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Abstract

Introduction: There are few studies on the relationship
between the occurrence of clopidogrel-related high residual
platelet reactivity (HRPR) and estimated glomerular filtration
rate (eGFR) at admission in patients with ischemic stroke.
The aim of this study was to investigate the possible rela-
tionship between the two. Methods: Patients who were
hospitalized and diagnosed with acute ischemic stroke were
recruited from July 1, 2017, to June 30, 2018, at Shanghai
TCM-Integrated Hospital. Renal function was measured
within 24 h of enrollment and eGFR was calculated. Patients
were tested for platelet reactivity using the VerifyNow
system after 7 days of antiplatelet therapy with clopidogrel
75 mg/d alone, and patients with P2Y12 reaction unit
values >230 were diagnosed with HRPR. The association

between HRPR and eGFR was analyzed. Results: A total of
274 patients were enrolled in the study, of whom 91
(33.21%) had HRPR. Multivariate logistic regression analysis
suggested that an increased risk of HRPR was independently
associated with female sex and reduced eGFR (female sex:
OR = 2.24, 95% Cl: 1.26-3.99, p = 0.006; mild chronic kidney
disease [CKD]: OR = 295, 95% ClI: 1.47-5.93, p = 0.002;
moderate CKD: OR = 3.07, 95% Cl: 1.08-8.75, p = 0.04).
Conclusion: Decreased eGFR is an independent risk factor
for the occurrence of HRPR in patients with ischemic stroke.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Clopidogrel is widely used as antiplatelet therapy in
patients with ischemic stroke but is often less effective in
the treatment of patients with combined chronic kidney
disease (CKD) [1, 2]. There are studies (mostly in relation
to cardiovascular diseases) showing that decreased renal
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function leads to high residual platelet reactivity (HRPR)
related to clopidogrel [3-6]. The occurrence of HRPR
prevents clopidogrel from adequately inhibiting platelet
aggregation and therefore increases the risk of recurrent
ischemic events in stroke patients.

Glomerular filtration rate, the best overall indicator of
renal function, is often replaced by estimated glomerular
filtration rate (eGFR) in clinical practice due to its
complicated and poorly operationalized testing proce-
dure, and eGFR is used to assess the severity of CKD [7].
As a result, some researchers have begun to focus on the
relationship between eGFR and HRPR. Clinical studies
investigating the relationship between eGFR and HRPR
are still relatively limited. Although some studies have
found that a severe decline in eGFR is an important factor
in the occurrence of HRPR, most of these studies have
focused on cardiovascular and renal diseases. A few
studies have looked at ischemic stroke but have only
included it as part of cardiovascular disease and not
analyzed it separately. There is still a lack of research on
the relationship between eGFR and HRPR in patients
with ischemic stroke.

Therefore, this study recruited patients with acute
ischemic stroke treated with clopidogrel to clarify the
relationship between the occurrence of HRPR and eGFR
in patients with ischemic stroke and to provide a more
effective antiplatelet strategy for patients with ischemic
stroke combined with decreased renal function.

Materials and Methods

Study Design

This was a prospective observational clinical trial. Patients with
acute ischemic stroke were admitted to the Shanghai TCM-
Integrated Hospital between July 1, 2017, and June 30, 2018.
Patients who met the inclusion criteria were treated with a loading
dose of 300 mg of clopidogrel on the first day of enrollment,
followed by a daily dose of 75 mg. All patients or their legal
representatives signed an informed consent form. The Institu-
tional Review Board of Shanghai TCM-Integrated Hospital ap-
proved the clinical trial in December 2016 (NO.2016-012-2). The
study complies with the Declaration of Helsinki.

Study Population

Inclusion criteria for recruitment to this study are as follows: (1)
age >18 years for both genders; (2) diagnosis of acute ischemic
stroke; (3) within 72 h of symptom onset; (4) MR/CT showing an
area of ischemic infarction and excluding the possibility of
hemorrhage; (5) NIHSS <25. Exclusion criteria are as follows: (1)
nonvascular intracranial diseases (e.g., intracranial tumors, mul-
tiple sclerosis, etc.); (2) radiological examinations suggesting that
the area of the recent cerebral infarction is larger than 1/2 the area
of a single lobe; (3) radiological examinations suggesting the post-

84 Cerebrovasc Dis Extra 2023;13:83-89
DOI: 10.1159/000534466

infarction hemorrhagic transformation of the recent cerebral in-
farction; (4) allergy to clopidogrel; (5) taking medium- to high-
intensity CYP2C19 inhibitors (e.g., omeprazole and esomepra-
zole); (6) patients with atrial fibrillation; (7) previous history of
intracranial hemorrhage (e.g., cerebral hemorrhage, subarachnoid
hemorrhage, etc.); (8) history of gastrointestinal bleeding or major
surgery within 90 days; (9) severe organic disease with survival
expectancy of less than 6 months; (10) pregnant women or those
preparing for pregnancy.

Data Collection

We collected clinical data from patients, including sex, age,
comorbidities (hypertension, diabetes, hyperlipidemia), his-
tory of heart disease or stroke, renal function, Holter moni-
toring electrocardiogram, and radiological examinations (brain
CT/MR). All patients underwent brain CT and MR within
72 h of enrollment.

Fasting venous blood was drawn on day 7 after 2 h of clopi-
dogrel administration for platelet function testing. Patients’ P2Y12
reaction units (PRUs) were tested using the VerifyNow system
(Accumetrics Inc., San Diego, CA, USA), and a PRU value >230
was defined as HRPR according to previous studies.

Fasting venous blood samples were collected within 24 h of
enrollment and sent to the laboratory for serum creatinine and
urea nitrogen testing. The Chinese CKD-EPI equation was used to
calculate eGFR values, with an adjustment factor for the Chinese
population of 1.1: eGFR = 141 x min (SCr/k,1)a x max (SCr/k,1) —
1.209 x 0.993 age x 1.018 (if female) x 1.1 [8]; where k values are
0.9 for males and 0.7 for females; a are 0.411 for males and —-0.329
for females; min is taken as the minimum of SCr/k and 1 and max
as the maximum of SCr/k and 1. Patients with eGFR >90 mL/min
per 1.73 m? were defined as having normal renal function, those
with 60 < eGFR <90 mL/min per 1.73 m? as having mild CKD, and
those with eGFR <60 mL/min per 1.73 m? as having moderate
CKD, according to the NKF-KDOQI guidelines [1, 9].

Statistical Analysis

Categorical variables are expressed as rates (%), continuous
variables conforming to normal distribution are expressed as
the mean + standard deviation, and continuous variables not
conforming to normal distribution are expressed as the median
(interquartile range). The x> test was used for categorical
variables in the baseline data, the t test for continuous variables
conforming to normal distribution, and the Kruskal-Wallis H
test for continuous variables not conforming to normal dis-
tribution. The difference in the proportion of patients with
HRPR in each renal function category was compared using the
2 x C test and pairwise comparison. Univariate logistic re-
gression analysis and multivariate logistic regression analysis
were performed with HRPR as a binary variable, and factors
with p < 0.1 in the univariate logistic regression analysis were
included in the multivariate logistic regression analysis. SPSS
(IBM, SPSS Statistics, version 25; SPSS Inc., Chicago, IL, USA)
was used to perform the above statistical analyses. Statistical
graphs were generated using GraphPad (GraphPad Prism,
version 8.0.2; GraphPad Software, San Diego, CA, USA). The
test level a was set at 0.05. The test level a for multiple
comparisons between the three groups of renal function was
adjusted to a’ = 0.017 using the Bonferroni correction.
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Table 1. Baseline characteristics according to eGFR categories

Variables eGFR >90 mL/min per eGFR 60-89 mL/min per eGFR <60 mL/min per p value
1.73 m? (n = 100) 1.73 m? (n = 135) 1.73 m? (n = 39)
Age, median (IQR), years 59.5 (55-66) 72 (63-80) 78 (72-85) <0.001
Female sex, n (%) 19 (19.00) 45 (33.33) 17 (43.59) 0.007
BMI, median (IQR), kg/m? 23.91 (21.66-25.95) 23.88 (22.31-25.95) 23.94 (21.26-25.95) 0.93
Medical history, n (%)
Hypertension 67 (67.00) 96 (71.11) 33 (84.62) 0.12
Hyperlipidemia 83 (83.00) 107 (79.26) 30 (76.92) 0.66
Diabetes mellitus 42 (42.00) 47 (34.81) 15 (38.46) 0.53
Heart disease 15 (15.00) 0 (22.22) 13 (33.33) 0.054
Stroke 31 (31.00) 5 (33.33) 10 (25.64) 0.66
HRPR, n (%) 15 (15.00) 5 (40.74) 21 (53.85) <0.001
eGFR, median (IQR), mL/min 98.17 (94.74-101.97) 78 04 (69.30-85.66) 49.11 (37.94-56.88) <0.001

per 1.73 m?

eGFR, estimated glomerular filtration rate; IQR, interquartile range; BMI, body mass index; PRU, platelet reaction unit; HRPR, high

residual platelet reactivity.

Results

Baseline Characteristics

A total of 274 patients were enrolled in this study. 100
(36.50%) of these patients had normal renal function
(eGFR >90 mL/min per 1.73 m?), 135 (49.27%) had mild
CKD (60 < eGFR <90 mL/min per 1.73 m?), and 39
(1423%) had moderate CKD (eGFR <60 mL/min per
1.73 m?). The median eGFR at baseline for the three groups
of normal renal function, mild CKD, and moderate CKD
were 98.17 (94.74-101.97) mL/min per 1.73 m? 78.04
(69.30-85.66) mL/min per 1.73 m?, and 49.11 (37.94-56.88)
mL/min per 1.73 m? respectively (Table 1).

There were significant differences in age, gender, PRU
values, and percentage of patients with HRPR between
the normal renal function, mild CKD, and moderate
CKD groups. There were 15 (15.00%) HRPR patients in
the normal renal function group, 55 (40.74%) HRPR
patients in the mild CKD group, and 21 (53.85%) HRPR
patients in the moderate CKD group. The proportion of
HRPR patients in the mild CKD group was significantly
higher than in the normal renal function group (p <
0.001). However, there was no statistically significant
difference in the proportion of HRPR patients between
the mild and moderate CKD groups (p = 0.15) (Fig. 1).

Univariate and Multivariate Analyses Using Binary

Logistic Regression for HRPR

Analysis was performed with HRPR as a binary variable.
The univariate logistic regression analysis showed statisti-
cally significant differences in the elderly (age >65 years),
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female sex, heart disease history, increased SCr, and CKD
stages (Age: OR =2.74,95% CI: 1.57-4.77, p < 0.001; female
sex: OR = 2.72, 95% CI: 1.58-4.66, p < 0.001; heart disease
history: OR = 1.89, 95% CI: 1.04-3.42, p = 0.03; increased
SCr: OR = 2.81, 95% CI: 1.26-6.30, p = 0.009; mild CKD:
OR = 3.90, 95% CI: 2.04-7.44, p < 0.001; moderate CKD:
OR =6.61,95% CI: 2.87-15.24, p < 0.001). The multivariate
logistic regression analysis showed that the female sex and
CKD stages were independently associated with the oc-
currence of HRPR. The risk of HRPR in female patients was
2.24 times higher than in male patients (female sex: OR =
2.24, 95% CI: 1.26-3.99, p = 0.006). The risk of HRPR was
2.95 times higher in patients with mild CKD and 3.07 times
higher in patients with moderate CKD than in patients with
normal renal function (mild CKD: OR = 2.95, 95% CIL:
1.47-5.93, p = 0.002; moderate CKD: OR = 3.07, 95% CIL:
1.08-8.75, p = 0.04) (Table 2).

Discussion

This study found that mild (60 < eGFR <90 mL/min
per 1.73 m?) and moderate (eGFR <60 mL/min per
1.73 m?) CKD in ischemic stroke patients was an inde-
pendent risk factor for the occurrence of HRPR. The
results demonstrate an association between HRPR and
eGFR in ischemic stroke patients and have positive im-
plications for the clinical management of patients with
CKD in combined ischemic stroke patients.

Previous clinical studies have shown that the expres-
sion of several platelet activation markers (including
P-selectin, glycoprotein-53, and activated fibrinogen
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Fig. 1. HRPR patient numbers in different eGFR categories. HRPR, high residual platelet reactivity; eGFR,

estimated glomerular filtration rate. *p < 0.001, significant level is adjusted to 0.017.

Table 2. Factors associated with HRPR

Variables Univariate analysis Multivariate analysis*
OR 95% CI p value OR  95% ClI p value
Age =65 years 2.74 157-4.77 <0.001 1.54 0.82-2.88 0.18
Female sex 2.72 1.58-466 <0.001 224 1.26-3.99 0.006
BMI >30 kg/m? 0.59 0.16-2.20 043 — — —
Medical history
Hypertension 1.17 0.67-2.05 0.59 — — —
Hyperlipidemia 0.81 0.44-1.51 0.51 - — —
Diabetes mellitus 0.78 0.46-132 035 - — —
Heart disease 1.89 1.04-342 0.03 149 0.79-2.82 0.22
Stroke 140 0.82-2.38 0.22 - - —
Laboratory test
BUN abnormal 133 0.65-2.74 044 - — —
SCr abnormal 281 1.26-6.30 0.009 1.95 0.71-541 0.20
eGFR category <0.001 0.008
Normal renal function Ref Ref Ref Ref  Ref Ref
Mild CKD 390 2.04-744 <0.001® 295 1.47-593 0.002
Moderate CKD 6.61 2.87-1524 <0.001? 3.07 1.08-8.75 0.04

OR, odd ratios; Cl, confidence intervals; BMI, body mass index; BUN, blood urea
nitrogen; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; CKD,
chronic kidney disease; HRPR, high residual platelet reactivity. *Adjusted for age,
gender, medical history of heart disease, SCr, and eGFR category. ?Significance level is

adjusted to 0.017.

receptor) is negatively correlated with eGFR [10]. Sub-
sequently, a clinical study found a negative correlation
between eGFR and platelet reactivity and identified stage
V eGFR as an independent predictor of HRPR occurrence

86 Cerebrovasc Dis Extra 2023;13:83-89
DOI: 10.1159/000534466

after adjustment for confounders [11]. A meta-analysis in
2019 showed that patients with CKD have a higher in-
cidence of HRPR after clopidogrel treatment than pa-
tients with normal renal function [12]. This means that
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patients with CKD are more likely to have HRPR. This
finding is consistent with the current study. In addition,
our study found that the severity of CKD did not affect
the incidence of HRPR. There was no significant dif-
ference in the risk of HRPR between patients with mild
and moderate CKDs (mild CKD vs. moderate CKD =
40.74% vs. 53.85%, p = 0.15, o/ = 0.017). A recent study
also found that moderate-severe CKD (eGFR <60 mlL/
min per 1.73 m?) was associated with an increased in-
cidence of HRPR during clopidogrel treatment in patients
with ACS treated with dual antiplatelet therapy [13]. In
this study, a reanalysis excluding patients treated with
clopidogrel found no statistical difference in platelet
reactivity between patients with normal and abnormal
eGFR [13]. This finding suggests that HRPR in CKD may
be associated only with clopidogrel and not with other
P2Y12 inhibitors. Some investigators have suggested that
reduced expression of enzymes involved in clopidogrel
metabolism in patients with CKD may be a possible cause
of HRPR [14, 15]. All of these studies were focused on
renal or cardiovascular diseases, but there is a lack of
research on the association between HRPR and eGFR in
patients with ischemic stroke. This study identifies de-
creased eGFR as an independent risk factor for the oc-
currence of HRPR in patients with ischemic stroke. Some
investigators have also found that platelet reactivity de-
clined in patients with CKD compared with patients with
normal renal function and that platelet reactivity does not
improve with increasing doses of clopidogrel in patients
with CKD [16]. Some studies have found an independent
association between clopidogrel-related HRPR and stroke
recurrence or other ischemic events [17, 18]. Therefore,
ischemic stroke patients with decreased eGFR may not be
prioritized for antiplatelet therapy with clopidogrel
without platelet reactivity monitoring. Conversely, in
patients who have undergone platelet reactivity testing,
clopidogrel can be considered if HRPR has not occurred,
but subsequent platelet reactivity monitoring is still re-
quired. If HRPR has occurred, we recommend clopi-
dogrel not be regarded as the first choice.

The VerifyNow system was performed for platelet
reactivity testing in this study. This system uses the whole
blood sample for testing. A post-hoc analysis of a large
clinical trial found that the risk of HRPR was higher in
patients with CKD than in non-CKD patients, although
this difference disappeared after correction for con-
founders [6]. This indicates that CKD does not have an
independent effect on the occurrence of HRPR but rather
serves as a comorbid marker of higher platelet reactivity.
This outcome may be attributed to the utilization of
whole blood samples, which could potentially interact

Clopidogrel Resistance and eGFR in Stroke

with certain markers in the VerifyNow system [19].
Furthermore, previous studies have shown that the use of
different assays to detect platelet reactivity in patients
with CKD may cause differences in results [12, 20].
Various factors, such as diabetes, smoking, hypertension,
congestive heart failure, and elderly age, have been as-
sociated with the occurrence of HRPR and the associated
decline in renal function [21-23]. It should be noted that
whole blood testing may interfere with the results and
cannot be excluded.

Our study also showed that the female sex was an
independent risk factor for HRPR. This is in line with
previous findings [24, 25]. This may be because female
platelets have a higher density of receptors to bind fi-
brinogen than male platelets, resulting in a higher platelet
aggregation capacity induced by ADP agonists [26].

This study has some limitations: first, the renal
function-related indicators of the patients enrolled three
months ago were not retraced. The decreased eGFR in
some patients may be influenced by other factors and
were not strictly CKD patients. Second, this study used
the VerifyNow system, which is widely recognized at
home and abroad, to test patients at bedside in a rapid
manner, rather than using tests such as photo-
turbidimetry, VASP, and thromboelastography to test
patients’ platelet aggregation capacity simultaneously.
Due to methodological differences, the above methods
may give different results for the same type of study [12].
Third, some studies indicate that there may be race-
related variations in the incidence of clopidogrel-
related HRPR [27, 28]. Clopidogrel, an active non-
precursor drug, requires activation by the enzyme
CYP2C19 in the liver [29]. Synthesis of this enzyme is
expressed through the CYP2CI9 gene, and its allele ex-
pression can increase, decrease, or even prevent the
metabolism of clopidogrel [29]. Research has revealed
polymorphic differences in the CYP2CI9 gene among
different races [30]. Only the yellow population was
included in this study, while such studies in the white and
black populations remain to be explored.

Conclusion

According to our study, the decreased eGFR is an
independent risk factor for the occurrence of HRPR.
Therefore, patients with decreased eGFR should be
monitored for standardized treatment and regular follow-
up to reduce the risk of HRPR. We also recommend
routine platelet function testing in CKD patients taking
clopidogrel and switching to other P2Y12 inhibitors or
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other types of antiplatelet agents, such as ticagrelor,
prasugrel, cilostazol, and aspirin, for patients who have
developed HRPR. Because we do not know whether
decreased eGFR affects the risk of ischemic events in
patients with ischemic stroke, we suggest that future work
on the impact of decreased eGFR on long-term anti-
platelet therapy in patients with ischemic stroke is still
needed.
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