients undergoing 
elective PCI for stable coronary artery disease (CAD). 

Materials and Methods: We retrospectively included patients who underwent an elective PCI with available 
aggregation inhibition test results. According to aggregation inhibition test results, patients were divided into two 
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Introduction 
Cardiovascular diseases are the number one cause 

of mortality and morbidity globally(1). The majority of 
cardiovascular diseases and their complications are of 
atherosclerotic origin(2). Platelets play a major role in 
atherosclerotic cardiovascular disease; thus, antiplatelet 
therapy is the key component in treating and preventing 
acute and chronic coronary syndromes. Dual antiplatelet 
therapy (DAPT) with aspirin and a P2Y12 inhibitor is 
the mainstay of antithrombotic therapy after myocardial 
infarction (MI) and percutaneous coronary interventions 
(PCI). Antithrombotic effects of aspirin have been known 
for more than fifty years(3-6). Aspirin decreases platelet 
aggregation by irreversibly blocking cyclooxygenase-1 
mediated thromboxane A2 syntheses, a potent platelet 
aggregation mediator and vasoconstrictor agent(7). 
P2Y12 receptor, the target of P2Y12 inhibitors, plays a 
key role in platelet activation and the amplification of 
arterial thrombus formation. The first P2Y12 inhibitor, 
clopidogrel, was the standard for DAPT until the newer 
molecules became available(8). The newer P2Y12 inhibitors 
ticagrelor and prasugrel, with their fast onset action and 
potent antiplatelet effects and proven superiority regarding 
MACE (major adverse cardiac event), got a higher class 
of recommendation over clopidogrel in acute coronary 

syndrome (ACS) guidelines leaving room for the use of 
the latter only in patients who cannot receive or have 
contraindications for the others and in those receiving 
thrombolysis(9-11). On the contrary, in stable coronary 
artery disease (CAD) patients undergoing PCI, DAPT 
consisting of clopidogrel and aspirin still has a class IA 
indication and is used in many patients(11). As there are 
no randomized controlled trials investigating the use of 
ticagrelor or prasugrel instead of clopidogrel in stable 
CAD patients undergoing PCI, these agents can only be 
used in selected patients, e.g., in those with unsatisfactory 
clinical results when using clopidogrel(11). In patients 
with atrial fibrillation, who undergo PCI, clopidogrel is 
the P2Y12 inhibitor of the triple therapy as the safety and 
efficacy data from randomized controlled trials (RCTs) for 
prasugrel and ticagrelor lack and as there are worrisome 
bleeding signals in registries(12,13). 

Still being used in a large number of patients, as 
mentioned above, clopidogrel’s disadvantage is its 
potentially variable efficacy. Despite chronic oral 
antiplatelet therapy, a number of atherothrombotic events 
continue to occur. Several reports in the literature have 
shown possible relationships between residual platelet 
activity, as measured with a variety of laboratory tests, 
and clinical outcomes, raising the possibility that 

subgroups: 1-aspirin resistant/low responders and responders 2-clopidogrel resistant/low responders and responders.

Results: Totally 470 patients with aggregation inhibition test results (all 470 for clopidogrel and 464 for aspirin) were 
included in the study. Three hundred sixty-eight of them were male (78, 3%). The aspirin resistance group’s mean age 
was 60.8±10.3 years, the clopidogrel resistance group’s mean age was 58.89±10.1 years, and the aspirin + clopidogrel 
resistance group’s age was 63.25±8.8 years. Overall, there were 164 patients with single (either aspirin or clopidogrel) and 
16 (3%) patients with double resistance. Hypertension, statin use, and platelet count were found as independent predictors 
of aspirin resistance. Hyperlipidemia, gender, and leucocyte count were found as independent predictors of clopidogrel 
resistance.

Conclusion: 8.1% and 26.8% of stable CAD patients undergoing elective PCI showed insufficient aggregation inhibition 
by aspirin and clopidogrel, respectively, whereas 3% had double resistance.

Keywords: Aspirin, clopidogrel, resistance, percutaneous coronary intervention
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“resistance” to oral antiplatelet therapy may underlie such 
adverse events(14). Many studies have reported antiplatelet 
treatment responses, but because various methods have 
been used in different patients, no consistent estimates of 
the prevalence of antiplatelet treatment resistance or its 
clinically significant predictors have been produced. In 
this study, we investigated the prevalence of aspirin and 
clopidogrel resistance, related factors, and the predictors of 
reduced antiplatelet response among patients undergoing 
elective PCI for stable CAD. 

Materials and Methods
We retrospectively screened the patient data from 

January 2007 to 2009 May, as during that period, all PCI 
patients had a routine aggregation inhibition test 24 hours 
after the intervention (48 hours after the loading dose), 
and the treating doctor made dose/medication changes 
according to test results. All patients who underwent an 
elective PCI with an available aggregation inhibition test 
result were included in the study.

Resistance (hypo or non-responsiveness) is defined 
as “High on-treatment platelet reactivity,” whereas the 
occurrence of a thrombotic event during therapy is defined 
as treatment failure(15).

Exclusion criteria: Patients on chronic DAPT, 
scheduled for elective PCI after an ACS, patients with 
hematologic and oncologic disorders, collagen disease, 
active infection, and chronic liver disease were not 
included. 

Demographic data, risk factors [diabetes mellitus 
(DM), hypertension (HT), family history, hyperlipidemia 
(HL), smoking status], other comorbidities, medications 
[aspirin, beta-blockers, angiotensin-converting enzyme 
inhibitor/angiotensin receptor blocker (ACE-I/ARB), 
calcium channel blockers, proton pump inhibitors 
(PPI)] and laboratory findings, as well as indications 
for intervention, were recorded from patient files. 
Aggregation inhibition test results at post PCI 24th hour, 
treatment changes, and the results of control aggregation 

inhibition test (if any) were also recorded. According to 
aggregation inhibition test results, patients were analyzed 
in two subgroups: 1-aspirin resistant/low responders and 
responders 2-clopidogrel resistant/low responders and 
responders.

Loading dose: In our clinic, patients routinely received 
300 mg clopidogrel one day prior to the elective procedure 
and 1x75 mg per day afterward. 

Resistance: The expected on-treatment ranges were 
0-300 AU for Aspirin and 0-200 AU for clopidogrel. The 
patients with higher levels were classified as “resistant 
patients” (insufficient aggregation inhibition), and other 
patients were classified as “normal responders,” and 
these two groups were compared in terms of clinical and 
biochemical features. 

Aggregation inhibition test: Aggregation inhibition 
by aspirin and clopidogrel was analyzed from venous 
blood samples obtained from antecubital vein 24 hours 
after the intervention (48 hours after the loading dose) by 
impedance aggregometry method using on the Multiplate 
Analyzer (Roche, Switzerland). Multiple electrode 
aggregometry (MEA) is a method that tests platelet 
function in whole blood based on whole blood impedance 
aggregometry. The Multiplate® has five testing areas that 
can be loaded with the MEA test cells, each of the test 
cells has two independent sensor units, which are made 
of two silver-coated, highly conductive copper wires. 
The multiplate works by measuring platelet adhesion 
and aggregation to these conductive wires following 
activation of the platelets. As aggregation increases, there 
is an increase in electrical impedance between the wires, 
which is recorded on the Multiplate® device(16). Platelet 
aggregation determined by MEA is calculated from the 
area under the curve (AUC), which is taken from the 
measured electrical impedance and quantified by arbitrary 
aggregation units over time (AU*min). Prostaglandin 
E1 (PGE1) is a natural platelet inhibitor that triggers an 
increase in cAMP levels in the platelet. The cAMP is a 
so-called second messenger, i.e., an intracellular signaling 
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molecule. A decrease in the cAMP level in the platelet 
leads to platelet activation. An increase of the cAMP 
level counteracts platelet activation. PGE1 reagent is 
used in combination with adenosine diphosphate (ADP) 
test reagent. The addition of 20 μL PGE1 to the ADP test 
(9.4 nM PGE1 final concentration) induces a moderate 
inhibition of platelet activation in normal blood samples, 
but a significant increase of sensitivity of the ADP test 
to platelet inhibition by substances that affect platelet 
aggregation through ADP receptor binding is seen. 
Therefore, this modified test is named high-sensitive ADP 
test(17).

Platelet inhibition by aspirin is monitored using 
arachidonic acid-induced aggregometry. ADP triggers 
platelet activation via platelet ADP receptors. In addition, 
a second test is performed with the addition of PGE1, 
a physiological platelet inhibitor. PGE1 reduces the 
intracellular mobilization of calcium in platelets and thus 
acts synergistically to the action of clopidogrel. The use of 
PGE1 increased the sensitivity of the test(16).

This study was approved by the Ethics Committee of 
Bakırköy Dr. Sadi Konuk Training and Research Hospital 
(decision no: 2021-296, date:17/05/2021).

Statistical Analysis

The arithmetic mean of the data was calculated for 
the demographic features of the patient, and the standard 
deviation was calculated through the chi-square test, 
Mann-Whitney U test, or Fisher’s exact test (mean ± 
standard deviation). The distribution of categorical 
variables was evaluated by each other. The mean of the 
features having any of two subtitles in terms of quantitative 
variables was compared with the t-test for independent 
groups (independent samples t-test). The correlation of 
two quantitative features was analyzed with the Pearson 
correlation coefficient. The binary logistic regression 
model was used as a multivariable statistical method, in 
which the result variable was categorized as existing/not 
existing. The level of significance was accepted as p≤0.05 

in all analyses. SPSS for the windows 15.0 statistics 
package was used for the evaluation of the data.

Results
Totally 470 patients with aggregation inhibition test 

results (all 470 for clopidogrel and 464 for aspirin) were 
included in the study. Three hundred sixty-eight of them 
were male (n=78, 3%). The aspirin resistance group’s 
mean age was 60.8±10.3 years, the clopidogrel resistance 
group’s mean age was 58.89±10.1 years, and the aspirin 
+ clopidogrel resistance group’s mean age was 63.25±8.8 
years. Overall, there were 164 patients with single (either 
aspirin or clopidogrel) and 16 (3%) patients with double 
resistance (both aspirin and clopidogrel).

Aspirin resistance: There were 38 patients (8,1%) 
with aspirin resistance. HT and HL were significantly 
more frequent among resistant patients, as oral antidiabetic 
(OAD), statin, beta-blocker, and ACE-I use. In contrast, 
the smoking rate was higher among normal responders 
(Table 1). Logistic regression analysis revealed that HT, 
statin use, and platelet count were independent predictors 
of aspirin resistance (Table 2). Aspirin resistant patients 
had significantly higher levels of blood urea, low density 
lipoprotein (LDL), CRP, and platelets. A negative 
correlation was detected between aspirin aggregation 
levels and fasting blood glucose, while C-reactive protein 
(CRP), leukocyte count, and platelet count had a positive 
correlation (Table 3).

Clopidogrel resistance: There were 126 patients 
(26.8%) with clopidogrel resistance. Female gender, 
DM, HL, and family history for ischemic heart disease 
were significantly more frequent among clopidogrel 
resistant patients, whereas the smoking rate was higher 
among normal responders. Body mass index (BMI), 
waist circumference, leucocyte count, and hemoglobulin 
levels were significantly higher among clopidogrel 
resistant groups as well as nitrate and statin use (Table 
4). Independent predictors of clopidogrel resistance (CR) 
were HL, gender, and leucocyte count (Table 5). 
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A positive correlation was found between clopidogrel 
aggregation level and CRP, leukocyte count, and platelet 
count (Table 6). 

Discussion

This retrospective analysis is the first study evaluating 
the prevalence of antithrombotic drug resistance in 
patients undergoing elective PCI. We found that 8.1% 

and 26.8% of stable CAD patients undergoing elective 
PCI showed insufficient aggregation inhibition by aspirin 
and clopidogrel, respectively, whereas 3% had double 
resistance.

The difference in the measurement method we used 
in this study is the most important feature distinguished 
from other studies. In current practice, many tests are 
available to monitor antiplatelet therapies for patients with 

Table 1. Demographic and biochemical features of the groups with and without aspirin resistance  

Aspirin ASA (-)
(n=426)

ASA (+)
(n=38) p-value

Age 59.5±10.2 60.8±10.3 0.42 

Gender (female) (%) 90 (21.1) 12 (31.6) 0.13 	

Hypertension (%) 214 (50.7) 28 (73.7) 0.007* 

Diabetes mellitus (%) 114 (27) 12 (31.6) 0.54 

Hyperlipidemia (%) 144 (34) 22 (57.9) 0.003* 

Smoking (%) 228 (54) 14 (36.8) 0.04* 

BMI (weight/height²) 28.03±3.5 29.7±13.5 0.49

Waist circumference (cm) 97.9±11.1 99.2±15.3 0.54 

Family history (%) 126 (29.6) 12 (31.6) 0.79 

Fasting glucose (mg/dL) 117.8±37.0 108.2±30.4 0.14

Urea (mg/dL) 17.1±5.8 19.5±6.7 0.03*

Creatine (mg/dL) 0.9±0.1 0.9±0.2 0.26 

LDL (mg/dL) 120.2±32.9 135.±57.1 0.01* 

HDL (mg/dL) 43.1±9.1 44.4±7.8 0.40 

Platelet (10e3/uL) 216912.6±58413.1 244,823.5±58,915.6 0.008* 

Leucocyte (10e3/uL) 8,255.7 ±6,192.3 7,467.6±1,953.7 0.46 

eGFR (mL/dk) 83.1±16.2 84.4±24.2 0.77 

CRP (mg/L) 4.2±2.4 21.7±20.8 <0.001*

Hemoglobin (g/dL) 13.3±1.4 13.0±2.0 0.21 

Insulin (%) 59 (13.9) 4 (10.5) 0.56 

OAD (%) 77 (18.1) 10 (26.3) 0.21 

CCB (%) 65 (15.3) 6 (15.8) 0.93 

Nitrate use (%) 133 (31.2) 14 (36.8) 0.47 

Statin use (%) 138 (32.4) 18 (47.4) 0.06 

Beta blocker (%) 150 (35.2) 23 (60.5) 0.002*

ACE-i (%) 129 (30.3) 18 (47.4) 0.03* 

ARB (%) 67 (15.7) 6 (15.8) 0.99

PPI (%) 85 (20.0) 6 (15.8) 0.53 

ASA: Acetylsalicylic acid, BMI: Body mass index, LDL: Low density lipoprotein, HDL: High density lipoprotein, eGFR: Estimated glomerular filtration rate, 
CRP: C-reactive protein, PDW: Platelet distribution width, OAD: Oral antidiabetic, CCB: Calcium channel blocker, ACE-i: Angiotensin converting enzyme 
inhibitor, ARB: Angiotensin receptor blockers, PPI: Proton pump inhibitor, *p<0.05 statistically significant
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high risk. None of the currently available platelet function 
assays has been sufficiently validated and standardized to 
monitor antiplatelet therapies. In this study, the impedance 
aggregometry method was used to measure aspirin and 
clopidogrel resistance. Platelet inhibition by aspirin is 
monitored using arachidonic acid-induced aggregometry. 
Clopidogrel is detected by its inhibition of ADP-induced 
aggregation. Besides, a second test is performed with the 
addition of PGE1 and thus acts synergistically to the action 
of clopidogrel. Therefore, the use of PGE1 increased the 
sensitivity of the test(16,17).

Literature shows that the prevalence of aspirin 
resistance (AR) varies between 5% and 60%, while CR 
has been estimated to be between 16% and 50% depending 
on the population, dosing, time-point of assessment, and 
the method used for testing aggregation levels(15,18-20). 

Overall, our findings are consistent with the previous 
reports. Our study included stable CAD patients 
undergoing elective PCI and assessed aggregation 
inhibition levels 48 hours after clopidogrel loading (24 
hours after PCI). Aspirin and clopidogrel resistance was 
presented in 8.1% and 26.8%, respectively. In a similar 

Table 2. Multivariable analyses of aspirin resistance with logistic regression

p-value OR 95% CI 

Hypertension 0.02* 2.8 1.1-7.1 

Smoking 0.16 0.5 0.2-1.2 

Platelet 0.02* 1.4 1.3-1.8 

eGFR 0.49 1.0 0.9-1.0 

Statin 0.06 2.1 0.9-4.7 

BMI 0.48 0.9 0.8-1 

Diabetes mellitus 0.66 0.8 0.3-2 

eGFR: Estimated glomerular filtration rate, BMI: Body mass index, *p<0.05 statistically significant, OR: Odds ratio, CI: Confidence interval

Table 3. Correlation coefficients and p-values of aspirin aggregation level and clinical and biochemical parameters

R p-value
Age 0.054 0.24

BMI (weight/height2) -0.061 0.18

FBG (mg/dL) -0.136 0.008*

LDL (mg/dL) 0.045 0.37

HDL (mg/dL) -0.078 0.12

Urea (mg/dL) 0.028 0.58

Waist circumference (cm) 0.011 0.82

Creatine (mg/dL) 0.019 0.71

eGFR (mL/dk) -0.042 0.41

CRP (mg/L) 0.488 0.01*

Hemoglobin (g/dL) -0.51 0.32

Leucocyte (10e3/uL) 0.109 0.03*

Platelet (10e3/uL) 0.129 0.01*

BMI: Body mass index, FBG: Fasting blood glucose, LDL: Low density lipoprotein, HDL: High density lipoprotein, eGFR: Estimated glomerular filtration rate, 
CRP: C-reactive protein, *p<0.05 statistically significant, Pearson Correlation test was used for analysis



Research Article

Karabulut et al.  Aspirin and Clopidogrel Resistance

100

but smaller series, including 151 patients taking aspirin 
for at least one week and clopidogrel 300 mg loading 12 
to 24 hours prior to elective PCI using a modified platelet 
aggregometry device, 19% of patients were found to 
be aspirin resistant(21). In another study using the same 
loading dose as in our study, Gurbel et al.(22) reported that 

1/3rd of the patients was clopidogrel resistant at day 5 post-

stenting by measuring ADP-induced platelet aggregation. 

They also showed the clopidogrel response variability by 

serial measurements and a resistance rate of 15% on day 

30.

Table 4. Demographic and biochemical features of the groups with and without clopidogrel resistance 

Clopidogrel Klop (-)
(n=344)

Klop (+)
(n=126) p-value

Age 59.68±10.38 58.89±10.17 0.46 

Gender (female)% 56 (16.3) 46 (36.5) 0.001* 

Hypertension (%) 172 (50.3) 72 (58.1) 0.13 

Diabetes mellitus (%) 80 (23.4) 46 (37.1) 0.003* 

Hyperlipidemia (%) 98 (28.7) 68 (54.0) 0.001*

Smoking (%) 194 (56.7) 54 (43.5) 0.012*

BMI (weight/height²) 27.7±3.6 29.1±7. 0.01*

Waist circumference (cm) 97.1±11.0 99.9±12.2 0.029*

Family history (%) 92 (26.7) 48 (38.1) 0.017* 

Fasting glucose 117.3±37.1 115.6±34.7 0.67

Urea (mg/dL) 17.6±6.2 16.5±5.2 0.08

Creatine (mg/dL) 0.9±0.1 0.8±0.1 0.13 

LDL (mg/dL) 120.5±37.0 123.7±33.0 0.42 

HDL (mg/dL) 43.5±9.2 42.5±8.5 0.28 

Platelet count (10e3/uL) 217,311.1±56,949.9 221,996.6±63,025.1 0.47 	

Leucocyte count (10e3/uL) 7,927.0±6,072.3 8,761.0±5,460.0 0.20

eGFR (mL/dk) 84.2±17.3 81.5±16.1 0.16 

CRP (mg/L) 8.6±13.2 6.6±4.8 0.60 

Hemoglobin (g/dL) 13.46±1.39 13.12±1.63 0.03*

Aspirin resistance (%) 24 (7.1) 14 (11.3) 0.14 

Insulin (%) 55 (16.0) 10 (7.9) 0.02*

OAD (%) 70 (20.3) 19 (15.1) 0.19

CCB (%) 55 (16.0) 18 (14.3) 0.65

Nitrate use (%) 91 (26.5) 58 (46.0) <0.001*

Statin use (%) 98 (28.5) 60 (47.6) <0.001*

Beta blocker (%) 121 (35.2) 56 (44.4) 0.06 

ACE-i (%) 101 (29.4) 48 (38.1) 0.07 

ARB (%) 53 (15.4) 22 (17.5) 0.59 

PPI (%) 73 (21.2) 20 (15.9) 0.19 

BMI: Body mass index, LDL: Low density lipoprotein, HDL: High density lipoprotein, eGFR: Estimated glomerular filtration rate, CRP: C-reactive protein, PDW: 
Platelet distribution width, OAD: Oral antidiabetic, CCB: Calcium channel blocker, ACE-i: Angiotensin converting enzyme inhibitor, ARB: Angiotensin receptor 
blockers, PPI: Proton pump inhibitor, *p<0.05 statistically significant
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Factors Contributing to Antithrombotic Drug 
Resistance

Aspirin: Suggested causes for AR are genetic 
variability, non-adherence, use of enteric-coated forms, 
concomitant use of PPI’s, body weight (under-dosing), 
NSAID’s, and advanced atherosclerosis. There is a 
variety of contributing factors reported to be associated 
with resistance. In univariate analysis, we found a higher 
prevalence of HT, HL, ACE-I, beta-blocker use, and higher 
LDL and platelet count among aspirin resistant patients. 
However, only HT and platelet count were independent 
predictors of aspirin resistance.

The effect of gender on AR is controversial. Clinical 
studies reveal that AR is detected more in women 
(especially postmenopausal, over the age of 60), which is 
related to the low hemoglobin level(23,24). In our study, no 
difference was detected between the genders. In a study 
by Helgason et al.(25), a statistically significant relationship 
was not found between smoking and aspirin resistance, 
and they attributed this result to smoking-inducing platelet 
activation. The data of Hung et al. (26) was also similar. 
However, Gum et al.(24) reported significantly higher AR 
among nonsmokers. In our study, the smoking rate was 
higher among normal responders. Likewise, Matetzky et 

Table 5. Multivariable analyses of clopidogrel resistance with logistic regression 

p-value OR 95% CI 

Diabetes mellitus 0.06 1.6 0.9-2.8 

BMI 0.17 1.0 0.9-1.1 

Smoking 0.34 0.7 0.4-1.3 

Hyperlipidemia 0.001* 2.9 1.8-4.7 

Leucocyte count 0.01* 1.3 1.1-1.6 

Urea 0.04 0.9 0.91-0.99 

Gender 0.03* 0.5 0.2-0.9 

BMI: Body mass index, *p<0.05 statistically significant, OR: Odds ratio, CI: Confidence interval

Table 6. Correlation between clopidogrel level and clinical and biochemical parameters 
R  p-value 

Age -0.07 0.13 

BMI (weight/height2) 0.012 0.78 

FBG (mg/dL) -0.34 0.49*

LDL (mg/dL) 0.046 0.36 

HDL (mg/dL) -0.07 0.14 

Urea (mg/dL) -0.098 0.06 

Waist circumference (cm) 0.056 0.26 

Creatine (mg/dL) -0.020 0.70 

eGFR (mL/dk) -0.006 0.90 

CRP (mg/L) 0.386 0.04*

Hemoglobin (g/dL) 0.019 0.70 

Leucocyte count (10e3/uL) 0.171 0.001* 

Platelet count (10e3/uL) 0.115 0.024*

BMI: Body mass index, FBG: Fasting blood glucose, LDL: Low density lipoprotein, HDL: High density lipoprotein, eGFR: Estimated glomerular filtration rate, 
CRP: C-reactive protein, *p<0.05 statistically significant
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al.(27) also found out that the response to clopidogrel in 
smokers was better.

Hyperglycemia is known to cause platelet reactivation 
and increase thrombogenicity. Furman et al.(28) found no 
statistically significant difference in aspirin resistance in 
diabetic and non-diabetic subgroups of the patients with 
stable angina pectoris. We revealed similar results in this 
study. 

Hypercholesterolemia causes aspirin resistance by 
increasing platelet aggregation and TXA2 level. Friend et 
al.(29) demonstrated that platelets’ response to aspirin was 
decreased in hyperlipidemic patients. Likewise, our study 
showed that HL was more frequent among AR patients, 
and in multivariate analysis, statin use had a tendency 
to borderline significance as an independent predictor 
of AR. Whether this is an indirect projection of HL or 
attributable to the direct effects of statins needs to be 
further evaluated. In multivariate analysis, only HT and 
platelet were detected as independent predictors for AR. 
Data on predictors of AR are sparse. In a study including 
stable CAD patients, fibrinogen levels and pulse pressure 
were reported to be independent predictors of resistance 
on chronic aspirin use(30).

This study found a negative correlation between 
aspirin aggregation levels and fasting blood glucose, while 
CRP, leukocyte count, and platelet count had a positive 
correlation. Based on these results, we think patients with 
poor glycemic regulation may require strict monitoring 
of blood glucose to increase the effectiveness of aspirin. 
However, the same caution may also be required in 
patients with autoimmune inflammatory diseases with 
acute attacks.

Clopidogrel: Clopidogrel resistance or response 
variability is attributed mainly to the variability of 
genetic polymorphisms influencing absorption and 
isoenzyme activity, laboratory method, and drug-drug 
interactions(31,32). 

The drug interactions that may change cytochrome 
p-450 isoenzymes in the liver may decrease the efficiency 
of clopidogrel. The most important ones among these 
drugs are statins(33). In our study, while the use of statin 

was found out to be significantly high in the clopidogrel 
resistant group, it was not found as an independent 
predictor of CR in the logistic regression test. 

The association of PPI use and insufficient response 
to clopidogrel was an issue of controversy. There is not 
enough evidence for a valid association between PPI 
induced low response and clinical adverse events, although 
some small studies show higher CR among PPI users(34). 
In their study, Juurlink et al.(35) demonstrated that the dual 
use of clopidogrel and PPI after AMI increased the risk 
of re-infarction by decreasing the clopidogrel efficiency; 
and only pantoprazole did not inhibit the cytochrome 
p-450 enzyme. Arbel et al.(34) showed that omeprazole was 
significantly associated with more clopidogrel resistance 
compared to pantoprazole and famotidine. We found no 
association between CR and PPI use.

Likewise to PPI use, CCB and ACE-I use were also 
not associated with CR although Gurbel et al.(36) reported 
that high doses of CCB and ACE inhibitors possibly 
contributed to a decreased response to clopidogrel.

Demographic variables such as age, BMI, diabetes, 
and renal failure may also influence clopidogrel response, 
either directly influencing platelet function or drug 
metabolism(37). We found no association with age. In a 
study conducted by Feher et al.(38), clopidogrel resistance 
was found to be significantly low in patients with a low 
BMI. In our study, BMI and waist circumference were 
significantly higher in the CR group. In vitro studies 
revealed that insulin decreased platelet aggregation by 
P2Y12 path inhibition. However, since the sensitivity 
of platelet to insulin decreases in Type 2 DM patients, 
P2Y12 inhibition decreases(39). In our study, clopidogrel 
resistance was found to be statistically higher in a patient 
with DM, but in multivariate analysis, diabetes was not a 
predictor for the CR; however, HL [odds ratio (OR): 2.9], 
leukocyte count (OR: 1.3), and gender (OR: 0.5) were 
independent predictors of CR. 

Study Limitations

As a retrospective analysis, our study has some 
limitations. It has been reported that the level of platelet 
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reactivity after a standard dose is related to the pretreatment 
reactivity level. As we did not routinely perform a baseline 
aggregation assessment, we did not have the baseline 
platelet reactivity levels. The lower (300 mg) loading dose 
of clopidogrel used during the screened period may seem 
like a limitation, but all the comparators were assessing 
the effects of CR using the same loading dose, and it is 
well known that clopidogrel reaches its effective plasma 
level 24-48 hours after a 300 mg loading dose. And lastly, 
resistance or non-responsiveness to antithrombotics is a 
laboratory phenomenon, and we did not assess the clinical 
consequences (e.g., stent thrombosis) of insufficient 
aggregation inhibition as this was beyond the scope of 
this study.

Conclusion
In conclusion, we found 8.1% and 26.8% of stable  

CAD patients undergoing elective PCI showed that 
insufficient aggregation inhibition by aspirin and 
clopidogrel, respectively, whereas 3% had double 
resistance. There is insufficient evidence for routine 
screening for aspirin and clopidogrel resistance in the 
clinical practice; however, platelet function testing may 
be considered in determining dual antiplatelet strategy in 
patients with a history of stent thrombosis and in patients 
prior to undergoing high-risk PCI.
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