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Background: Evidence on the risk –benefit ratio of dual anti-
platelet therapies among patients with stroke and impaired
renal function is limited and inconsistent.

Objective: To investigate the effect of renal function on the
efficacy and safety of ticagrelor –aspirin versus clopidogrel –
aspirin treatment.

Design: Post hoc analysis of a multicenter, randomized, double-
blind, placebo-controlled trial. (ClinicalTrials.gov: NCT04078737)

Setting: 202 centers in China.

Patients: CYP2C19 loss-of-function allele carriers with minor
stroke or transient ischemic attack.

Intervention: Ticagrelor –aspirin and clopidogrel –aspirin.

Measurements: Renal function was evaluated by estimated
glomerular filtration rate (eGFR) levels. The primary ef ficacy
and safety outcomes were recurrent stroke and severe or
moderate bleeding within 90 days, respectively.

Results: Among 6378 patients, 4050 (63.5%) had normal
(eGFR≥90 mL/min/1.73 m 2), 2010 (31.5%) had mildly decreased
(eGFR 60 to 89 mL/min/1.73 m 2), and 318 (5.0%) had moderately
to severely decreased (eGFR <60 mL/min/1.73 m 2) renal function.

The corresponding differences in recurrent stroke between
ticagrelor –aspirin and clopidogrel –aspirin for normal, mildly
decreased, and moderately to severely decreased renal function
was �2.8 percentage points (95% CI, �4.4 to �1.3 percentage
points) (hazard ratio [HR], 0.63 [CI, 0.49 to 0.81]), �0.2 percent-
age point (CI, �2.4 to 2.0 percentage points) (HR, 0.98 [CI, 0.69
to 1.39]), and 3.7 percentage points (CI, �2.3 to 10.1 percent-
age points) (HR, 1.31 [CI, 0.48 to 3.55]), respectively. Rates of
severe or moderate bleeding did not substantially differ by treat-
ment assignments across eGFR categories.

Limitation: Renal function was only evaluated by using eGFR,
and the proportion of patients with severely decreased renal
function was low.

Conclusion: Patients with normal, rather than impaired, re-
nal function received greater bene fit from ticagrelor –aspirin
versus clopidogrel –aspirin.
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Impaired renal function is associated with abnormalities
in platelet function, which may explain increases in both

thrombotic and hemorrhagic complications in patients
with stroke (1 –5). Antiplatelet therapies can reduce throm-
botic risk in patients with impaired renal function but come
at the expense of impaired hemostasis. This may alter the
risk–benefit ratio with antiplatelet therapies in patient with
stroke and impaired renal function. Therefore, determining
the optimal antiplatelet strategies in this population is of
utmost importance.

Dual antiplatelet therapy with clopidogrel –aspirin is
often recommended for preventing stroke (6 –8). Ticagrelor,
a reversible and direct-acting oral antagonist of the P2Y12
inhibitor, can provide greater, faster, and more consist-
ent P2Y12 inhibition than clopidogrel (9, 10). Ticagrelor

has been shown to be an effective antiplatelet therapy
for the prevention of recurrent stroke (11), particularly in
those carrying CYP2C19 loss-of-function (LOF) alleles
(12, 13). Reduced renal clearance of clopidogrel (and
less so ticagrelor) could increase the risk for increased
plasma concentrations in patients with impaired renal
function, so renal function needs to be considered
when selecting optimal antiplatelet therapy. Some stud-
ies suggested that patients with impaired renal function
may not derive the same degree of bene fit from clopi-
dogrel therapy as those with normal renal function (14, 15).
In contrast, some studies have suggested that patients with
impaired renal function received more bene fit from clo-
pidogrel or ticagrelor (16, 17). In addition, uncertainties
remain about whether the bene fit of ticagrelor –aspirin
versus clopidogrel –aspirin is in relation to renal function
among CYP2C19 LOF alleles carriers with minor ische-
mic stroke or transient ischemic attack (TIA).

Using data from the CHANCE-2 (Clopidogrel in High-
Risk Patients with Acute Nondisabling Cerebrovascular
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ticagrelor –aspirin versus clopidogrel –aspirin in patients
with minor stroke or TIA who carried CYP2C19LOF alleles
with different renal function evaluated by estimated glo-
merular filtration rate (eGFR) levels.

METHODS

Study Design and Populations
This study is a post hoc analysis of the CHANCE-2

trial. Details on the design, protocol, and primary results
of CHANCE-2 have been published elsewhere (12, 18)
(the study protocol, and the statistical analysis plan, can
also be found at Annals.org). Brie fly, CHANCE-2 was a
randomized, double-blind, controlled trial conducted at
202 centers across mainland China from 23 September
2019 to 22 March 2021 (ClinicalTrials.gov: NCT04078737).
A total of 6412 patients who met the following inclusion cri-
teria were enrolled; they: (1) were aged 40 years or older;
(2) had a mild acute ischemic stroke (National Institutes of
Health Stroke Score of ≤3) or a high-risk TIA (ABCD 2 [age,
blood pressure, clinical features, duration of TIA, and pres-
ence or absence of diabetes] score of ≥4); (3) were carriers
of CYP2C19LOF alleles; (4) had the trial drug adminis-
tered within 24 hours of symptom onset; and (5)
signed informed consent. The protocol of the trial
was approved by the ethics committee at Beijing
Tiantan Hospital (institutional review board approval
number: KY2019-035-02) and each participating site.
All participants or their representatives provided writ-
ten informed consent before enrollment.

Randomization and Treatment
Within 24 hours after symptom onset, eligible patients

carrying CYP2C19LOF alleles were randomly assigned in
a 1:1 ratio to receive ticagrelor –aspirin or clopidogrel –
aspirin. Patients were randomly assigned a number cor-
responding to a medication kit that was given to each
patient. Patients in the ticagrelor –aspirin group received
the clopidogrel placebo and a 180-mg loading dose of
ticagrelor on day 1 followed by 90 mg twice daily for
days 2 to 90. Patients in the clopidogrel –aspirin group
received the ticagrelor placebo and a 300-mg loading
dose of clopidogrel, followed by 75 mg daily together
for days 2 to 90. Both groups received a 75- to 300-mg
loading dose of aspirin on day 1, followed by 75 mg daily
for 21 days.

Calculation of eGFR
Venous blood samples were obtained before ran-

domization and were sent for laboratory analysis of creat-
inine concentration. The eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration
creatinine equation (CKD-EPI) (19): eGFR = 141 �min
(SCr/k,1)a�max (SCr/k,1)–1.209 � 0.993Age � 1.018 (if the
patient is female), where SCr is serum creatinine, k is 0.7
for female patients and 0.9 for male patients, a is �0.329
for female patients and �0.411 for male patients, min is the
minimum of SCr/k or 1, and max indicates the maximum of
SCr/k or 1. The CKD-EPI China equation was calculated
with a coef ficient of 1.1 (20). According to the National
Kidney Foundation Kidney Disease Outcomes Quality

Initiative (NKF-KDOQI) guidelines (21, 22), normal renal
function was de fined as an eGFR of at least 90 mL/min/
1.73 m2, mildly decreased renal function was de fined as
an eGFR of 60 to 89 mL/min/1.73 m 2, moderately
decreased renal function was de fined as an eGFR of 30 to
59 mL/min/1.73 m 2, and severely decreased renal function
was defined as an eGFR of less than 30 mL/min/1.73 m 2.

Outcomes Assessment
The primary outcome was a new ischemic or hemor-

rhagic stroke within 90 days. Secondary outcomes included
new stroke within 30 days, composite vascular events
(stroke, TIA, myocardial infarction, and vascular death),
ischemic stroke, disabling stroke (with a subsequent
modi fied Rankin Scale [mRS] score of 2 or higher; range
0 to 6, with higher scores re flecting greater handicap) at
day 90, and ordinal severity of stroke or TIA through 90
days of follow-up. For ordinal severity of stroke or TIA,
severity was measured using a 6-level ordered categori-
cal scale that incorporates subsequent stroke or TIA events
and mRS score at day 90 (5): fatal stroke (stroke with subse-
quent mRS score of 6), severe stroke (stroke with subse-
quent mRS score of 4 or 5), moderate stroke (stroke with
subsequent mRS score of 2 or 3), mild stroke (stroke
with subsequent mRS score of 0 or 1), TIA, and no stroke
or TIA.

The primary safety outcome was severe or moderate
bleeding de fined by the GUSTO (Global Utilization of
Streptokinase and Tissue Plasminogen Activator for
Occluded Coronary Arteries) criteria within 90 days (23).
Secondary safety outcomes included any bleeding, death,
adverse events, and severe adverse events through 90 days
of follow-up.

Statistical Analysis
Continuous variables are presented as median with

interquartile range, and categorical variables as frequen-
cies and percentages. The differences in the proportions
for the dichotomous outcomes between treatment groups,
and their corresponding 95% CIs, were estimated based
on Newcombe –Wilson (24), with strati fication by eGFR cat-
egory. Kaplan –Meier analysis was used to calculate the cu-
mulative incidence of the primary outcome during 90 days
of follow-up for each eGFR category. Differences in the out-
come end points during the 90-day follow-up period were
assessed using a Cox proportional hazards regression
model, with study centers set as a random effect, and haz-
ard ratios (HRs) with 95% CIs reported. When there were
several events of the same type, the time to the first event
was used in the model. Patients without any events during
90-day follow-up were censored at the time of termination
of the trial or nonvascular death. Similar methods were
used for the comparison of the secondary outcomes of
new stroke events, clinical vascular events, ischemic stroke,
and disabling stroke, and for comparison of the safety out-
comes. Shift analysis was performed for the secondary
outcome of ordinal stroke or TIA between the 2 treat-
ment groups using ordinal logistic regression, and the
common odds ratio and 95% CI reported. To test the
robustness of the findings, sensitivity analyses were per-
formed by calculating the eGFR using the CKD-EPI for
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the Chinese population and in the per protocol popula-
tion. All statistical analyses were performed with SAS
statistical software, version 9.4 (SAS Institute).

Role of the Funding Source
The work was supported by the Ministry of Science

and Technology of the People's Republic of China, the
Beijing Municipal Science and Technology Commission,
the Chinese Stroke Association, the National Science and
Technology Major Project, and the Beijing Municipal
Administration of Hospitals Incubating Program. The fun-
ders did not in fluence study design, conduct, or reporting.

RESULTS

Baseline Characteristics
Of the 6412 eligible patients recruited to the

CHANCE-2 trial, 6378 (99.5%) with eGFR measurement
were analyzed in the current study ( Figure 1). The me-
dian age of enrolled patients was 64.5 years (interquar-
tile range, 57.0 to 71.4 years), and 2165 (33.9%) were
women. Overall, 4050 patients (63.5%) had normal renal
function (eGFR ≥90 mL/min/1.73 m 2), 2010 (31.5%) had
mildly decreased renal function (eGFR of 60 to 89 mL/
min/1.73 m 2), 309 (4.8%) had moderately decreased re-
nal function (eGFR of 30 to 59 mL/min/1.73 m 2), and 9
(0.1%) had severely decreased renal function (eGFR <30
mL/min/1.73 m 2). Considering the small sample size of
patients with moderately and severely decreased renal

function, those patients were combined into 1 group as
moderately to severely decreased renal function (eGFR
<60 mL/min/1.73 m 2). The baseline characteristics in the
ticagrelor –aspirin and clopidogrel –aspirin groups across
the 3 eGFR categories were well balanced ( Table 1).

Efficacy Outcomes
The primary ef ficacy outcome of recurrent stroke

within 90 days occurred in 189 patients (5.9%) receiving
ticagrelor –aspirin and 243 patients (7.6%) receiving
clopidogrel –aspirin. Ticagrelor –aspirin compared with
clopidogrel –aspirin was associated with a reduced rate
of recurrent stroke in patients with normal renal function
(5.2% vs. 8.1%; difference, �2.8 percentage points [95%
CI, �4.4 to �1.3 percentage points]; HR, 0.63 [CI, 0.49
to 0.81]), but not in those with mildly decreased renal
function (6.7% vs. 6.9%; difference, –0.2 percentage
points [CI, –2.4 to 2.0 percentage points]; HR, 0.98 [CI,
0.69 to 1.39]), or those with moderately to severely
decreased renal function (9.8% vs. 6.1%; difference, 3.7
percentage points [CI, –2.3 to 10.1 percentage points];
HR, 1.31 [CI, 0.48 to 3.55]) (Table 2 and Figure 2). Similar
results were present for the secondary outcomes of com-
bined vascular event, ischemic stroke, and ordinal stroke
or TIA within 90 days of follow-up ( Table 2).

Results of the sensitivity analysis by calculating the
eGFR using the CKD-EPI for the Chinese population
were consistent with the primary analysis, showing that
the difference in the rate of recurrent stroke between the

Figure 1. The flow chart of the study.

Patients with stroke or TIA assessed
for eligibility (n = 11 255)

Patients excluded (n = 4843)
   Noncarriers of the CYP2C19 loss-of-function alleles: 4572
   Aged <40 y: 5
   Had ischemic stroke with NIHSS >3 or TIA with lower risk
      (ABCD2 <4) at enrollment: 9
   Could not have trial drug administered <24 h after
      symptom onset: 19 
   Did not provide informed consent: 148
   Other reasons: 90

Patients randomly assigned (n = 6412)

Patients who received ticagrelor–aspirin
included in the intention-to-treat

population (n = 3205)

Patients who received clopidogrel–aspirin
included in the intention-to-treat

population (n = 3207)

Patients without eGFR
measurement who were
thus excluded (n = 18)

Patients without eGFR
measurement who were
thus excluded (n = 16)

Patients with eGFR
<60 mL/min/1.73 m2

(n = 153)

Patients with eGFR of
60–89 mL/min/1.73 m2

(n = 1028)

Patients with eGFR
≥90 mL/min/1.73 m2

(n = 2006)

Patients with eGFR
<60 mL/min/1.73 m2

(n = 165)

Patients with eGFR of
60–89 mL/min/1.73 m2

(n = 982)

Patients with eGFR
≥90 mL/min/1.73 m2

(n = 2044)

ABCD2 = age, blood pressure, clinical features, duration of TIA, and presence or absence of diabetes; eGFR = estimated glomerular filtration rate;
NIHSS = National Institutes of Health Stroke Scale; TIA = transient ischemic attack.
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ticagrelor –aspirin and clopidogrel –aspirin groups was –2.4
percentage points [CI, –3.8 to –1.1 percentage points])
(HR, 0.68 [CI, 0.54 to 0.84]) in patients with normal renal
function ( Supplement Table 1 and Supplement Figure 1,
available at Annals.org). In addition, the per protocol anal-
ysis yielded similar results to the intention-to-treat analysis;
the HR for recurrent stroke in the ticagrelor –aspirin group
compared with the clopidogrel –aspirin group was 0.61
(CI, 0.48 to 0.79) in patients with normal renal function
(Supplement Table 2 and Supplement Figure 2, available
at Annals.org).

Safety Outcomes
The rate of primary safety outcome of severe or mod-

erate bleeding in the ticagrelor –aspirin group and the
clopidogrel –aspirin group was similar in patients with nor-
mal renal function (0.2% vs. 0.3%; difference, �0.1 per-
centage point [CI, �0.5 to 0.2 percentage point], HR, 0.59
[CI, 0.17 to 2.01]), mildly decreased renal function (0.4%
vs. 0.3%; difference, 0.1 percentage point [CI, �0.6 to 0.7
percentage point], HR, 1.28 [CI, 0.28 to 5.75]), and

moderately to severely decreased renal function (0.7% vs.
0.6%; difference, 0.0 percentage point [CI, �2.8 to 3.0 per-
centage points]) ( Table 3). Similar results were yielded for
second safety outcomes. Sensitivity analyses were consist-
ent with the main analysis ( Supplement Tables 1 and 2).

DISCUSSION

Based on the CHANCE-2 trial, our study found that
ticagrelor –aspirin, compared with clopidogrel –aspirin, sub-
stantially reduced the risk for recurrent stroke within 90 days
of follow-up in patients with normal renal function, but this
benefit was not apparent in those with mildly or moderately
to severely decreased renal function. Meanwhile, there was
no absolute increase in severe or moderate bleeding events
with ticagrelor –aspirin treatment across eGFR categories
although this was based on small numbers.

Many post hoc analyses have evaluated the effect of
renal function on the ef ficacy and safety of antiplatelet
therapies and yielded divergent results in this context.
Some studies observed a substantial bene fit of intensive

Table 1. Baseline Characteristics According to eGFR Category

Characteristics eGFR <60 mL/min/
1.73 m 2 (N = 318)

eGFR 60 –89 mL/min/
1.73 m 2 (N = 2010)

eGFR≥90 mL/min/
1.73 m 2 (N = 4050)

T–A (N = 153) C –A (N = 165) T –A (N = 1028) C –A (N = 982) T –A (N = 2006) C –A (N = 2044)

Median age (IQR), y 75.3 (67.2–80.3) 72.8 (65.1–80.5) 71.5 (64.5–77.3) 71.1 (65.3–76.9) 61.5 (54.8–67.1) 61.1 (54.7–66.6)
Female sex, n (%) 64 (41.8) 68 (41.2) 377 (36.7) 372 (37.9) 645 (32.2) 639 (31.3)
Han ethnicity, n (%) 151 (98.7) 159 (96.4) 1008 (98.1) 959 (97.7) 1967 (98.1) 2004 (98.0)
Body mass index, kg/m 2 23.9 (22.1–25.7) 23.5 (22.2–25.7) 24.4 (22.5–26.6) 24.2 (22.3–26.1) 24.6 (22.9–26.7) 24.5 (22.8–26.6)
Median blood pressure (IQR),

mm Hg
Systolic 148.0 (135.0–173.0) 150.0 (140.0 –164.5) 148.0 (136.0 –161.5) 148.0 (135.0 –162.5) 148.5 (136.0 –162.0) 148.0 (136.0 –160.0)
Diastolic 81.0 (75.0 –93.5) 84.0 (80.0–92.0) 84.0 (78.0–92.0) 84.5 (78.0–93.0) 88.0 (80.0–96.0) 87.5 (80.0–96.0)

Medical history, n (%)
Hypertension 125 (81.7) 139 (84.2) 776 (75.5) 760 (77.4) 1441 (71.8) 1465 (71.7)
Diabetes mellitus 64 (41.8) 65 (39.4) 319 (31.0) 260 (26.5) 646 (32.2) 678 (33.2)
Dyslipidemia 35 (22.9) 48 (29.1) 288 (28.0) 285 (29.0) 562 (28.0) 562 (27.5)
Previous ischemic stroke 35 (22.9) 43 (26.1) 237 (23.1) 224 (22.8) 395 (19.7) 409 (20.0)
Previous TIA 3 (2.0) 0 (0.0) 13 (1.3) 15 (1.5) 30 (1.5) 27 (1.3)
Myocardial infarction 3 (2.0) 3 (1.8) 19 (1.8) 14 (1.4) 31 (1.5) 25 (1.2)

Current smoking, n (%) 36 (23.5) 37 (22.4) 265 (25.8) 232 (23.6) 690 (34.4) 710 (34.7)
CYP2C19LOF allele carriers,

n (%)
Intermediate metabolizers 126 (82.4) 136 (82.4) 799 (77.7) 765 (77.9) 1548 (77.2) 1601 (78.3)
Poor metabolizers 27 (17.6) 29 (17.6) 229 (22.3) 217 (22.1) 458 (22.8) 443 (21.7)

Qualifying event, n (%)
Ischemic stroke 126 (82.4) 139 (84.2) 795 (77.3) 768 (78.2) 1645 (82.0) 1665 (81.5)
TIA 27 (17.6) 26 (15.8) 233 (22.7) 214 (21.8) 361 (18.0) 379 (18.5)

Median NIHSS score in
patients with qualifying
ischemic stroke (IQR)*

2 (1–2) 2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3) 2 (1–3)

Median ABCD 2 score in
patients with qualifying TIA
(IQR)†

5 (5–6) 5 (4–6) 5 (4–5) 5 (4–5) 4 (4–5) 4 (4–5)

Previous antiplatelet therapy,
n (%)‡

23 (15.0) 20 (12.1) 144 (14.0) 113 (11.5) 217 (10.8) 226 (11.1)

Previous lipid-lowering
therapy, n (%)‡

16 (10.5) 14 (8.5) 98 (9.5) 76 (7.7) 143 (7.1) 149 (7.3)

ABCD2 = age, blood pressure, clinical features, duration of TIA, and presence or absence of diabetes; C –A = clopidogrel –aspirin; eGFR = estimated
glomerular fi
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antiplatelet therapies among patients with normal renal
function. For example, in the CREDO (Clopidogrel for
the Reduction of Events During Observation) trial, clopi-
dogrel versus placebo reduced the composite of death,
myocardial infarction, and stroke in patients with normal
renal function and acute coronary syndrome after percu-
taneous coronary intervention, but with a trend in the op-
posite direction with an absolute increased event rate in
patients with mild or moderate renal dysfunction (14). A post

hoc analysis of the CHANCE trial found that clopidogrel plus
aspirin compared with aspirin alone in patients with normal
renal function and mild renal insuf ficiency resulted in a sub-
stantial reduction in new stroke events and combined vascu-
lar events at 90 days of follow-up, but this bene fit was not
apparent in patients with moderate chronic kidney disease
(CKD) (15). In accordance with these studies, our study was
conducted among CYP2C19 LOF allele carriers with minor
ischemic stroke or TIA, showing that ticagrelor –aspirin, of
which ticagrelor can provide more consistent P2Y12 inhibi-
tion than clopidogrel (9, 10), was associated with a lower
risk for recurrent stroke in patients with normal renal func-
tion compared with clopidogrel –aspirin, whereas the bene-
fit was not observed in patients with mildly or moderately
to severely decreased renal function.

However, as opposed to these results, some studies
showed reduced or lack of effect with intensive antiplate-
let therapies among patients with normal renal function.
In the CURE (Clopidogrel in Unstable Angina to Prevent
Recurrent Events) study, there was a modest absolute
and relative reduction in the primary ischemic end point
with clopidogrel versus placebo among patients with renal
dysfunction compared with those with normal renal func-
tion, although without interaction (16). Subgroup analysis
of the PLATO (Platelet Inhibition and Patient Outcomes)
trial showed that ticagrelor signi ficantly reduced the rate of
ischemic end points and mortality compared with clopi-
dogrel in patients with acute coronary syndrome with CKD;
also, the interactions between creatinine clearance and
randomized treatment on any of the outcome variables
were nonsigni ficant (17).

Although the reasons for these inconsistent results
are unclear, plausible explanations may include the highly
heterogeneous target populations across these studies,
as well as the different treatment assignments and trial
design paradigms. In addition, potential mechanisms
underlying our results may be a synergistic relationship
between the thrombotic effects of renal dysfunction and
the antithrombotic effects of dual antiplatelet treatment.
First, decreased renal function is characterized as a state
with a prothrombotic tendency, and is associated with
anemia, homocysteinemia, reduced nitric oxide, oxidative
stress, inflammation, and conditions promoting coagula-
tion; all of these pathologic processes may be related to
the development of recurrent stroke in the course of
decreased renal function (25 –27). The levels of platelet in-
hibition from different antiplatelet therapies may not be
sufficient for adequate protection against ischemic events
in these patients at high risk. Second, differences in the
pharmacodynamic and pharmacokinetic pro files of tica-
grelor and clopidogrel (28) mean the excretion of ticagre-
lor is less dependent on renal function compared with
clopidogrel (29 –31). One pharmacologic study showed
that 26.5% of ticagrelor is excreted through the kidney,
and the recovery of ticagrelor and its active metabolites in
the urine is less than 1% of the dose (32). As for clopidog-
rel, almost 50% of clopidogrel as well as part of its active
metabolite was excreted in the urine (33); hence, renal
clearance is of minor importance in the excretion of ticagre-
lor compared with clopidogrel. For patients with decreased
renal function, the excretion of clopidogrel and its active

Figure 2. Cumulative probability of stroke according to treat-
ment and eGFR category.
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metabolites will be limited, leading to an increase in half-
life and higher peak concentration in the body. As a result,
the bene fit of ticagrelor over clopidogrel may not be
observed in patients with decreased renal function.

For the safety outcomes of bleeding risk, a substudy
of the PLATO study also found that major bleedings
were not signi ficantly increasing in the ticagrelor group
compared with the clopidogrel group (17). The TWILIGHT-CKD
(The Ticagrelor With Aspirin or Alone in High Risk Patients
After Coronary Intervention) trial showed that among
patients with CKD undergoing percutaneous coronary
intervention, ticagrelor monotherapy reduced the risk for
bleeding without a substantial increase in ischemic events
compared with ticagrelor plus aspirin (34). In line with
these studies, our study found that patients receiving tica-
grelor –aspirin did not show an absolute increase in severe
or moderate bleeding events across different eGFR cate-
gories, although the number of bleeding events was rela-
tively small in our study. However, it should be noted that
the incidence of total bleeding, mainly mild bleeding, was
greater with ticagrelor –aspirin in different eGFR catego-
ries. In addition, several previous studies have demon-
strated that patients with impaired renal function have a
higher bleeding tendency regardless of antiplatelet thera-
pies (35–37). Taken together, these findings indicated that
the bleeding risk should be carefully assessed and moni-
tored in clinical utility of antiplatelet therapies.

There were several limitations to the study. First, renal
function was de fined by eGFR only, with no data available

on the presence of albuminuria or proteinuria. Although it
will be more precise to diagnose CKD based on the com-
bination of eGFR and albuminuria –proteinuria, the collec-
tion and measurement of urine samples in the acute stage
of stroke –TIA is challenging in a large population. Ideally,
albuminuria and proteinuria would be assessed in future
investigations. Second, only a minority of patients had
moderately to severely decreased renal function, thus
caution is needed when interpreting the ef ficacy and
safety of dual antiplatelet therapy for patients with stroke
with moderately to severely decreased renal function.
However, although speci fic recommendations for antipla-
telet therapy for this special population are not available,
the present study may provide some valuable information.
A prospective and well-designed study in patients with
stroke with impaired renal function would be needed for
further evaluation. Third, this study was a post hoc analy-
sis, which increases the risk for a type I error, so our result
needed to be con firmed by other studies (38). Finally,
all patients in the CHANCE-2 trial were Chinese, which
may limit the generalizability of the findings to other
populations.

In conclusion, based on the CHANCE-2 trial, our study
showed that among CYP2C19 LOF carriers with minor
stroke or TIA, ticagrelor –aspirin compared with clopidogrel –
aspirin was associated with a reduced risk for recurrent
stroke and without any substantial increase in severe or
moderate bleeding events among patients with normal re-
nal function, whereas patients with impaired renal function

Table 2. Efficacy Outcomes of Patients With Different Antiplatelet Therapies Stratified by eGFR Category

Outcome eGFR <60 mL/min/1.73 m 2 eGFR 60–89 mL/min/1.73 m 2 eGFR ≥90 mL/min/1.73 m 2

T–A, % C–A, % HR/OR

(95% CI)

RD

(95% CI), %
T–A, % C–A, % HR/OR

(95% CI)

RD

(95% CI), %
T–A, % C–A, % HR/OR

(95% CI)

RD

(95% CI), %

Primary outcome

Stroke 15 (9.8) 10 (6.1) 1.31 (0.48 to

3.55)

3.7 (�2.3 to

10.1)

69 (6.7) 68 (6.9) 0.98 (0.69 to

1.39)

�0.2 (�2.4 to

2.0)

105 (5.2) 165 (8.1) 0.63 (0.49 to

0.81)

�2.8 (–4.4 to

�1.3)

Secondary outcome

Stroke within 30 d 14 (9.2) 8 (4.8) 1.53 (0.54 to

4.32)

4.3 (�1.4 to

10.4)

51 (5.0) 58 (5.9) 0.85 (0.57 to

1.25)

�0.9 (�3.0 to

1.8)

89 (4.4) 139 (6.8) 0.64 (0.49 to

0.84)

�2.4 (�3.8 to

�0.9)

Composite vascular

events*

17 (11.1) 12 (7.3) 1.35 (0.53 to

3.47)

3.8 (�2.6 to

10.5)

83 (8.1) 85 (8.7) 0.97 (0.71 to

1.33)

�0.6 (�3.0 to

1.8)

126 (6.3) 195 (9.5) 0.65 (0.52 to

0.81)

�3.3 (�4.9 to

�1.6)

Ischemic stroke 15 (9.8) 10 (6.1) 1.31 (0.48 to

3.55)

3.7 (�2.3 to

10.1)

67 (6.5) 68 (6.9) 0.95 (0.67 to

1.35)

�0.4 (�2.6 to

1.8)

105 (5.3) 160 (7.8) 0.65 (0.51 to

0.84)

�2.6 (�4.1 to

�1.1)

Disabling stroke † 6 (3.9) 7 (4.2) 0.61 (0.11 to

3.31)

�0.3 (�5.1 to

4.6)

39 (3.8) 24 (2.4) 1.43 (0.85 to

2.40)

1.3 (�0.2 to

2.9)

51 (2.5) 61 (3.0) 0.82 (0.56 to

1.19)

�0.4 (�1.5 to

0.6)

Ordinal stroke or

TIA‡

– – 1.46 (0.67 to

3.20)

NA – – 1.00 (0.73 to

1.39)

NA – – 0.65 (0.51 to

0.82)

NA

Fatal stroke

(mRS 6)

0 (0.0) 1 (0.6) – – 2 (0.2) 2 (0.2) – – 2 (0.1) 5 (0.2) – –

Severe stroke

(mRS 4–5)

3 (2.0) 3 (1.8) – – 10 (1.0) 4 (0.4) – – 16 (0.8) 14 (0.7) – –

Moderate stroke

(mRS 2–3)

3 (2.0) 3 (1.8) – – 27 (2.6) 18 (1.8) – – 33 (1.6) 42 (2.1) – –

Mild stroke

(mRS 0–1)

9 (5.9) 3 (1.8) – – 30 (2.9) 44 (4.5) – – 54 (2.7) 104 (5.1) – –

TIA 1 (0.7) 2 (1.2) – – 12 (1.2) 10 (1.0) – – 20 (1.0) 27 (1.3) – –

No stroke or TIA 137 (89.5) 153 (92.7) – – 947 (92.1) 904 (92.1) – – 1881 (93.8) 1852 (90.6) – –

C–A = clopidogrel –aspirin; eGFR = estimated glomerular filtration rate; HR = hazard ratio; mRS = modi fied Rankin Scale; NA = not applicable; OR =
odds ratio; RD = risk difference; T –A = ticagrelor-aspirin; TIA = transient ischemic attack.
* Composite vascular events include ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, vascular death.
† A stroke was de fined as disabling if the patient had a subsequent score on the mRS of >1 (indicating death or any degree of disability).
‡ Severity measured using a 6-level ordered categorical scale that incorporates subsequent stroke or TIA events and mRS score at day 90. The com-
mon OR is shown rather than the HR.
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did not derive the same bene fit from ticagrelor –aspirin.
The findings suggest that renal function should be consid-
ered when deciding on the use of ticagrelor –aspirin versus
clopidogrel –aspirin.

From Department of Neurology, Beijing Tiantan Hospital, Capital
Medical University, Beijing, and China National Clinical Research
Center for Neurological Diseases, Beijing, China (A.W., X.X., H.L.,
J.J., J.L., Y.W., X.Z., Z.L., Y.J., L.L., X.M.); Department of Neurology,
Beijing Tiantan Hospital, Capital Medical University, Beijing, China
National Clinical Research Center for Neurological Diseases,
Beijing, Department of Epidemiology and Health Statistics, School
of Public Health, Capital Medical University, Beijing, and Beijing
Municipal Key Laboratory of Clinical Epidemiology, Beijing, China
(X.T., Y.Z.); Dell Medical School, The University of Texas at Austin,
Austin, Texas (S.C.J.); Stroke Trials Unit, Mental Health & Clinical
Neuroscience, University of Nottingham, Nottingham, United
Kingdom (P.M.B.); and Department of Neurology, Beijing Tiantan
Hospital, Capital Medical University, Beijing, China National
Clinical Research Center for Neurological Diseases, Beijing, and
Advanced Innovation Center for Human Brain Protection, Beijing
Tiantan Hospital, Capital Medical University, Beijing, China (Y.W.).

Acknowledgment: The authors thank all study participants,
their relatives, and the members of the survey teams at the 202
centers of the CHANCE-2 study.

Financial Support: By unrestricted grants from the Ministry of
Science and Technology of the People's Republic of China, the
Beijing Municipal Science and Technology Commission, the
Chinese Stroke Association, the National Science and Technology
Major Project (2017ZX09304018), and the Beijing Municipal
Administration of Hospitals Incubating Program (PX2020021).
Salubris Pharmaceuticals contributed ticagrelor, clopidogrel, and
its placebo at no cost and with no restrictions. Chongqing Jingyin
Bioscience provided the GMEX point-of-care genotyping system

and technical supports for CHANCE-2 at no cost and with no
restrictions.

Disclosures: Disclosures can be viewed at www.acponline.org/
authors/icmje/Con flictOfInterestForms.do?msNum=M22-1667.

Data Sharing Statement: Data are available to researchers on
request for the purposes of reproducing the results or replicat-
ing the procedure by directly contacting the corresponding
authors.

Corresponding Authors: Xia Meng, MD, No. 119, South 4th
Ring West Road, Fengtai District, Beijing 100070, China (e-mail,
mengxia45@163.com); and Yongjun Wang, MD, No. 119,
South 4th Ring West Road, Fengtai District, Beijing 100070,
China (e-mail, yongjunwang@ncrcnd.org.cn).

Correction: This article was corrected on 1 November 2022 to
correct a typographical error in the Methods section.

Author contributions are available at Annals.org.

References
1. Yahalom G, Schwartz R, Schwammenthal Y, et al. Chronic kidney disease
and clinical outcome in patients with acute stroke. Stroke. 2009;40:1296-
303. [PMID: 19182072] doi:10.1161/STROKEAHA.108.520882
2. Mostofsky E, Wellenius GA, Noheria A, et al. Renal function pre-
dicts survival in patients with acute ischemic stroke. Cerebrovasc
Dis. 2009;28:88-94. [PMID: 19468220] doi:10.1159/000219302
3. Amarenco P, Callahan A 3rd, Campese VM, et al. Effect of high-
dose atorvastatin on renal function in subjects with stroke or tran-
sient ischemic attack in the SPARCL trial. Stroke. 2014;45:2974-82.
[PMID: 25147328] doi:10.1161/STROKEAHA.114.005832
4. Capodanno D, Angiolillo DJ. Antithrombotic therapy in patients
with chronic kidney disease. Circulation. 2012;125:2649-61. [PMID:
22644369] doi:10.1161/CIRCULATIONAHA.111.084996

Table 3. Safety Outcomes of Patients With Different Antiplatelet Therapies Stratified by eGFR Category

Outcome eGFR <60 mL/min/1.73 m 2 eGFR 60-89 mL/min/1.73 m 2 eGFR≥90 mL/min/1.73 m 2

T–A, % C–A, % HR
(95% CI)

RD
(95% CI), %

T–A, % C–A, % HR
(95% CI)

RD
(95% CI), %

T–A, % C–A, % HR
(95% CI)

RD
(95% CI), %

Primary safety
outcome

Severe or moderate
bleeding*

1 (0.7) 1 (0.6) NA 0.0 (�2.8 to
3.0)

4 (0.4) 3 (0.3) 1.28 (0.28 to
5.75)

0.1 (�0.6 to
0.7)

4 (0.2) 7 (0.3) 0.59 (0.17 to
2.01)

�0.1 (�0.5 to
0.2)

Fatal bleeding 0 (0.0) 0 (0.0) NA 0.0 ( �2.3 to
2.4)

1 (0.1) 1 (0.1) 0.77 (0.05 to
12.77)

0.0 (�0.5 to
0.5)

2 (0.1) 2 (0.1) 0.92 (0.13 to
6.57)

0.0 (�0.3 to
0.3)

Intracranial
hemorrhage

0 (0.0) 0 (0.0) NA 0.0 (�2.3 to
2.4)

2 (0.2) 1 (0.1) 1.72 (0.15 to
19.31)

0.1 (�0.4 to
0.6)

1 (0.0) 5 (0.2) 0.21 (0.02 to
1.78)

�0.2 (�0.5 to
0.1)

Secondary safety
outcome

Any bleeding 8 (5.3) 3 (1.8) 2.39 (0.41 to
13.88)

3.4 (�0.8 to
8.3)

49 (4.8) 29 (3.0) 1.46 (0.91 to
2.36)

1.8 (0.1 to
3.5)

113 (5.6) 48 (2.3) 2.49 (1.76 to
3.52)

3.3 (2.1 to
4.5)

Mild bleeding* 7 (4.6) 2 (1.2) 1.81 (0.28 to
11.76)

3.4 (�0.5 to
8.0)

45 (4.4) 26 (2.6) 1.49 (0.90 to
2.46)

1.7 (0.1 to
3.4)

109 (5.4) 41 (2.0) 2.85 (1.97 to
4.12)

3.4 (2.3 to
4.6)

Death 2 (1.3) 1 (0.6) 3.00 (0.25 to
35.79)

0.7 (�2.2 to
4.1)

3 (0.3) 11 (1.1) 0.31 (0.08 to
1.16)

�0.8 (�1.7 to
�0.1)

4 (0.2) 6 (0.3) 0.66 (0.18 to
2.35)

�0.1 (�0.5 to
0.3)

C–A = clopidogrel –aspirin; eGFR = estimated glomerular filtration rate; HR = hazard ratio; NA = not applicable; RD = risk difference; T –A = ticagrelor –aspirin.
* Severe or moderate bleeding and mild bleeding were de fined according to GUSTO (Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries) criteria.

Renal Function and Dual Antiplatelet Therapy ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 7

Downloaded from https://annals.org by TongLing University on 10/31/2022.

http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M22-1667
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M22-1667
mailto:yongjunwang@ncrcnd.org.cn
http://www.annals.org
https://doi.org/10.1161/STROKEAHA.108.520882
https://doi.org/10.1159/000219302
https://doi.org/10.1161/STROKEAHA.114.005832
https://doi.org/10.1161/CIRCULATIONAHA.111.084996
http://www.annals.org


5. Bath PM, Woodhouse LJ, Appleton JP, et al; TARDIS Investigators.
Antiplatelet therapy with aspirin, clopidogrel, and dipyridamole versus
clopidogrel alone or aspirin and dipyridamole in patients with acute
cerebral ischaemia (TARDIS): a randomised, open-label, phase 3 supe-
riority trial. Lancet. 2018;391:850-9. [PMID: 29274727] doi:10.1016/
S0140-6736(17)32849-0
6. Wang Y, Wang Y, Zhao X, et al; CHANCE Investigators. Clopidogrel
with aspirin in acute minor stroke or transient ischemic attack. N Engl J
Med. 2013;369:11-9. [PMID: 23803136] doi:10.1056/NEJMoa1215340
7. Johnston SC, Easton JD, Farrant M, et al; Clinical Research
Collaboration, Neurological Emergencies Treatment Trials Network,
and the POINT Investigators. Clopidogrel and aspirin in acute ische-
mic stroke and high-risk TIA. N Engl J Med. 2018;379:215-25. [PMID:
29766750] doi:10.1056/NEJMoa1800410
8. Kernan WN, Ovbiagele B, Black HR, et al; American Heart
Association Stroke Council, Council on Cardiovascular and Stroke
Nursing, Council on Clinical Cardiology, and Council on Peripheral
Vascular Disease. Guidelines for the prevention of stroke in patients
with stroke and transient ischemic attack: a guideline for healthcare
professionals from the American Heart Association/American
Stroke Association. Stroke. 2014;45:2160-236. [PMID: 24788967]
doi:10.1161/STR.0000000000000024
9. Husted S, Emanuelsson H, Heptinstall S, et al. Pharmacodynamics,
pharmacokinetics, and safety of the oral reversible P2Y12 antagonist
AZD6140 with aspirin in patients with atherosclerosis: a double-blind
comparison to clopidogrel with aspirin. Eur Heart J. 2006;27:1038-47.
[PMID: 16476694] doi:10.1093/eurheartj/ehi754
10. Storey RF, Husted S, Harrington RA, et al. Inhibition of platelet
aggregation by AZD6140, a reversible oral P2Y12 receptor antago-
nist, compared with clopidogrel in patients with acute coronary
syndromes. J Am Coll Cardiol. 2007;50:1852-6. [PMID: 17980251]
doi:10.1016/j.jacc.2007.07.058
11. Johnston SC, Amarenco P, Denison H, et al; THALES Investigators.
Ticagrelor and aspirin or aspirin alone in acute ischemic stroke or TIA.
N Engl J Med. 2020;383:207-17. [PMID: 32668111] doi:10.1056/
NEJMoa1916870
12. Wang Y, Meng X, Wang A, et al; CHANCE-2 Investigators. Ticagrelor
versus clopidogrel in CYP2C19 loss-of-function carriers with stroke or
TIA. N Engl J Med. 2021;385:2520-30. [PMID: 34708996] doi:10.1056/
NEJMoa2111749
13. McDermott JH, Leach M, Sen D, et al. The role of CYP2C19 geno-
typing to guide antiplatelet therapy following ischemic stroke or tran-
sient ischemic attack. Expert Rev Clin Pharmacol. 2022;15:811-25.
[PMID: 35912831] doi:10.1080/17512433.2022.2108401
14. Best PJ, Steinhubl SR, Berger PB, et al; CREDO Investigators.
The efficacy and safety of short- and long-term dual antiplatelet
therapy in patients with mild or moderate chronic kidney disease:

https://doi.org/10.1016/S0140-6736(17)32849-0
https://doi.org/10.1016/S0140-6736(17)32849-0
https://doi.org/10.1056/NEJMoa1215340
https://doi.org/10.1056/NEJMoa1800410
https://doi.org/10.1161/STR.0000000000000024
https://doi.org/10.1093/eurheartj/ehi754
https://doi.org/10.1016/j.jacc.2007.07.058
https://doi.org/10.1056/NEJMoa1916870
https://doi.org/10.1056/NEJMoa1916870
https://doi.org/10.1056/NEJMoa2111749
https://doi.org/10.1056/NEJMoa2111749
https://doi.org/10.1080/17512433.2022.2108401
https://doi.org/10.1016/j.ahj.2007.10.046
https://doi.org/10.1161/STROKEAHA.116.014761
https://doi.org/10.1097/01.hjr.0000220582.19516.a6
https://doi.org/10.1161/CIRCULATIONAHA.109.933796
https://doi.org/10.1161/CIRCULATIONAHA.109.933796
https://doi.org/10.1136/svn-2020-000791
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1053/j.ajkd.2011.02.393
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.1056/NEJM199309023291001
https://doi.org/10.1056/NEJM199309023291001
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<873::aid-sim779
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<873::aid-sim779
https://doi.org/10.1159/000346730
https://doi.org/10.1185/030079904X2763
https://doi.org/10.1161/HYPERTENSIONAHA.110.164780
https://doi.org/10.1161/HYPERTENSIONAHA.110.164780
https://doi.org/10.1093/eurheartj/ehv381
https://doi.org/10.1093/eurheartj/ehv381
https://doi.org/10.1016/j.jacc.2003.08.062
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1161/CIRCULATIONAHA.109.912550
https://doi.org/10.1124/dmd.110.032250
https://doi.org/10.1124/dmd.110.032250
http://www.annals.org


model for characterizing the impact of genetic and demographic
factors on clopidogrel response in healthy adults. Eur J Pharm Sci.
2016;82:64-78. [PMID: 26524713] doi:10.1016/j.ejps.2015.10.024
34. Stefanini GG, Briguori C, Cao D, et al. Ticagrelor monother-
apy in patients with chronic kidney disease undergoing percu-
taneous coronary intervention: TWILIGHT-CKD. Eur Heart J.
2021;42:4683-93. [PMID: 34423374] doi:10.1093/eurheartj/
ehab533
35. Herzog CA, Shroff GR. Atherosclerotic versus nonatherosclerotic eval-
uation: the Yin and Yang of cardiovascular imaging in advanced chronic
kidney disease [Editorial]. JACC Cardiovasc Imaging. 2014;7:729-32.
[PMID: 25034922] doi:10.1016/j.jcmg.2013.12.016

36. Ocak G, Rookmaaker MB, Algra A, et al; SMART Study Group.
Chronic kidney disease and bleeding risk in patients at high cardio-
vascular risk: a cohort study. J Thromb Haemost. 2018;16:65-73. [PMID:
29125709] doi:10.1111/jth.13904
37. Bonello L, Angiolillo DJ, Aradi D, et al. P2Y12-ADP receptor
blockade in chronic kidney disease patients with acute coronary
syndromes. Circulation. 2018;138:1582-96. [PMID: 30354508]
doi:10.1161/CIRCULATIONAHA.118.032078
38. VanderWeele TJ, Knol MJ. Interpretation of subgroup analyses
in randomized trials: heterogeneity versus secondary interventions.
Ann Intern Med. 2011;154:680-3. [PMID: 21576536] doi:10.7326/
0003-4819-154-10-201105170-00008

Renal Function and Dual Antiplatelet Therapy ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 9

Downloaded from https://annals.org by TongLing University on 10/31/2022.

https://doi.org/10.1016/j.ejps.2015.10.024
https://doi.org/10.1093/eurheartj/ehab533
https://doi.org/10.1093/eurheartj/ehab533
https://doi.org/10.1016/j.jcmg.2013.12.016
https://doi.org/10.1111/jth.13904
https://doi.org/10.1161/CIRCULATIONAHA.118.032078
https://doi.org/10.7326/0003-4819-154-10-201105170-00008
https://doi.org/10.7326/0003-4819-154-10-201105170-00008
http://www.annals.org


Author Contributions: Conception and design: A. Wang, X. Xie,
S.C. Johnston, H. Li, J. Jing, Yilong Wang, X. Zhao, Y. Jiang, X.
Meng, Yongjun Wang.
Analysis and interpretation of the data: A. Wang, X. Xie, X. Tian,
S.C. Johnston, P.M. Bath, Y. Zuo, Y. Jiang, L. Liu.
Drafting of the article: A. Wang, X. Xie, X. Tian, L. Liu.
Critical revision of the article for important intellectual content:
A. Wang, S.C. Johnston, H. Li, P.M. Bath, X. Zhao, Z. Li, Y. Jiang,
Yongjun Wang.
Final approval of the article: A. Wang, X. Xie, X. Tian, S.C.
Johnston, H. Li, P.M. Bath, Y. Zuo, J. Jing, J. Lin, Yilong Wang, X.
Zhao, Z. Li, Y. Jiang, L. Liu, X. Meng, Yongjun Wang.
Provision of study materials or patients: J. Lin, X. Meng,
Yongjun Wang.
Statistical expertise: A. Wang, Y. Jiang.
Obtaining of funding: X. Zhao, X. Meng, Yongjun Wang.
Administrative, technical, or logistic support: Yilong Wang, Y.
Jiang, X. Meng, Yongjun Wang.
Collection and assembly of data: A. Wang, X. Xie, J. Jing, J. Lin,
Y. Jiang, X. Meng.

Annals of Internal Medicine Annals.org

Downloaded from https://annals.org by TongLing University on 10/31/2022.

http://www.annals.org

