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with high on-treatment platelet reactivity of clopidogrel in patients
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ABSTRACT
Objective: This study attempted to fill the gaps in evidence related to response to clopidogrel treatment in the Turkish population. The study
aimed to determine the prevalence, associated risk factors, and clinical outcomes of high on-treatment platelet reactivity (HTPR) of clopidogrel
in patients undergoing percutaneous coronary intervention (PCI) in a tertiary cardiovascular hospital in Turkey.
Methods: In this prospective studied a total of 1.238 patients undergoing PCI were included in the present study. Blood samples were analyzed
using a Multiplate analyzer. All patients were examined in the outpatient clinics at the end of the first and sixth months for recording drug therapy
compliance and study endpoints.
Results: Among the study population, 324 (30.2%) patients were found to have HTPR (mean age 58.03±11.88 years, 71.7% men). The incidence of
HTPR was higher amongst females than amongst males (38.3% vs. 27%, p=0.010). Hypertension and diabetes mellitus were more frequently observed in the HTPR group (57.7% vs. 48.7%, p=0.004; 35% vs. 29.1%, p=0.040, respectively). When the recorded data were analyzed using multinomial regression analysis, hypertension, hemoglobin level, platelet, lymphocyte, and eosinophil count were independently associated with HTPR.
Conclusion: On the basis of the results obtained from our study, we conclude that 30.2% of the Turkish population has HTPR. Our results also
led us to believe that hypertension is an associated risk factor and decreased hemoglobin level as well as increased platelet counts are laboratory parameters that are strongly associated with the presence of HTPR. However, no differences were observed with regard to cardiovascular
mortality and stent thrombosis. (Anatol J Cardiol 2016; 16: 967-73)
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Introduction
Aspirin and clopidogrel drug combination was mainstay of antithrombotic treatment in patients with acute coronary syndrome
(ACS) and stable angina pectoris who subsequently underwent
percutaneous coronary intervention (PCI). However, in 2014 ESC/
EACTS myocardial revascularization guideline, ticagrelor and
prasugrel were considered as ﬁrst-line drug therapies before
clopidogrel for ST segment elevation myocardial infarction (STEMI) (1). In the same year, ticagrelor and prasugrel were considered as ﬁrst-line drug therapies along with clopidogrel in patients
diagnosed with non-STEMI (NSTEMI) according to ACC/AHA
guidelines on the management of NSTEMI (2). Despite the signiﬁcant progress in deﬁning guidelines, lack of access to new drugs
(ticagrelor and prasugrel) is one of the major reasons why clopi-

dogrel is still the most widely used antiplatelet agent in our country. This conclusion is strengthened when crosschecked with
data obtained from our hospital. A retrospective investigation of
218 consecutive patients admitted with ACS in 2015 showed that
139 (63.7%) were prescribed clopidogrel, whereas 61 (27.9%) and
18 (8.2%) were prescribed ticagrelor and prasugrel, respectively.
Clopidogrel is a second-generation P2Y12 blocker, which is
reportedly safer than the ﬁrst generation of similar drugs, such
as ticlopidine, in terms of side effects on the bone marrow and
liver. Clopidogrel is rapidly absorbed from the intestine following
ingestion. Hepatic cytochrome P450 enzymes (CYP3A4, CYP3A5,
and CYP2C19) convert clopidogrel to a short-lived active metabolite that is capable of binding to the P2Y12 receptor via disulﬁde
bridges, thereby leading to the inhibition of platelet activation
(3). Clopidogrel is a noncompetitive selective ADP-receptor
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antagonist, which functions by blocking ADP and preventing it
from binding its receptors. This blockage reduces the activity of
glycoprotein (GPIIb/IIIa) in platelets, which is a prerequisite for
ﬁbrinogen-platelet adhesion mechanism (4).
In some patients, atherothrombotic complications are known
to occur quite frequently despite appropriate aspirin and clopidogrel therapy. This phenomenon gave rise to several questions
regarding the efﬁcacy of these drugs in patients. Drug resistance has emerged as the most recognized explanation. High
on-treatment platelet reactivity (HTPR) is deﬁned as the failure
of the drug molecule to inhibit the target of its action. This is best
demonstrated by the evidence of residual post-treatment P2Y12
activity measured by computing ADP-induced platelet aggregation before and after treatment (5). The pharmacodynamic effect
of clopidogrel is known to substantially vary between individuals
(6). The prevalence of HTPR ﬂuctuates study to study with major
published trials reporting that prevalence varies from 41.8% to
49.6% as per two different cut-off values (7). Several clinical trials have demonstrated that HTPR is related to a higher risk of
cardiovascular events (7–10).
The prevalence of HTPR has been reported as follows: (i)
21% in patients who presented with STEMI (11), (ii) 22.1% in patients who presented with ACS (12), and (iii) 37.9% (13) to 49%
(14) in patients with stable coronary artery disease and undergoing PCI. The aim of this study was to determine the prevalence
as well as the associated risk factors and clinical outcomes of
HTPR patients diagnosed with ACS and stable coronary artery
disease in the Turkish population.

Methods
In total, 690 (55.7%) patients diagnosed with ACS and 548
(44.2%) patients diagnosed with stable coronary artery disease
were included in the present prospective study. Written informed consent was obtained before enrollment, and the study
protocol was approved by the local ethical committee. The exclusion criteria were set as follows: (i) history of previous coronary intervention; (ii) history of coronary artery bypass surgery;
(iii) history of using clopidogrel, nonsteroidal anti-inﬂammatory
drugs, and anticoagulant; (iv) age under 18 years; (v) hematocrit
value less than 30% and platelet count less than 100.000/mL; (vi)
presence of hematological or malignant disorder; (vii) presence
of severe renal and hepatic failure; (viii) history of recent bleeding or bleeding diathesis; and (ix) proven allergy to clopidogrel.
In our study, all patients received a daily dose of 300 mg of
acetylsalicylic for the ﬁrst month, followed by 100 mg daily indeﬁnitely. All patients received a daily dose of 75 mg of clopidogrel for
at least one year. Patients who presented with stable angina pectoris received a clopidogrel loading dose of 600 mg 4–12 h before
stent implantation or a daily dose of 75 mg clopidogrel for at least
7 days. USAP and NSTEMI patients received a clopidogrel loading
dose of 600 mg as soon as the diagnosis was made, and PCIs were
performed within the next 24 h. STEMI patients received a clopi-
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dogrel loading dose of 600 mg just before PCI. In conclusion, blood
samples were collected 24 h after the clopidogrel loading dose in
STEMI patients and 24–48 h later in USAP and NSTEMI patients.
All PCIs were performed via the femoral route as per current
guidelines.
Unfractioned heparin (70 IU/kg) was administered at the beginning of the intervention. An activated clotting time of 250–300
was ensured in the prolonged interventions with an additional
dose of heparin. As and when needed, predilation was performed using balloon angioplasty before stent deployment. Baremetal stents (BMS) were implanted in all patients that presented
with STEMI. For other patients, drug-eluting stents or BMS were
implanted depending upon the lesion complexity, co-morbidities
of patients, patient preference as well as the operator’s preference. Tiroﬁban (a glycoprotein IIb/IIIa inhibitor) use was also
left to the operator’s discretion.
Routine blood biochemistry, hematological parameters, thyroid function test, and ELISA testing for HIV, HBV, and HCV were
performed immediately after admission for all ACS and elective
cases. All patient blood samples obtained for analyzing clopidogrel
efﬁciency were drawn post 24 h of stent implantation. Plastics
tubes (4 mL) containing lepirudin (25 mg/mL, Reﬂudan, Hirudin
blood collection tubes; Dynabyte Medical, Munich, Germany)
were used for blood collection. All samples were analyzed using
Multiplate analyzer (Dynabyte Medical). Electrical impedance
of multiple electrodes was used for measuring platelet aggregation in this test. Under normal circumstances, platelets are
nonthrombogenic in the resting phase. Upon activation with 20
mmol/L ADP, they expose the receptors present on their surface,
which causes adherence to vessel walls and artiﬁcial surfaces.
Platelet binding to the sensor wires in the ADP-supplemented
Multiplate test tubes causes an increase in the resistance of the
sensor, which is interpreted as the computed aggregation unit
(AU) in an AU versus time graph. The results obtained using the
Multiplate analyzer were expressed in terms of the area under
the aggregation curve (15). All the materials used for this purpose
were obtained from the above-mentioned manufacturer; HTPR
was deﬁned with a cut-off value of 200 and the area under the
aggregation curve as described by the manufacturer.
There is no exact data describing the most appropriate time
to take blood samples for platelet reactivity after clopidogrel
dose in the literature. However, blood samples were obtained
within the ﬁrst 24 h after the loading dose in most studies (11, 16).
The GRAVITAS randomized trial attempted to demonstrate the
effect of high-dose versus standard-dose clopidogrel on platelet
reactivity at 12–24 h and 30 days after clopidogrel dosing (7).
All patients were examined in the outpatient clinic at the
end of the ﬁ rst and sixth month for the purpose of revision as
well as for monitoring drug therapy compliance and noting study
endpoints. A cardiovascular death or stent thrombosis was considered as the endpoint of the study. Cardiovascular death was
deﬁned as death from acute myocardial infarction, coronary
artery disease, heart failure, or arrhythmia. Diagnosis of stent
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thrombosis was made according to the criteria deﬁned by the
Academic Research Consortium (17).
Statistical analysis
Data obtained in this study were evaluated using the IBM
SPSS 22 (IBM SPSS, USA) software. Continuous variables were
tested for the normal distribution assumption using Kolmogorov–
Smirnov statistics and were reported as mean±SD or median
(interquantile range). Student’s t-test was used for normally distributed variables in both groups. The Mann–Whitney U test was
used for variables that were not normally distributed. Qualitative
variables were evaluated by chi-square, Fisher’s exact test, and
continuity (Yates) correction. A p value of 0.05 was accepted as
statistically signiﬁcant. Univariate and multinomial binary logistic
regression analysis was performed to investigate independent
correlates of HTPR. Variables with p<0.10 in univariate analysis
were included in the multinomial regression analysis.
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Table 1. Demographic characteristics and risk factors identification
of patients

Age, years
Female gender, (%)

HTPR
(n=374)
(30.2%)

Controls
(n=864)
(69.8%)

P

58.03±11.88

58.05±11.72

0.971

134/350 (38.3) 216/350 (61.7) 0.001

Male gender, (%)

240/888 (27)

648/888 (73)

Hypertension, (%)

216 (57.7)

421 (48.7)

0.004

131 (35)

252 (29.1)

0.040

Diabetes mellitus, (%)

232 (62)

458 (53)

0.010

Stable angina pectoris, (%)

Acute coronary syndrome, (%)

142 (37.9)

406 (46.9)

0.010

Tiroﬁban, (%)

71 (18.9)

260 (30)

0.010

Stent thrombosis, (%)

11 (2.9)

23 (2.6)

0.820

Cardiovascular mortality, (%)

11 (2.9)

35 (4)

0.340

HTPR - high on-treatment platelet reactivity of clopidogrel

Results
0.030
0.025

Stent thrombosis

This single-center, cross-sectional, prospective study was
conducted between February 2012 and June 2014 in our tertiary cardiovascular surgery hospital. Our study included 1,238
patients (28.2% women) diagnosed with ACS (n=690, 55.7%)
and stable coronary artery disease (n=548, 44.2%). Among the
patients, 374 (30.2%) had HTPR (mean age 58.03±11.88 years),
whereas 864 (69.8%) were found to be sensitive to clopidogrel
(mean age 58.05±11.72 years).
A comparison of baseline demographics and study endpoint
properties is summarized in Table 1. HTPR was observed to have
a higher incidence amongst females compared with males (38.3%
vs. 27%, p=0.01). Hypertension and diabetes mellitus (DM) occurred with a higher frequency in the HTPR group than in the control group (57.7% vs. 48.7%, p=0.004; 35% vs. 29.1%, p=0.04, respectively). A larger number of patients in the HTPR group presented
with ACS compared with the control group (62% vs. 53%, p=0.01);
however, the occurrence of stable angina pectoris was found to be
lower in the HTPR group than in the control group (37.9% vs. 46.9%,
p=0.01). Tiroﬁban (a glycoprotein IIb/IIIa inhibitor) usage was
higher in the control group than in the HTPR group (30% vs. 18.9%,
p=0.01). There was no statistically signiﬁcant difference between
the study and control groups in terms of stent thrombosis (2.9% vs.
2.6%, p=0.820) and cardiovascular mortality (2.9% vs. 4%, p=0.34).
There was no statistically signiﬁcant difference between the
groups in terms of estimated event-free days from stent thrombosis (173.273 vs. 172.751 days, p=0.851). Further, stent thrombosis time graph showed parallel distribution of stent thrombosis
between two groups (Fig. 1).
The incidence of HTPR was higher amongst patients who
presented with ACS than amongst those who presented with
stable angina pectoris (62% vs. 37.9%, p=0.01).
Hematological and biochemical parameters of the study
groups are shown in Table 2. In the HTPR group, CRP (6.14±21.44

HTPR
Absent

0.020

Present

0.015

Absent-censored
Present-censored

0.010
0.005
0.00
0

50

100

150

200

Stent thrombosis tile

Figure 1. Stent thrombosis time graph showing parallel distribution of
stent thrombosis between two groups

vs. 3.93±14.65, p<0.01), TSH (1.94±2.11 vs. 1.58±1.54, p<0.01), fasting plasma glucose (130.93±56.03 vs. 121.87±51.38, p<0.01), total
cholesterol level (187.39±50.12 vs. 177.44±45.19, p<0.01), platelet counts (266.68±81.71 vs. 240.6±84.69, p<0.01), and eosinophil counts (0.23±0.21 vs. 0.19±0.17, p<0.01) were signiﬁcantly
higher than in the control group. In the HTPR group, hemoglobin
level (12.78±1.96 vs. 13.29±1.89, p<0.01) and lymphocyte counts
(2.13±0.77 vs. 2.54±1.33, p<0.01) were signiﬁcantly lower than
those in the control group.
Univariate and multivariate binary logistic regression analysis was performed to investigate the independent correlates of
HTPR in the study population. In univariable model, hypertension, DM, TSH, fasting plasma glucose, HbA1c, and total cholesterol levels and platelet, lymphocyte, monocyte, and eosinophil counts were found to correlate with the presence of HTPR
(Table 3). In the multivariable model, hypertension, hemoglobin
level, platelet eosinophil, and lymphocyte counts were found to
be independently associated with HTPR (Table 4).
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Table 2. Comparison of hematological and blood chemistry
parameters of the two groups
HTPR
(n=374, 30%)
ATR, AU/min

Controls
(n=864, 70%)

Table 3. Univariate regression analysis for the predictors of HTPR of
Clopidogrel

533.32±(381-615)

154.14±(64-222) 0.001

CRP, mg/L

6.14±(0.4-3.4)

3.93±(0.20-2.22) 0.001

TSH, U/mL

1.94±(0.9-2.3)

1.58±(0.82-1.95) 0.006

130.93±(94-151)

121.87±(92-134) 0.008

Fasting plasma glucose,
mg/dL
HbA1C,%

6.86±(5.7-7.7)

Sodium, mEq/L

139.08±(138-141)

6.61±(5.7-7.1)

0.066

139.1±(137-141) 0.932

Potassium, mEq/L

4.43±(4.1-4.6)

4.38±(4.0-4.7)

0.057

Calcium, mg/dL

9.32±(9.0-9.7)

9.3±(9.0-9.7)

0.462

HDL, mg/dL

39.97±(31-45)

38.94±(32-44)

0.215

LDL, mg/dL

109.69±(81-129)

VLDL, mg/dL

34.89±(21-41)

106.71±(77-128) 0.254
35.18±(23-43)

0.832

Triglyceride, mg/dL

176.7±(106-200)

Total cholesterol, mg/dL

187.39±(146-218) 177.44±(144-205) 0.002

Hemoglobin, g/dL

12.78±(11.0-14.2) 13.29±(12.0-14.7) 0.001

3

Platelet, 10 /µL

266.68±(214-299)

β

Odds ratio (95% CI)

P

0.000

–0.002 - 0.002

0.971

P

171.76±(112-205) 0.480

240.6±(187-280) 0.001

Neutrophil, 103 /µL

6.17±(4.2-7.3)

6.2±(4.2-7.8)

0.861

Lymphocyte, 103 /µL

2.13±(1.6-2.5)

2.54±(1.7-3.0)

0.001

Monocyte, 103 /µL

0.73±0.34

0.77±0.35

0.049

Eosinophil, 103 /µL

0.23±(0.1-0.3)

0.19±(0.10-0.25) 0.001

MCV, fL

87.26±(83.4-91.4) 87.42±(84.7-91.0) 0.680

RDW, %

14.33±(12.5-15.0)

14.15±(13-15)

0.211

MPV, fL

8.81±(8.1-9.4)

8.88±(8.2-9.4)

0.369

ATR - on treatment reactivity; AU - aggregation units; CRP - c-reactive protein; HDL high density lipoprotein; HTPR - high on-treatment platelet reactivity of clopidogrel;
LDL - low density lipoprotein; MCV - mean corpuscular volume; MPV - mean platelet
volume; RDW - red cell distribution width; TSH - thyroid stimulating hormone; VLDL very low density lipoprotein

Discussion
The main ﬁ ndings of our study can be summarized as follows: (i) In the Turkish population, 30.2% of patients diagnosed
with ACS or stable coronary artery disease and undergoing PCI
therapy were found to have HTPR, (ii) hypertension was found
to be an associated risk factor, and decreased hemoglobin level
as well as increased platelet counts were found to be laboratory parameters associated with HTPR, (iii) stent thrombosis and
cardiovascular mortality rates were found to be similar between
the two groups.
The CAPRIE study showed that the combined risk of ischemic
stroke, myocardial infarction, and vascular death was lower with
long-term consumption of 75 mg clopidogrel per day (18). Clopidogrel has a crucial role for platelet inhibition in patients with
coronary heart disease. However, variability in individual platelet
response to clopidogrel is a well-documented problem, which

Age
Hypertension

0.076

0.025 - 0.127

0.003

Diabetes mellitus

0.058

0.002 - 0.113

0.041

CRP

0.002

0.000 - 0.004

0.096

TSH

0.026

0.009 - 0.043

0.003

Fasting plasma glucose

0.001

0.000 - 0.001

0.006

HbA1c

0.024

–0.001 - 0.049

0.056

Sodium

0.000

–0.006 - 0.006

0.932

Potassium

0.052

–0.004 - 0.108

0.068

Calcium

0.019

–0.031 - 0.068

0.462

HDL

0.002

–0.001- 0.004

0.176

LDL

0.000

0.000 - 0.001

0.254

Triglyceride

0.000

0.000 - 0.000

0.480

Total cholesterol

0.001

0.000 - 0.002

0.001

Hemoglobin

–0.029

–0.042 - (–0.015)

<.0.010

Platelet

0.001

0.000-0.001

<0.010

Neutrophil

–0.001

–0.008 - 0.007

0.861

Lymphocyte

–0.059

–0.080 - (–0.038)

<0.010

Monocyte

–0.075

–0.149 - 0.00

0.049

Eosinophil

0.246

0.106 - 0.386

0.001

MCV

–0.001

–0.005 - 0.003

0.680

RDW

0.010

–0.033 - 0.022

0.148

MPV

–0.012

–0.035 - 0.011

0.316

CRP- C -reactive protein; HDL - high density lipoprotein; HTPR - high on-treatment
platelet reactivity of clopidogrel; LDL - low density lipoprotein; MCV - mean corpuscular volume; MPV - mean platelet volume; RDW - red cell distribution width; TSH
- thyroid stimulating hormone

Table 4. Multinomial regression analysis for the predictors of HTPR of
clopidogrel

Hypertension

OR

95% CI

P

1.584

1.027 - 2.443

0.037

Hemoglobin

0.865

0.773 - 0.968

0.012

Platelet

1.003

1.001 - 1.006

0.014

Lymphocyte

0.621

0.487 - 0.792

<0.010

Eosinophil

4.599

1.366 - 15.486

0.014

can cause deleterious clinical events. The prevalence of this
phenomenon is observed to vary study to study and population
to population, and various reports in the literature have estimated that it occurs in 5%–56% of coronary stent-implanted patients
(19, 20). In our study, 30.2% (n=1.238) of patients who underwent
PCI were found to have HTPR. The prevalence of HTPR can vary
depending upon the cut-off value of the analyzer device used
for the study; however, the prevalence we have reported for our
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country was similar with values reported in previous studies.
However, the effect of dietary habitude, cigarette smoking, and
genetic differences cannot be denied, and they might interfere
with values demonstrated in our study.
The exact mechanism behind the development of HTPR remains unclear. Multifactorial interactions between genetics and
the clinical situation of the patient are hypothesized to have a
dominant role in determining the response. For example, intestinal epithelial cells expressing P-glycoprotein can inﬂuence the
absorption of clopidogrel from the digestive tract into the blood
stream, thus affecting the efﬁcacy of the drug (1, 21).
Because clopidogrel is a pro-drug and requires activation by
liver enzymes, any factor affecting the activity of liver enzymes
directly affects the response. The polycyclic aromatic hydrocarbons present in cigarette smoke can activate cytochrome
P450 isoenzymes 3A4 and 1A2, which alter the clopidogrel response (22).
It is controversial whether some or all proton pump inhibitors reduce the effectiveness of clopidogrel via drug interaction through cytochrome P450 2C19 enzyme. Clopidogrel is
a pro-drug that is metabolized to an active form, primarily by
cytochrome P450 2C19, which is inhibited by proton pump inhibitors (23). This interaction leads to a reduction in the activity
of clopidogrel when used together with proton pump inhibitors
including omeprazole and lansaprazole. The same interaction of
the cytochrome P450 2C19 enzyme inhibition is observed with
the use of paroxetine or ﬂuoxetine, which in turn could result in
the reduction of the activity of clopidogrel (23). Calcium channel
blockers inhibit P450 CYP3A4, which also converts clopidogrel to
active metabolites (24). This also means a reduced clopidogrel
activity with the concomitant use of calcium channel blockers.
Statins (atorvastatin) also interact with cytochrome P450 CYP3A4 and decrease clopidogrel activity (25). There is no proven
direct drug interaction among clopidogrel with beta-blockers,
angiotensin-converting enzyme inhibitors, or aldosterone receptor blockers yet.
In our study, HTPR was found to be more prevalent among
females. Several previously published studies have also reported similar ﬁ ndings, (26, 27) but no precise explanation for this
phenomenon has been put forward till date. Another clinical
risk factor found to be closely associated with HTPR was DM;
several previously reported studies have demonstrated this association (28, 29). Increased exposure to ADP, cytosolic levels of
calcium, and platelet turnover are suggested to facilitate the development of HTPR in diabetic patients (30). In diabetic patients,
nonenzymatic glycation of platelet GPs results in altered platelet structure, conformation, and membrane lipid dynamics (31),
which could lead to increased platelet reactivity. In addition, decreased platelet sensitivity to insulin is associated with reduced
P2Y12 receptor inhibition and increased platelet reactivity (32).
In multivariate regression analysis, HTPR was found to be signiﬁcantly associated with hypertension. Similarly, Aktürk et al. (13)
and Kim et al. (33) have also identiﬁed high blood pressure as a
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risk factor for HTPR development. Vascular shear stress, high
adhesivity, and agreeability are possible mechanisms suggested
to explain the increased incidence of HTPR in this population.
In contrast to previous studies, our results indicated that the
rate of occurrence of stent thrombosis and mortality were similar between the HTPR and control groups. Reports published by
Matetzky et al. (34) showed that in patients with STEMI, HTPR
was associated with a 40% probability of recurrence of cardiovascular events within a time period of 6 months (34). In another
study conducted on 192 patients undergoing PCI, recurrence of
an ischemic event within 6 months of stent implantation was signiﬁcantly higher in patients with a high reactivity to ADP (35).
However, in our ﬁ ndings, there was no difference observed in
terms of occurrence of stent thrombosis and mortality between
the groups. Our patient group included both ACS and stable
coronary artery disease patients. In this aspect, we believe that
our study population is more representative of the whole cohort
compared with previous studies. Price et al. observed no apparent beneﬁt of a higher dose of clopidogrel (150 vs. 75 mg) in
patients with HTPR (7). Moreover, a study conducted to demonstrate the potential additive predictive value of several platelet
tests in the assessment of risk and/or recurrence of ischemic
events concluded that platelet tests contributed a comparatively
minor additive value to ischemic risk assessment in contrast to
clinical and angiographic risk models (36).
On the basis of the results of our study, we do not recommend
routine checking of clopidogrel response because there was no
signiﬁcant difference in terms of mortality and stent thrombosis between the test and control groups; in addition, clopidogrel HTPR was found in approximately one out of three patients
(30.2%). Moreover, the new ESC/ACC guidelines recommend
shifting the drug usage from clopidogrel to ticagrelor or prasugrel in patients presenting with STEMI and NSTEMI (1, 2). Shift
from clopidogrel to ticagrelor or prasugrel could also be a reasonable option in patients with HTPR as evidenced by GRAVITAS
trial, which failed to show any apparent beneﬁt of a doubled daily
dose of clopidogrel (150 mg) versus a single daily dose (75 mg) (7).
Increased levels of CRP, TSH, fasting plasma glucose, and total cholesterol were observed in the HTPR group. An association
of increased CRP levels with HTPR in patients with STEMI and
stable coronary artery disease undergoing PCI (37) and in those
with atherosclerotic cerebrovascular disease undergoing stentassisted angioplasty (38) has been shown earlier. Our ﬁndings
are in agreement with those of these studies. Lundström et al.
(39) showed an association between increased plasma glucose
in HTPR in patients with minor ischemic stroke or transient ischemic attack. In our study, we observed similar association in patients with coronary artery disease. High total cholesterol levels
were also associated with HTPR in patients with cerebral infarct
undergoing clopidogrel treatment (40). Moreover, we observed
the same association in patients with coronary artery disease.
Increased TSH, which could be taken as a predictor of subclinical hypothyroidism, was found to be associated with HTPR in our
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study. Platelet hyper-reactivity in patients with overt or sub-clinical hypothyroidism has been previously reported and is thought
to be a result of elevated vWF levels. One of our ﬁndings in multivariate regression analysis was an association between low
levels of hemoglobin and HTPR. It is thought that anemia is an in
vitro artifact of VerifyNow P2Y12 assay results; however, there is
no such information available for experiments conducted using
the Multiplate analyzer.
The incidence of HTPR was higher amongst patients who
presented with ACS than amongst those who presented with stable angina pectoris. This difference was attributed to increased
platelet turnover and massive platelet activation previously (41).

Study limitations
Our study had several limitations: (i) HTPR status was assessed only 24 h after PCI. Multiple assessments may be needed for more accurate results because HTPR status is liable to
change during follow-up. (ii) The study was not blinded to the
investigators. This could have resulted in a certain degree of
bias during clinical follow-up. (iii) It was a single-center study.
A single-center experience may not be an accurate reﬂection of
the whole cohort. (iv) ASA resistance was not studied. There is a
possibility for it to be associated with HTPR. (v) Unfortunately in
our dataset, there is no clear drug list to compare drug interaction over HTPR. (vi) Stent deployment without OCT and IVUS is a
limitation because one of the major causes of stent thrombosis
is malapposition. (vi) Our study did not have access to the data
regarding the size and type of implanted stents. These data have
the potential to affect the clinical results.

Conclusion
In the Turkish population, 30.2% of patients undergoing PCI
therapy were found to have HTPR. Hypertension was demonstrated to be an associated risk factor and decreased hemoglobin level and increased platelet counts were found to be laboratory parameters that are associated strongly with HTPR. There
were no differences in terms of cardiovascular mortality and
stent thrombosis.

Anatol J Cardiol 2016; 16: 967-73
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