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Abstract

been suggested as a risk factor for patients with ischemic vascular
Background: High on-treatment platelet reactivity (HTPR) has
disease. We explored a predictive model of platelet reactivity to clopidogrel and the relationship with clinical outcomes.
Methods:A total of 441 patients were included. Platelet reactivity was measured by light transmittance aggregometry after receiving
dual antiplatelet therapy. HTPR was defined by the consensus cutoff of maximal platelet aggregation >46% by light transmittance
aggregometry. CYP2C19 loss-of-function polymorphisms were identified by DNAmicroarray analysis. The data were compared by
binary logistic regression to find the risk factors. The primary endpoint was major adverse clinical events (MACEs), and patients
were followed for a median time of 29months. Survival curves were constructed with Kaplan-Meier estimates and compared by log-
rank tests between the patients with HTPR and non-HTPR.
Results: The rate of HTPR was 17.2%. Logistic regression identified the following predictors of HTPR: age, therapy regimen, body
mass index, diabetes history, CYP2C19

∗
2, or CYP2C19

∗
3 variant. The area under the curve of receiver operating characteristic for

the HTPR predictive model was 0.793 (95% confidence interval: 0.738–0.848). Kaplan-Meier analysis showed that patients with
HTPR had a higher incidence of MACE than those with non-HTPR (21.1% vs. 9.9%; x2 = 7.572, P = 0.010).
Conclusions: Our results suggest that advanced age, higher body mass index, treatment with regular dual antiplatelet therapy,
diabetes, and CYP2C19

∗
2 or CYP2C19

∗
3 carriers are significantly associated with HTPR to clopidogrel. The predictive model of

HTPR has useful discrimination and good calibration and may predict long-term MACE.
Keywords: High on-treatment platelet reactivity; Clopidogrel; CYP2C19; Light transmittance aggregometry; Ischemic vascular
events

Introduction and cellular and clinical factors. Platelet activation plays a

critical role in atherothrombotic thrombosis, and its
Ischemic cardiovascular and cerebrovascular diseases pose
a serious threat to human health and seriously affect the
quality of human life.[1-3] Antiplatelet therapy using
acetylsalicylic acid (ASA) or clopidogrel is a standard
therapy regimen for secondary prevention of cardiovascu-
lar events.[4] However, even if dual antiplatelet therapy
(DAPT) was administered, some patients suffered from
recurrence.[5-7] Clinical studies have found that the
recurrence may be related to high on-treatment platelet
reactivity (HTPR).[7,8] Our previous study suggested that
HTPR was closely linked to recurrence of stroke.[9,10]

Generally, on-treatment platelet reactivity to adenosine
diphosphate (ADP) is influenced by three factors: genetics
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morphological and functional changes directly affect
platelet aggregation. Therefore, changes in platelet
morphology and function are significant risk factors for
antiplatelet therapy responsiveness.[11,12] Clopidogrel, as a
subtype of the ADP receptor and one of the important
antiplatelet drugs, can be specifically and irreversibly
bound to P2Y12 on the surface of platelets, whereas
conversion of clopidogrel to its active compound is more
complex, requiring a two-step conversion process to
convert to its active compound.[13] It is well known that
the P450 system, especially CYP2C19, is essential for the
activation of clopidogrel and plays an important role in the
metabolism of clopidogrel,[13-15] and CYP2C19 gene
polymorphism is considered an important factor in
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HTPR.[16-21] In addition, diabetes not only destroys blood
vessels and promotes thrombosis but also causes changes

Therapy regimen
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in platelet morphology and function,[22] so patients with
diabetes exhibit increased platelet reactivity.[22,23]

In fact, according to previous studies, although many
genetic and non-genetic factors are known, a great portion
of clopidogrel variable platelet reactivity remains unex-
plained,which challenges the personalization of clopidogrel
therapy.[24] Therefore, it is necessary to explore more
risk factors affectingHTPR. Furthermore, studies onHTPR
risk factors are inconsistent. For example, Kim et al[11]

thought that patients with large platelets (mean platelet
volume [MPV] ≥10.6 fL) had significantly high residual
platelet reactivity after clopidogrel (multiple electrode
platelet aggregometry [MEA] ADP 21.0 [15.0–30.0] units
vs. 24.0 [18.5–40.0] units, P = 0.003) treatment. On the
contrary, Verdoia et al[25] held that MPV elevation did not
influence the risk of HTPR with clopidogrel. The same
argument was made in the correlation between body mass
index (BMI) and HTPR,[26,27] so it is necessary to explore a
predictive model of HTPR.

In addition, the relationship between HTPR and clinical
prognosis still was controversial. The RECLOSE 2-ACS
study supported the view that HTPR could predict long-
term clinical outcomes,[28] but some studies had opposing
opinions.[29] Therefore, it is important to explore the
relationship between HTPR and clinical outcomes.

Methods
Ethical approval

The present study was approved by the Human Ethics
Committee of Guangdong Provincial People’s Hospital
and Guangdong Academy of Medical Sciences (No.
GDREC2017280H) and adhered to the tenets of the
DeclarationofHelsinki.Verbal andwritten informedconsent
was obtained from all participants included in the study.

Study population
054
Patients with non-cardioembolic ischemic stroke (NCIS),
coronary atherosclerosis heart disease (CAHD), or
ischemic perivascular events (IPVEs) who were admitted
in Guangdong Provincial People’s Hospital between June
2015 and September 2016 were included after admission.
All the included patients must have received DAPT
(aspirin and clopidogrel) during hospitalization, accord-
ing to their clinical need. Clinical diagnosis of patients
was based on related guidelines of American Heart
Association and referred to previously published
papers.[9,11,20]

Patients with the following medical conditions were
excluded from the study: those being treated with
anticoagulants; patients receiving thrombolytic therapy
within 1 week of admission; those with thrombocythemia,
thrombocytopenia, platelet dysfunction, type 1 diabetes,
abnormal coagulation disorders, chronic kidney disease,
severe liver disease, hematopoietic dysfunction, malignant
tumors; or those who were pregnant.

1

All included patients were divided into two groups
according to their therapy methods. If the patients had
taken clopidogrel 75 mg and aspirin 100 mg daily for at
least 7 days before admission, they were included in the
regular DAPT group. Patient who had never taken
clopidogrel were assigned to the intensive DAPT group;
these patients were given 300 mg of clopidogrel immedi-
ately after admission, besides aspirin, and then were
switched to 75 mg daily from the following day. After
discharge, all patients continued to take 75 mg clopidogrel
daily during the follow-up period.

Sample collection and measurements
HbA1c, platelet counts, platelet distribution width (PDW),
MPV, plateletcrit (PCT), cholesterol (CHOL), triglyceride
(TRIG), low-density lipoprotein (LDL), high-density
lipoprotein (HDL), and CYP2C19 were measured imme-
diately after admission. Demographic data, clinical data,
and lifestyle were collected. All core data had to be verified
by two staff members.

HbA1c determination
The ion-exchange high-performance liquid chromatogra-
phy (HPLC) method was used to determine the HbA1c
level. Venous blood was collected.

CYP2C19 genotyping
Briefly,1mLofvenousbloodwas collected inBDVacutainer
tubes containing ethylenediaminetetraacetic acid (EDTA) as
ananticoagulant.GenomicDNAwas extracted fromwhole-
blood samples according to the manufacturer’s instructions.
A genotyping kit (DNA Microarray; BaiO Inc., Shanghai,
China) was used to identify the genotypes of CYP2C19. The
CYP2C19

∗
2 and CYP2C19

∗
3 variant alleles were deter-

mined with the BaiO BE-2.0 Biochip diagnostic Analyzer
(BaiO Technology Corp, Shanghai, China). The procedures
of DNA extraction, polymerase chain reaction amplifica-
tion, hybridization, gene array detection, and analysis were
performed strictly according to the manuals of the BaiO
genotype detecting genearraykit and equipment (BaiO Inc.).
These two polymorphisms were in Hardy-Weinberg
equilibrium (P>0.05).

On the basis of these procedures, patients were classified as
wild-type homozygote (

∗
1/

∗
1 allele), heterozygote (

∗
1/

∗
2,

∗
1/

∗
3), or variant homozygote (

∗
2/

∗
2,

∗
2/

∗
3,

∗
3/

∗
3),

corresponding to extensive metabolizers (EMs), interme-
diate metabolizers (IMs), and poor metabolizers (PMs),
respectively.[30]

Platelet reactivity assay
Blood samples that were collected from patients at least 6h
after intensive treatment or 7 days of regular antiplatelet
therapy were sent for analysis in a Vacutainer tube
containing 3.2% trisodium citrate (ratio, 9:1). The
Vacutainer tube was filled to capacity and inverted three
to five times to ensure completemixing of the anticoagulant.
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Measurement of ADP-induced platelet aggregation in
platelet-rich plasma by light transmittance aggregometry

with percutaneous coronary intervention). The study
group characteristics are described in Tables 1 and 2.

CYP2C19 genotyping
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(LTA) assay has long been a classical method for assessing
platelet function in relation to clinical outcome. Assess-
ment of platelet function has been reported previously.[31]

In brief, platelet-rich plasma, obtained by centrifuging
whole blood for 10min at 200 g, was stimulated with
5 mmol/L ADP. Platelet aggregation was determined by
LTA, using an AggRAM Platelet Aggregation Analyzer
(Helena Biosciences, Gateshead, UK). It was expressed as
maximal platelet aggregation (MPA), which represents the
maximal percentage change in light transmittance, using
platelet-poor plasma as a reference. MPA >46% by LTA
was defined as HTPR.[32]

LTA quality control
All the blood samples were kept in a 15°C to 30°C room
and measured within 3h of collection by trained
professional staff. The entire operation was conducted
in strict accordance with the approved standard process.

Outcomes and follow-up
The primary endpoint was major adverse clinical events
(MACEs), including a composite of vascular death, stroke/
transient ischemic attack, gastrointestinal bleeding, stable
and unstable angina pectoris, heart failure, andmyocardial
infarction. Follow-up visits were carried out within 18 to
33 months (median time: 29 months) by hospital visit or
telephone after discharge. The following information was
recorded at follow-up: Did you take clopidogrel according
to doctor’s advice? Did MACE occur, and when?

Statistical analysis
All variables were tested for normal distribution, using the
Kolmogorov-Smirnov test (KS test). Measurement data
were analyzed using the t test, and enumeration data were
analyzed using the Chi-squared (x2) test. One-way analysis
of variance (ANOVA) was applied to intergroup compar-
isons. To analyze the correlation factors affecting
clopidogrel HTPR defined by LTA MPA, we performed
univariate and then multivariate logistic regression analy-
sis. The predictive model of HTPR based on those risk
factors was built, and discrimination and calibration of the
model were assessed by the receiver operating characteris-
tic (ROC) curve and Hosmer-Lemeshow goodness-of-fit
test. The Kaplan-Meier method was used to assess the
cumulative survival of patients with HTPR or non-HTPR,
and the log-rank test was used to assess the statistical
differences between these two survival curves. A P value
<0.05 denoted a statistically significant difference. SPSS
18.0 statistical software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis.

Results
055
Baseline characteristics

A total of 441 patients were included in our study; 76
(17.2%) patients hadHTPR.We collected 92 patients with
NCIS, 21 with IPVE, and 328 with CAHD (72 of whom

1

Significant differences in baseline characteristics were
observed, including gender, therapy methods, hyperten-
sion history, diabetes, BMI, PCT, and CHOL between
the HTPR group and the non-HTPR group (LTA-MPA:
57.47±9.10% vs. 23.33±11.37%, P=0.000). Obvious-
ly, there were no significant differences among the other
variables between the two groups, for example, current
smoking and alcohol consumption, age, HbA1c, platelet
counts, PDW, MPV, LDL, HDL, and TRIG.
Genotyping results are illustrated in Table 1. A total of
47.2% of the participants were carriers of at least one copy
of the CYP2C19

∗
2 LOF allele (681 GA: 38.1%, 681 AA:

9.1%), whereas for CYP2C19
∗
3, only 10.9% (636 GA:

10.2%, 636 AA: 0.7%) were carriers; 44.7% of the
CYP2C19 phenotype was EM (non-HTPR: 47.9% vs.
HTPR 11.2%, P=0.002), 42.9% was IM (40.5% vs.
21.7%, p=0.041), and 12.5%was PM (11.5% vs. 17.1%,
P=0.184).

Regression analysis
Risk factors of HTPR

All patients’ platelet function was checked by LTA. As
summarized in Table 2, the median of LTA MPA was
26%. According to the multivariate logistic regression
analysis described in Table 3, the independent factors
determining HTPR were age [odds ratio (OR): 1.030;
95% confidence interval (CI): 1.002–1.058; P=0.036],
therapy methods (OR: 2.812; 95% CI: 1.512–5.232;
P=0.001), BMI (OR: 1.313; 95% CI: 1.028–1.245;
P=0.012), diabetes history (OR: 0.322; 95% CI:
0.148–0.699; P=0.004), CYP2C19

∗
2 (OR: 0.512; 95%

CI: 0.287–0.915; P=0.024), or CYP2C19
∗
3 (OR: 0.158;

95% CI: 0.071–0.354; P=0.000). Figure 1 shows the
distribution of non-HTPR and HTPR patients in different
risk factor groups.

The predictive model of HTPR

The predictive model of HTPR based on these risk factors
was built as follows:

Logit ðPÞ ¼ �9:672þ 0:029 � ðAgeÞ þ 1:034
� ðTherapy regimenÞ þ 0:123ðBMIÞ
� 1:133ðDiabetesÞ � 0:669 � ðCYP2C19 � 2Þ
� 1:843 � ðCYP2C19 � 3Þ

Model discrimination and calibration
The area under the ROC curve for the prediction of HTPR
was calculated using predicted probabilities and outcomes
of HTPR according to the cut-off by LTA MPA of each
patient. The area under the ROC curve was only 0.793
(95% CI: 0.738–0.848), sensitivity 76.3%, specificity
74.2%, and Youden index 0.506. The positive likelihood

http://www.cmj.org


Table 1: Demographic and clinical baseline characteristics (categorical data).

Variables All (n = 441) Non-HTPR (n = 365) HTPR (n = 76) x2 OR (95% CI) P

Gender
Male 341 (77.3) 290 (79.5) 51 (67.1) 5.469 1.895 (1.103–3.258) 0.024
Female 100 (22.7) 75 (20.5) 25 (32.9)

Diagnosis
NCIS 92 (20.9) 78 (21.4) 14 (18.4)
CAHD 328 (74.4) 268 (73.4) 60 (78.9) 1.395 NA 0.498
IPVE 21 (4.8) 19 (5.2) 2 (2.6)

Therapy regimen 6.184 0.523 (0.312–0.876) 0.016
Regular DAPT 233 (52.8) 183 (50.1) 50 (65.8)
Intensive DAPT 208 (47.2) 182 (49.9) 26 (34.2)

Hypertension 200 (45.4) 152 (41.6) 48 (63.2) 11.747 2.402 (1.442–4.002) 0.001
Diabetes 120 (27.2) 87 (23.8) 33 (43.4) 12.182 2.452 (1.467–4.098) 0.001
Smoking 206 (46.7) 177 (48.5) 29 (38.2) 2.699 0.655 (0.395–1.087) 0.129
Alcoholic 24 (5.4) 20 (5.5) 4 (5.3) 0.006 0.958 (0.318–2.888) 1.000
CYP2C19

∗
2

GG 233 (52.8) 197 (54.0) 36 (47.4) 1.101 0.768 (0.468–1.259) 0.314
GA 168 (38.1) 137 (37.5) 31 (40.8) 0.283 1.146 (0.692–1.898) 0.605
AA 40 (9.1) 31 (8.5) 9 (17.2) 0.855 1.477 (0.659–3.180) 0.379

CYP2C19
∗
3

GG 393 (89.1) 334 (91.5) 59 (77.6) 12.485 0.322 (0.168–0.619) 0.001
GA 45 (10.2) 29 (7.9) 16 (21.1) 11.794 3.090 (1.582–6.034) 0.001
AA 3 (0.7) 2 (0.5) 1 (1.3) 0.549 2.420 (0.217–27.033) 0.434

CYP2C19 phenotype
EM 197 (44.7) 175 (47.9) 22 (11.2) 9.185 0.442 (0.259–0.756) 0.002
IM 189 (42.9) 148 (40.5) 41 (21.7) 4.612 1.718 (1.045–2.824) 0.041
PM 55 (12.5) 42 (11.5) 13 (17.1) 1.806 1.587 (0.805–3.126) 0.184

Data are presented as n (%). CAHD: Coronary atherosclerosis heart disease; HTPR: High on-treatment platelet reactivity; IPVE: Ischemic perivascular
events; NA: Not applicable; NCIS: Non-cardioembolic ischemic stroke; OR: Odds ratio; PCI: Percutaneous coronary intervention.

Table 2: Demographic and clinical baseline characteristics (continuous variables).

Variables All (n = 441) Non-HTPR (n = 365) HTPR (n = 76) F or Z P

Age (years) 62.15±11.09 61.71±10.79 64.28±12.28 2.566 0.067
BMI (kg/m2) 24.13±2.97 23.99±2.92 24.78±3.13 0.126 0.037
HbA1c (%) 6.1 (5.7–6.7) 6.1 (5.7–6.6) 6.2 (5.8–7.3) �1.889

∗
0.059

LTA-MPA (%) 26.0 (17.0–40.0) 23.0 (15.0–32.0) 56.5 (50.0–61.0) �13.725
∗

0.000
Platelet (109/L) 228.7±59.4 226.7±58.0 237.9±65.3 4.186 0.172
PDW (fL) 15.88±1.92 15.87±1.95 15.96±1.81 0.517 0.137
MPV (fL) 8.53±1.43 8.50±1.40 8.69±1.53 2.052 0.297
PCT 1.85±0.51 1.83±0.49 1.95±0.55 3.752 0.043
CHOL (mmol/L) 4.46±1.10 4.41±1.11 4.72±1.01 0.549 0.026
LDL (mmol/L) 2.72±0.96 2.68±0.96 2.91±0.94 0.128 0.056
HDL (mmol/L) 1.05±0.27 1.04±0.25 1.10±0.32 0.904 0.086
TRIG (mmol/L) 1.60±0.94 1.60±0.96 1.60±0.81 0.268 0.963

Dataare presented asmean± standarddeviation ormedian (P25–P75).
∗
Z value. BMI:Bodymass index;CHOL:Cholesterol;HDL:High-density lipoprotein;

HTPR:Highon-treatment platelet reactivity; LDL:Low-density lipoprotein; LTA-MPA:Maximal platelet aggregationby light transmittance aggregometry;
MPV: Mean platelet volume; PCT: Plateletcrit; PDW: Platelet distribution width; PLT: Platelet counts; TRIG: Triglyceride; URIC: Uric acid.

Table 3: Multivariate regression analysis to predict HTPR after clopidogrel treatment.

Variables B OR 95% CI P

Age 0.029 1.030 1.002–1.058 0.036
Therapy regimen 1.034 2.812 1.512–5.232 0.001
BMI 0.123 1.131 1.028–1.245 0.012
Diabetes �1.133 0.322 0.148–0.699 0.004
CYP2C19

∗
2 �0.669 0.512 0.287–0.915 0.024

CYP2C19
∗
3 �1.843 0.158 0.071–0.354 0.000

BMI: Body mass index; CI: Confidence interval; HTPR: High on-treatment platelet reactivity; OR: Odds ratio.
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ratio was 2.96, and the negative likelihood ratio was 0.32
[Figure 2].

was not significant (P=0.231). It was also apparent in the
calibration plot [Figure 3]. This suggests that there was no

Figure 1: Distribution of non-HTPR and HTPR patients in different risk factor groups. (A) HTPR between therapy groups. (B) HTPR between BMI groups. (C) HTPR between non-diabetics and
diabetics groups. (D) HTPR between CYP2C19 variation groups. BMI: Body mass index; DAPT: Dual antiplatelet therapy; HTPR: High on-treatment platelet reactivity.

Figure 2: ROC curve analysis to the HTPR predictive model. AUC: Area under curve; CI:
Confidence interval; HTPR: High on-treatment platelet reactivity; ROC: Receiver operating
characteristic.

Chinese Medical Journal 2019;132(9) www.cmj.org
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The performance of the HTPR predictive model assessed in
terms of calibration, using the Hosmer-Lemeshow test,

1

statistically significant difference between the predicted
and observed outcomes.

Clinical outcomes

Clinical follow-up was available in 96.3% (441 patients
were available and 17 were lost). A total of 52 patients
suffered from MACE by 18 to 33 months of follow-up
after discharge. Among them, 30 had stable or unstable
angina pectoris, six had myocardial infarction, three had
heart failure, 10 had an ischemic stroke or transient
ischemic attack, two had gastrointestinal bleeding, and one
died. Compared with the non-HTPR group, the HTPR
group had a higher risk of MACE (21.1% vs. 9.9%;
x2=7.572, P=0.010) and shorter mean survival time
(29.6 vs. 31.2 months; x2=6.880, P=0.009). The Kaplan-
Meier curve was constructed [Figure 4]. A log-rank test was
run todeterminewhether thereweredifferences in treatment
failure distribution for the HTPR group compared with the
non-HTPR group. The survival distribution for the two
groups was statistically different (x2=6.880, P=0.009).
However, CYP2C19

∗
2 (x2=0.220, P=0.639) and

CYP2C19
∗
3 (x2=0.070, P=0.792) were not statistically

different in the rate of MACE.

Discussion
We confirm that age, therapy method, BMI, diabetes
history, and CYP2C19

∗
2 or CYP2C19

∗
3 correlated with

HTPR on clopidogrel defined by LTA (MPA >46%) in

http://www.cmj.org


patients with acute ischemic vascular events who received
DAPT, whereas gender, current smoking, HbA1c, platelet

We built the predictive model of HTPR on the basis of
these risk factors; the purpose of the predictive model was

Figure 3: Calibration of the model to predicting HTPR assessed by Hosmer-Lemeshow goodness-of-fit test. HTPR: High on-treatment platelet reactivity.

Figure 4: Kaplan-Meier analysis of incidence of MACE, according to platelet function analysis. HTPR: High on-treatment platelet reactivity; MACE: Major adverse clinical events.
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counts, PDW, and MPV, which were thought to be risk
factors for HTPR in previous studies,[11,16] were not
significantly correlated with HTPR incidence.

1

to assess potential risks, manage treatment, and avoid
recurrence of ischemic vascular events. The performance of
the predictive model in this study was assessed by the

http://www.cmj.org


discrimination and calibration of the model. The area
under the ROC curve for a prognostic model is classically

that CYP2C19
∗
2 or

∗
3 carriers are prone to HTPR and

ischemic events. Furthermore, the U.S. Food and Drug

Chinese Medical Journal 2019;132(9) www.cmj.org
between 0.6 and 0.85.[33] In our study, the ROC curve was
0.793, so the predictive model of HTPR might have useful
discrimination.

The accuracy of the model was assessed by examining the
calibration; a better way to assess the fit of a logistic
regression model was to compare the predicted and
observed values. We found that the predicted values were
very close to the observed values in the calibration plot.
Therefore, there was excellent agreement between the
predicted and observed values in predicting HTPR in this
study. The predictive model of HTPR had a good
calibration.

In addition, a follow-up of median 29months revealed that
platelet function testing was helpful in judging clinical
outcomes, and patients with HTPR seemed to have a
higher incidence of MACE.

Genetic factors contributing to clopidogrel HTPR
059
Genetic factors, especially CYP2C19 polymorphisms,
contributed to high HTPR and increased thrombotic
events in patients with CAHD and NCIS on clopidogrel,
and even induced major complications.[21,34,35] The
CYP2C19 genotype is highly polymorphic; more than
25 alleles have variable enzymatic activity levels, but the
most extensively studied variants are CYP2C19

∗
2 and

CYP2C19
∗
3, both of which involve replacement of

guanine (G) with adenine (A).[17,36] The presence of at
least one allele of the CYP2C19

∗
2 is observed in 30.26%of

East Asians, whereas the CYP2C19
∗
3 allele is present in

less than 7%.[37] In our study, the frequency of
CYP2C19

∗
2 was 47.2% (681 GA: 38.1%; 681 AA

9.1%) in total; of CYP2C19
∗
3, it was 10.9% (636 GA:

10.2%; 636 AA: 0.7%), which is higher than the East
Asian population overall level.

Bouman et al[16] proved that clopidogrel response was
significantly influenced by the presence of CYP2C19
polymorphisms. Similar results were reported by many
scholars in this field,[17-20] and we confirmed again that the
CYP2C19

∗
2 and CYP2C19

∗
3 variations were correlated

with non-responsiveness to clopidogrel treatment. As is
well known, clopidogrel, as a prodrug, must be metabo-
lized to release clopidogrel’s active metabolites (clop-AM)
by the P450 system in the hepatocytes.[14] During the two-
step conversion process from clopidogrel to its active
compound in hepatic biotransformation of clopidogrel, the
CYP2C19 enzyme is responsible for 45% of the first step
and 20% of the second step,[13] and it is estimated that
CYP2C19 (a member of the P450 system) contributes to
about 50% of the overall formation of clop-AM from
clopidogrel and thus plays a substantial role in the
bioactivation of clopidogrel.[13] In a linear mixed-effects
model based on active metabolite measurements, carriage
of CYP2C19

∗
2 or

∗
3 was associated with the most

significant reduction (32%, P<0.001) in area under the
curve (AUC) 0–24, compared with the genetic variation in
the other cytochrome P450 enzymes involved in clopi-
dogrel metabolism.[15] Therefore, it is not hard to explain

1

Administration declared in a boxed warning dated March
12, 2010, that CYP2C19

∗
2 and

∗
3 alleles were devoid of

the functional metabolism of clopidogrel and likewise
made platelets likely to form blood clots.[38]

Most studies confirmed that CYP2C19
∗
2 was indepen-

dently associated with HTPR.[16-21] However, concerning
CYP2C19

∗
3 polymorphism, some authors believed that it

had no relationship with HTPR,[18-20] and a few studies
drew the conclusion that it had nothing to do with
CYP2C19

∗
2 or CYP2C19

∗
3.[39,40] Maybe the following

reasons can explain this phenomenon: first, the study
population was relatively small. Golukhova et al[39]

collected only 94 patients. Second, the overall contribution
of CYP2C19 polymorphism to HTPR is little and can only
explain a partial effect.[24] However, in the population we
studied, including the HTPR group, the detection rate of
CYP2C19

∗
2 or CYP2C19

∗
3was relatively high. Third, the

platelet function detection methods were different in the
previous studies, and the definition of HTPR was also
different, which resulted in statistical errors. Finally,
statistical errors may be related to insufficient samples
originating from a low frequency of CYP2C19

∗
3.[37]

Non-genetic factors contributing to clopidogrel HTPR
The failure in clopidogrel response may also be due to non-
genetic factors,[13] for example, multiple chronic con-
ditions and therapy options; chronic mechanisms, includ-
ing age, diabetes mellitus, and elevated BMI, as the results
of regression analysis in this study showed.

Ischemic event rates are routinely higher in diabetic patients,
and this couldbedue to an increased rate of clopidogrel non-
responsiveness in these patients.[22,24] As found in our
research, the frequency of HTPR was 13.4% in the
non-diabetics group and 27.5% in the diabetics group
(P=0.000). Compared with non-diabetics, patients with
diabetes exhibited increased platelet reactivity; even a
loading dose of clopidogrel was not sufficient to overcome
increasedplatelet reactivity adequately inpatientswith type-
2 diabetes.[23] Currently, almost all studies have concluded
that diabetes is an independent risk factor for predicting
HTPR,[22,23,35] which we confirm again in our study (OR:
0.322, 95% CI: 0.148–0.699; P=0.004). This possibly
stems from the following reasons. At first, diabetes mellitus
(DM) subjects tend to have higher MPV on platelet
morphology changes[25,41] and are associated with high
residual platelet reactivity after DAPT.[11] Second, a
mutation of insulin receptor substrate-1 was associated
with a significantly higher prevalence ofHTPR.[42,43] Third,
poor clopidogrel response in patients with DM was
attributed to the lower systemic exposure to clop-AM
rather than changes in platelet response.[43] Finally, some
hypoglycemic agentsmayaffectHTPRonclopidogrel.[44] In
addition, quite a few patients with DM have higher BMI. In
short, the cause of diabetes leading to clopidogrel response
variability is very complicated.

Higher BMI (r=0.14, P=0.023) in patients treated with
DAPT for coronary artery disease is related to increased
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platelet reactivity and a higher prevalence of HTPR in
clopidogrel-treated patients.[16,45] We believe that BMI

authors oppose this view; they think there is no
incremental predictive value over common cardiovascular

1. Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, et al. Prevalence,

Chinese Medical Journal 2019;132(9) www.cmj.org
(OR: 1.313; 95% CI: 1.028–1.245; P=0.012) affects
platelet reactivity, and it seems that there is a tendency for
higher frequency of HTPR as BMI increases (HTPR
frequency, BMI �23.9 vs. 24 �BMI �27.9 vs. BMI ≥28;
12.6%, 20.3%, and 25.0%, respectively). Jakubowski
et al[46] thought that it was an inverse relationship between
body size, exposure to Clop-AM, and platelet reactivity.
Similar results were reported by Jiang et al.[47] Moreover,
compared with patients with lower body weight (56.4±
3.7kg), patients with higher body weight (84.7±14.9kg)
had about 30% lower clop-AM plasma AUC, which
ultimately led to higher on-treatment platelet reactivity in
these obese patients.[48]

In patients receiving DAPT, advanced age (≥70 years) is
independently associated with reduced effectiveness of
ADP antagonists,[49] and similar conclusions were
reported by other authors.[47,50] We believe a significant
association exists between older age and higher prevalence
of HTPR following clopidogrel treatment (OR: 1.030;
95% CI: 1.002–1.058, P=0.036). A decreased conversion
to its active metabolites due to a decline in the activity of
the liver CYP450 enzymes in advanced age may be a good
explanation.[51]

Clopidogrel dose-related effect could be responsible for the
reduced atherothrombotic complications, including less
stent thrombosis,[52] and compared with the standard
clopidogrel dosage, the high loading regimen resulted in
significantly lower mean platelet reactivity to ADP, with a
lower proportion of patients exhibiting clopidogrel non-
responsiveness (28% vs. 11%, P=0.004).[53] Our findings
were similar to this; patients in the intensive DAPT group
had a lower frequency of HTPR than did the regular DAPT
group (Figure 1A: 21.5% vs. 12.5%, P=0.013), and the
dose of clopidogrel was correlated with platelet reactivity
(OR: 2.812; 95% CI: 1.512–5.32; P=0.001) [Table 3]. It
was not difficult to understand that clopidogrel’s pharma-
cokinetics and pharmacodynamics contributed to the
lower frequency of HTPR.[13]

In addition, in this study, we did not find a correlation
between current smoking and HTPR, and similar results
were reported by Kim et al[54]: cigarette smoking does not
enhance clopidogrel responsiveness. As Kim et al[54]

explained, it is possible that hemoglobin concentration
might have an influence on P2Y12 reaction units (PRUs)
and LTA MPA value that is unrelated to intrinsic platelet
reactivity.

Platelet function and clinical outcomes
060
By applying platelet function testing, our study showed a
significant correlation between LTA ADP response and
clinical outcomes, results similar to some authors.[28,55]

Laboratory clopidogrel non-responsiveness has been
thought to be a marker of increased risk of MACE in
patients undergoing percutaneous coronary intervention
(PCI) with stenting.[56] Therefore, the determination of
HTPR is conducive to guiding clinical application and
reducing the occurrence of MACE. Of course, some

1

risk factors for MACE recurrence in stable cardiovascular
outpatients.[29,57] Therefore, to clarify the relationship
between HTPR and clinical outcomes, further research is
needed with expanded sample size.

Study limitation
It should be noted that this study has examined only
demographic data and partial lifestyle, laboratory results,
and therapy regimens. As a matter of fact, HTPR was
affected by more confounding factors.[13] Therefore, we
should include more candidate factors in the next step.

Conclusion
Notwithstanding its limitation, this study does suggest that
advanced age, higher BMI, treatment with regular DAPT,
diabetes, and CYP2C19

∗
2 or CYP2C19

∗
3 carriers are

significantly associated with HTPR to clopidogrel, mea-
sured by LTA. The predictive model of HTPR might have
useful discrimination and good calibration and may
predict the long-term MACE.
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