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Background and Purpose Non-high-density lipoprotein cholesterol (non-HDL-C), which represents 
the total cholesterol content of all pro-atherogenic lipoproteins, has recently been included as a 
new target for lipid-lowering therapy in high-risk atherosclerotic patients in multiple guidelines. 
Herein, we aimed to explore the relationship between non-HDL-C level and the efficacy and safety 
of ticagrelor-aspirin versus clopidogrel-aspirin in preventing stroke recurrence. 
Methods This study comprised a post hoc analysis of the CHANCE-2 (Ticagrelor or Clopidogrel in 
High-Risk Patients with Acute Nondisabling Cerebrovascular Events II) trial, from which 5,901 
patients with complete data on non-HDL-C were included and categorized by median non-HDL-C 
levels, using a cutoff of 3.5 mmol/L. The primary efficacy and safety outcomes were recurrent stroke 
and severe or moderate bleeding within 90 days.
Results Ticagrelor-aspirin significantly reduced the risk of recurrent stroke in patients with low 
non-HDL-C (71 [4.8%] vs. 119 [7.7%]; adjusted hazard ratio [HR] 0.54; 95% confidence interval [CI], 
0.40–0.74), but not in those with high non-HDL-C (107 [7.3%] vs. 108 [7.6%]; adjusted HR, 0.88; 
95% CI, 0.67–1.16), compared with clopidogrel-aspirin (P for interaction=0.010). When analyzed as 
a continuous variable, the benefit of ticagrelor-aspirin for recurrent stroke decreased as non-HDL-C 
levels increased. No significant differences in the treatment assignments across the non-HDL-C 
groups were observed in terms of the rate of severe or moderate bleeding (5 [0.3%] vs. 8 [0.5%] in the 
low non-HDL-C group; 4 [0.3%] vs. 2 [0.1%] in the high non-HDL-C group; P for interaction=0.425). 
Conclusion CHANCE-2 participants with low non-HDL-C levels received more clinical benefit from 
ticagrelor-aspirin versus clopidogrel-aspirin compared to those with high non-HDL-C, following 
minor ischemic stroke or transient ischemic attack.
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Introduction

Even when administered sustained dual antiplatelet therapy, pa-
tients with minor ischemic stroke or transient ischemic attack 
(TIA) still display a high risk of subsequent stroke within 3 months 
of initial symptom onset. Evidence from the CHANCE (Clopido-
grel in High-Risk Patients with Acute Nondisabling Cerebrovas-
cular Events),1-3 POINT (Platelet-Oriented Inhibition in New TIA 
and Minor Ischemic Stroke),4,5 and CHANCE-2 (Ticagrelor or Clop-
idogrel in High-Risk Patients with Acute Nondisabling Cerebro-
vascular Events II) trials6,7 have suggested that this treatment 
failure may be caused by patients’ variable responses to anti-
platelet therapies. As such, identifying effect modifiers and ex-
ploring optimal treatment strategies are of utmost importance 
in this patient population.

Non-high-density lipoprotein cholesterol (non-HDL-C) is de-
fined as a measure of the cholesterol content of all proathero-
genic lipoproteins containing apolipoprotein B, including low-
density lipoprotein (LDL), lipoprotein(a), and triglyceride-rich 
lipoproteins (very-low-density lipoproteins and intermediate 
density lipoprotein). This measure has been shown to be a more 
accurate predictive marker of cardiovascular risk than LDL cho-
lesterol (LDL-C), and can better capture the contribution of apo-
lipoprotein B-containing particles to atherogenesis.8-13 Therefore, 
non-HDL-C level has been included as a new therapeutic target 
for lipid-lowering therapy in high-risk atherosclerotic patients 
by multiple guidelines.14-16 Previous studies have further indi-
cated that atherogenic lipoproteins enhance platelet responsive-
ness, while elevated cholesterol concentrations can increase 
platelet production, activation, and aggregation.17-19 Furthermore, 
studies have reported that non-HDL-C is an independent risk 
factor for aspirin resistance in type 2 diabetes patients.20 Accord-
ingly, non-HDL-C could be considered as a valuable biomarker 
to predict patients’ response to antiplatelet therapy. However, 
no study has yet addressed the association of non-HDL-C with 
the effectiveness of different dual antiplatelet regimens in pa-
tients following stroke.

The CHANCE-2 trial found that early and intensive antiplate-
let treatment with ticagrelor-aspirin was superior to clopido-
grel-aspirin in reducing the risk of recurrent stroke in patients 
with minor ischemic stroke or high-risk TIA carrying CYP2C19 
loss-of-function (LOF) alleles. Herein, we conducted a post hoc 
analysis of the CHANCE-2 trial to explore the relationship be-
tween non-HDL-C and the efficacy and safety of ticagrelor-as-
pirin and clopidogrel-aspirin therapy in CYP2C19 LOF carriers 
with minor ischemic stroke or TIA. 

Methods

Data availability
Data will be made available to researchers upon request to re-
produce the results or replicate the procedure by directly con-
tacting the corresponding author.

Study design and participants
A detailed description of the study design and methods of the 
CHANCE-2 trial have been provided elsewhere.21,22 Briefly, this 
study was an investigator-initiated, multicenter, randomized, 
double-blind, placebo-controlled clinical trial conducted at 202 
centers in China from September 23, 2019, to March 22, 2021. 
The inclusion criteria were: patients aged 40 years or older, with 
acute nondisabling ischemic stroke (National Institutes of Health 
Stroke Scale [NIHSS] score ≤3) or high-risk TIA (ABCD2 [age, 
blood pressure, clinical features, duration of TIA, and the presence 
or absence of diabetes mellitus] score ≥4), carrying the CYP2C19 
LOF alleles, who were treated with one of the study drugs within 
24 hours of symptom onset. 

The trial adhered to the guidelines outlined by the Declara-
tion of Helsinki and International Conference on Harmonization 
Good Clinical Practice. The trial protocol was approved by the 
Ethics Committee of Beijing Tiantan Hospital (approval number: 
KY2019-035-02) and each participating center. Written informed 
consent was obtained from all patients or their representatives 
before enrollment. The trial was registered at ClinicalTrials.gov 
(Registration URL: http://www.clinicaltrials.gov), under the unique 
identifier NCT04078737.

Randomization and treatment
A total of 6,412 eligible patients were randomly assigned in a 
1:1 ratio to either placebo clopidogrel plus ticagrelor (180-mg 
loading dose on day 1, followed by 90 mg twice daily for days 
2–90) or placebo ticagrelor plus clopidogrel (300-mg loading 
dose on day 1, followed by 75 mg twice daily for days 2–90). All 
patients in both arms received a 75–300 mg loading dose of as-
pirin, followed by doses of 75 mg administered daily for 21 days.

Measurement of non-HDL-C 
Venous blood samples were obtained from fasting patients af-
ter randomization and were subsequently sent for routine lab-
oratory tests. Serum total cholesterol (TC), HDL-C, and LDL-C 
levels were measured by laboratory personnel blinded to the trial 
group assignments. Non-HDL-C was calculated by subtracting 
the HDL-C value from the TC value.14 The collection, preservation, 
and processing of blood samples were performed in accordance 
with the laboratory’s policies and procedures in each study center. 

http://www.clinicaltrials.gov
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Efficacy and safety outcomes
The efficacy and safety outcomes of this analysis are consistent 
with those of the CHANCE-2 trial. The primary efficacy outcome 
was new stroke (ischemic or hemorrhagic) within 90 days. Sec-
ondary outcomes included new stroke within 30 days, compos-
ite vascular events (stroke, TIA, myocardial infarction, or vascu-
lar death), and ischemic stroke within 90 days, as well as disabling 
stroke (with a subsequent modified Rankin Scale score of ≥2) 
at day 90. The primary safety outcome was severe or moderate 
bleeding, as defined by the Global Utilization of Streptokinase 
and Tissue Plasminogen Activator for Occluded Coronary Arter-
ies (GUSTO) criteria, within 90 days.23 The secondary safety out-
comes included any bleeding and death within 90 days of fol-
low-up. All efficacy and safety outcomes were confirmed by an 
independent clinical event adjudication committee, whose mem-
bers were unaware of the trial group assignments.21 

Statistical analyses
Patients included in this post hoc analysis of the CHANCE-2 trial 
were classified into low and high non-HDL-C groups, according 
to the median non-HDL-C value. In each subgroup, the baseline 
characteristics were compared according to the treatment as-
signments. Medians with interquartile ranges were used for con-
tinuous variables because of their skewed distributions. Fre-
quencies and percentages were used as categorical variables. 
Baseline characteristics were compared using the nonparamet-
ric Wilcoxon test for continuous variables, and the chi-square 
test for categorical variables.

The main analyses were performed in the intention-to-treat 
population. The cumulative risks of the primary outcome of any 
ischemic or hemorrhagic event during the 90-day follow-up pe-
riod for each non-HDL-C group were estimated using the Ka-
plan–Meier method. Differences in the rates of efficacy and safety 
outcomes between trial groups were assessed using a Cox pro-
portional hazards regression model, with study centers set as a 
random effect after adjusting for age, sex, body mass index (BMI; 

weight in kilograms divided by the square of the height in me-
ters), Han ethnicity, medical history (hypertension, diabetes mel-
litus, dyslipidemia, previous ischemic stroke, prior TIA), CYP2C19 
LOF allele carriers, previous antiplatelet therapy, previous lipid-
lowering therapy, and symptomatic intracranial artery stenosis. 
Adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) 
were further calculated. The time to the first event was used in 
the model when multiple events of the same type occurred. Pa-
tient data were censored at the last follow-up assessment if a 
clinical event had occurred, at the end of the trial, at the time of 
withdrawal from the trial, or at the last visit if the primary out-
come data were missing. For each model, the proportionality as-
sumption was assessed by testing the interaction of treatment 
with time, and we found no violation of the assumptions. The 
interactions between non-HDL-C levels and treatment assign-
ments were investigated with the addition of treatment by non-
HDL-C groups using multivariable Cox proportional hazards re-
gression models. Sensitivity analyses were performed in the per-
protocol population, or among patients with no history of previous 
lipid-lowering therapy, or according to baseline LDL-C levels 
(<2.6 mmol/L or ≥2.6 mmol/L). 

All statistical analyses were performed using the SAS statis-
tical software (version 9.4; SAS Institute Inc., Cary, NC, USA). A 
two-sided P value <0.05 indicated statistical significance. 

Results 

Baseline characteristics
Of the 6,412 patients who underwent randomization in the 
CHANCE-2 trial, 511 without TC or HDL-C measurements were 
excluded. Thus, 5,901 patients were included in the final analy-
sis (Figure 1). The baseline characteristics of the included and 
excluded patients were well-balanced, except that the included 
patients had a higher proportion of dyslipidemia, previous isch-
emic stroke, current smokers, and symptomatic intracranial ar-
tery stenosis (Supplementary Table 1). 

6,412 Underwent randomization

5,901 Included in the current study

Ticagrelor-aspirin (n=1,483) Clopidogrel-aspirin (n=1,537) Ticagrelor-aspirin (n=1,465) Clopidogrel-aspirin (n=1,416)

Non-HDL-C <3.5 mmol/L (n=3,020) Non-HDL-C ≥3.5 mmol/L (n=2,881)

511 Without TC or HDL-C measurement

Figure 1. Flowchart of the study design. HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol. 
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Among the patients included in this analysis, the median con-
centration of non-HDL-C was 3.5 mmol/L (interquartile range: 
2.8 to 4.2 mmol/L); 2,881 (48.8%) had high non-HDL-C levels 
(≥3.5 mmol/L), and 3,020 (51.2%) did not (<3.5 mmol/L). The 
detailed characteristics of the patients with low and high non-
HDL-C levels and the two treatment groups are presented in 
Table 1. Patients with high non-HDL-C were more likely to be 
younger, female, and of Han ethnicity, with a higher BMI, higher 
proportion of hypertension, diabetes mellitus, dyslipidemia, symp-
tomatic intracranial-artery stenosis, and lower proportion of pre-
vious ischemic stroke, previous TIA, previous antiplatelet thera-
py, and previous lipid-lowering therapy, compared with those 
with low non-HDL-C. The baseline characteristics between the 
two treatment groups were well balanced, except that, among 
patients with high non-HDL-C, the ticagrelor-aspirin group had 
a slightly higher proportion of previous lipid-lowering therapy 
compared with the clopidogrel-aspirin group. 

Efficacy outcomes
Recurrent stroke within 90 days (the primary efficacy) was ob-
served in 405 (6.9%) patients in the current analysis. The cu-
mulative risk of stroke recurrence among patients with low or 
high non-HDL-C levels by treatment assignment is shown in 
Figure 2. Those with low non-HDL-C who were treated with ti-
cagrelor-aspirin experienced the lowest risk of stroke recurrence 
(P<0.001, log-rank test). Overall, there was a significant inter-
action between non-HDL-C levels and the two antiplatelet ther-
apy groups in terms of the treatment effects on recurrent stroke 
after adjusting for other confounding factors (P=0.010 for inter-
action) (Table 2). Furthermore, ticagrelor-aspirin was found to 
significantly reduce the risk of recurrent stroke (adjusted HR, 0.54; 
95% CI, 0.40–0.74; P<0.001) compared with clopidogrel-aspirin 
in patients with low non-HDL-C. However, this additional ben-
efit of ticagrelor-aspirin dual antiplatelet treatment was not 
observed in patients with high non-HDL-C levels (adjusted HR, 
0.88; 95% CI, 0.67–1.16; P=0.374). Further, when non-HDL-C was 
treated as a continuous variable, non-HDL-C levels also influ-
enced the effect of ticagrelor-aspirin on the primary outcome. 
As non-HDL-C levels increased, the risk of stroke recurrence 
within 90 days also increased in patients receiving ticagrelor-
aspirin compared with those receiving clopidogrel-aspirin (Fig-
ure 3). Similar results were observed for secondary outcomes of 
stroke within 30 days, composite vascular events, and ischemic 
stroke within 90 days of follow-up (Table 2). Per-protocol anal-
ysis yielded results similar to those identified in the intention-
to-treat analysis (Supplementary Table 2). Furthermore, when 
an analysis was performed restricted to patients without previ-
ous lipid-lowering therapy, or with baseline LDL-C <2.6 mmol/L 

or ≥2.6 mmol/L, all the results were consistent with those of 
the main analysis (Supplementary Tables 3-5).

The absent extra benefit of ticagrelor-aspirin therapy in pa-
tients with high non-HDL-C may be related to the predominant 
efficacy of clopidogrel-aspirin on reducing vascular events, or 
the weak efficacy of ticagrelor-aspirin therapy. We performed 
additional analyses to further illustrate this finding, finding that 
the rate of stroke recurrence tended to be higher in patients with 
high non-HDL-C levels than in those with low non-HDL-C levels 
(7.5% vs. 6.3%) (Figure 2). As shown in Table 3, patients with 
high non-HDL-C showed increased risks of recurrent stroke (ad-
justed HR, 1.27; 95% CI, 1.01–1.58), ischemic stroke (adjusted 
HR, 1.29; 95% CI, 1.03–1.62), and disabling stroke (adjusted 
HR, 1.44; 95% CI, 1.02–2.04), after adjusting for confounding 
factors. Furthermore, subgroup analysis of patients stratified by 
the dual antiplatelet therapy revealed that high non-HDL-C was 
associated with a higher rate of recurrent stroke, stroke within 
30 days, composite vascular events, ischemic stroke, and dis-
abling stroke in patients receiving ticagrelor-aspirin, but not in 
patients receiving clopidogrel-aspirin.

Safety outcomes
There was no interaction between non-HDL-C levels and anti-
platelet assignment for the risk of severe or moderate bleeding 
(P=0.425 for interaction) (Table 2). The rate in ticagrelor-aspirin 
group and clopidogrel-aspirin group was similar in patients with 
low non-HDL-C (0.3% vs. 0.5%; HR, 0.72; 95% CI, 0.23–2.28), 
and high non-HDL-C (0.3% vs. 0.1%; HR, 2.32; 95% CI, 0.42–
12.76). Ticagrelor-aspirin increased the rate of bleeding com-
pared to clopidogrel-aspirin among patients with low and high 
non-HDL-C levels (Table 2). The results of the per-protocol and 
other sensitivity analyses were consistent with those of the in-
tention-to-treat analysis (Supplementary Tables 2-5).

Discussion 

This post hoc analysis of the CHANCE-2 trial indicated that non-
HDL-C could be used to efficiently stratify patients with minor 
ischemic stroke or high-risk TIA carrying CYP2C19 LOF alleles 
according to the efficacy of ticagrelor-aspirin compared with 
clopidogrel-aspirin. Patients with low non-HDL-C administrated 
ticagrelor-aspirin achieved approximately 46% of risk reduction 
for recurrent stroke compared with those treated with clopido-
grel-aspirin, without any increase in the risk of severe or mod-
erate bleeding events. However, this benefit was not observed in 
patients with high non-HDL-C levels.

Lipids play an essential role in platelet function. Lipids can 
affect platelet count and characteristics, and modulate athero-
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thrombotic risk through the megakaryocyte-platelet hemostatic 
axis;17 thus, they are suggested to be related to the differences 
in platelet responsiveness to antiplatelet therapy for coronary 
artery disease or ischemic stroke.24-27 Plasma cholesterol levels 
also appear to play a key role in regulating platelet activity, as 
hypercholesterolemia promotes platelet production and activa-
tion more potently than hypertriglyceridemia.28-30 Non-HDL-C 
encompasses all plasma cholesterol levels, except HDL choles-
terol. Several studies have further investigated the effects of 
non-HDL-C level on the human platelet activity. Results from 
the National Health and Nutrition Examination Survey involving 
approximately 10,000 participants indicated a positive correla-
tion of serum non-HDL-C with platelet count and platelet-crit 
values.31 The Suita study reported that collagen-induced plate-
let aggregability was increased in the highest quartile of non-
HDL-C levels in the Japanese population.32 Kim et al.20 further 

enrolled a total of 1,045 type 2 diabetes patients from 11 hospi-
tals in Korea, finding that only non-HDL-C was associated with 
aspirin resistance in obese type 2 diabetes patients. However, 
there was no relevant evidence to indicate the influence of non-
HDL-C on the efficacy of antiplatelet agents. In this post hoc 
analysis of the CHANCE-2 trial, we found that ticagrelor-aspirin 
has apparent advantages over clopidogrel-aspirin in terms of 
the risk reduction of recurrent stroke and composite vascular 
events for patients with low non-HDL-C, but not for those with 
high non-HDL-C.

Lipid-lowering agents and antiplatelet drugs may act syner-
gistically in the prevention of thrombotic vessel occlusions in 
atherosclerotic cardiovascular disease patients via inhibition of 
thromboxane-mediated autocrine and paracrine platelet func-
tions.33 Thus, we performed sensitivity analysis by excluding pa-
tients receiving lipid-lowering therapy, with the results of this 

Figure 2. Cumulative probability of stroke recurrence in patients at 3-month follow-up according to non-HDL-C levels and dual antiplatelet therapy. (A) Non-
HDL-C and stroke. (B) Low non-HDL-C. (C) High non-HDL-C. Low non-HDL-C represents non-HDL-C <3.5 mmol/L; High non-HDL-C represents non-HDL-C 
≥3.5 mmol/L. HDL-C, high-density lipoprotein cholesterol; CI, confidence interval.
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analysis showing that the benefit of ticagrelor-aspirin in pre-
venting vascular events persisted even in patients not receiving 
lipid-lowering therapy. In addition, since LDL-C is the primary 
goal of secondary stroke prevention in many guidelines,14-16,34 
and there is a notable discordance between non-HDL-C and 
LDL-C levels,35 we further conducted a sensitivity analysis ac-
cording to baseline LDL-C levels, using the therapeutic target of 

2.6 mmol/L for high-risk individuals as the cutoff.36 Our results 
further showed that patients with high non-HDL-C levels did 
not benefit from ticagrelor-aspirin as much as patients with low 
non-HDL-C levels, regardless of whether LDL-C concentrations 
were controlled, demonstrating the independent role of non-
HDL-C in stratifying the efficacy of dual antiplatelet therapy. In 
light of the findings described here, it is reasonable to consider 
non-HDL-C as a potential biomarker for predicting the response 
to dual antiplatelet therapy in patients with minor stroke or TIA. 
However, the exact mechanisms underlying these results remains 
unclear. Possible mechanisms include the following: First, high 
non-HDL-C levels can lead to endothelial damage and exacer-
bation of inflammatory responses, thus stimulating platelet ac-
tivation and aggregation.17-19 Additionally, non-HDL-C has pre-
viously been shown to be associated with plaque stability,37,38 
while a high non-HDL-C level has been identified as an indepen-
dent risk factor for asymptomatic unstable carotid plaques.37,38 
Disruption of unstable carotid plaques can lead to thrombosis, 
resulting in cerebrovascular occlusion and infarction, which are 
correlated with the development of ischemic stroke and vascu-
lar recurrence events.39,40 Thus, our findings illustrate that the 
presence of elevated non-HDL-C levels probably indicates un-
stable atherosclerotic plaques and severe lipid deposition, which 
may not be efficiently controlled by the ticagrelor-aspirin ther-

Table 2. Effect of ticagrelor-aspirin versus clopidogrel-aspirin on efficacy and safety outcomes in patients stratified by non-HDL-C levels

Outcome
Non-HDL-C <3.5 mmol/L Non-HDL-C ≥3.5 mmol/L

P for 
interactionTicagrelor-

aspirin
Clopidogrel-

aspirin
Adjusted HR 
(95% CI)*

P Ticagrelor-
aspirin

Clopidogrel-
aspirin

Adjusted HR 
(95% CI)* 

P

Primary outcome

Stroke 71 (4.8) 119 (7.7) 0.54 (0.40–0.74) <0.001 107 (7.3) 108 (7.6) 0.88 (0.67–1.16) 0.374 0.010

Secondary outcome

Stroke within 30 days 55 (3.7) 99 (6.4) 0.51 (0.36–0.71) <0.001 89 (6.1) 93 (6.6) 0.85 (0.63–1.14) 0.274 0.022

Composite vascular events† 93 (6.3) 146 (9.5) 0.59 (0.45–0.77) <0.001 120 (8.2) 126 (8.9) 0.86 (0.66–1.11) 0.237 0.020

Ischemic stroke 70 (4.7) 116 (7.6) 0.55 (0.40–0.75) <0.001 106 (7.2) 106 (7.5) 0.89 (0.68–1.17) 0.409 0.010

Disabling stroke‡ 33 (2.2) 43 (2.8) 0.71 (0.44–1.14) 0.151 59 (4.0) 43 (3.0) 1.20 (0.80–1.80) 0.378 0.039

Primary safety outcome

Severe or moderate bleeding§ 5 (0.3) 8 (0.5) 0.72 (0.23–2.28) 0.578 4 (0.3) 2 (0.1) 2.32 (0.42–12.76) 0.334 0.425

Intracranial hemorrhage 1 (0.1) 4 (0.3) 0.24 (0.03–2.12) 0.197 2 (0.1) 2 (0.1) 1.11 (0.16–7.96) 0.914 0.545

Secondary safety outcome

Any bleeding 84 (5.7) 44 (2.9) 1.97 (1.35–2.87) <0.001 74 (5.1) 32 (2.3) 2.33 (1.53–3.56) <0.001 0.627

Mortality 4 (0.3) 10 (0.7) 0.31 (0.09–1.14) 0.079 4 (0.3) 4 (0.3) 0.84 (0.21–3.42) 0.813 0.290

Values are presented as n (%) unless otherwise indicated.
HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval; TIA, transient ischemic attack; LOF, loss-of-function.
*Adjusted for age, sex, body mass index, Han ethnicity, medical history (hypertension, diabetes mellitus, dyslipidemia, previous ischemic stroke, and previous 
transient ischemic attack), CYP2C19 LOF allele carriers, previous antiplatelet therapy, previous lipid-lowering therapy, and symptomatic intracranial artery ste-
nosis; †Composite vascular events included ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, and vascular death; ‡A stroke was defined as dis-
abling if the patient had a modified Rankin scale score >1 (indicating death or any degree of disability); §Severe or moderate bleeding and mild bleeding were 
defined according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria.

Figure 3. Effects of non-HDL-C as a continuous variable on the efficacy of 
ticagrelor-aspirin versus clopidogrel-aspirin in preventing stroke recurrence 
within 90 days. The shaded areas represent the 95% confidence intervals. 
non-HDL-C, non-high-density lipoprotein cholesterol; CI, confidence inter-
val; HR, hazard ratio. 
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apy, according to the CHANCE-2 protocol. Second, patients with 
elevated non-HDL-C in the current study had more risk factors, 
including hypertension, diabetes mellitus, and dyslipidemia, as 
well as a higher proportion of symptomatic intracranial artery 
stenosis; the benefit of ticagrelor-aspirin therapy may be offset 
by these comorbidities. Moreover, consistent with previous re-
sults,41 our study confirmed the positive association of high non-
HDL-C levels with recurrent vascular events, particularly in pa-
tients receiving ticagrelor-aspirin therapy, which might attenuate 
its efficacy. Indeed, in patients with high non-HDL-C, these char-
acteristics may generally reduce the efficacy of antiplatelet ther-
apy, meaning that the superior efficacy of ticagrelor-aspirin over 
clopidogrel-aspirin may not be apparent in this group.

The following limitations merit consideration when interpret-
ing our results. First, this analysis included only 5,901 patients 
who completed TC and HDL-C testing, representing only 92.0% 
of all patients of the CHANCE-2 trial. This may have caused se-
lection bias; however, baseline characteristics were comparable 
between included and excluded patients, and we further adjust-
ed for multiple confounding factors in the main analysis. The 
exploratory nature of this analysis could increase the risk of a 
type I error; thus, our results need to be verified in other stud-
ies.42 Second, only baseline data of blood lipids were available 
for current analyses. Information on the dynamic changes dur-
ing follow-up, particularly in patients with very high non-HDL-
C concentrations, was not available, which may have provided 
more vulnerable information. However, results from the Fram-
ingham offspring study indicated that non-HDL-C concentra-
tions were generally stable over the 30-year life course.43 Third, 
equipment heterogeneity across 202 centers may lead to bi-
ased results; however, this effect was minimized due to strict 
quality control and routine practice at each hospital, and we 
therefore set study centers as a random effect in the models. 

Fourth, CYP2C19 LOF allele non-carriers were not included in the 
CHANCE-2 trial. The efficacy of ticagrelor-aspirin versus clopi-
dogrel-aspirin and the effect modification of non-HDL-C among 
CYP2C19 fast metabolizers should therefore be investigated in 
future studies. Finally, the CHANCE-2 trial mainly involved Han 
Chinese patients, and the generalizability of our findings there-
fore requires further evaluation in other ethnicities.

Conclusions

This post hoc analysis of the CHANCE-2 trial suggested that 
baseline non-HDL-C levels may predict the effect of ticagrelor-
aspirin or clopidogrel-aspirin dual antiplatelet therapy in pre-
venting recurrent stroke within 90 days in patients with minor 
ischemic stroke or TIA carrying CYP2C19 LOF alleles. Patients 
with low non-HDL-C received more clinical benefit from ticagre-
lor-aspirin versus clopidogrel-aspirin after minor ischemic stroke 
or TIA compared to those with high non-HDL-C. Further large-
scale randomized controlled clinical trials in other populations 
are required to confirm these findings. 
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Supplementary Table 1. Baseline characteristics of included and excluded patients

Characteristics Total (n=6,412) Exclude (n=511) Include (n=5,901) P

Age (yr) 64.8 (57.0–71.4) 64.8 (57.0–72.5) 64.8 (56.9–71.3) 0.282

Female sex 2,170 (33.8) 191 (37.4) 1,979 (33.5) 0.078

Han ethnicity 6,282 (98.0) 498 (97.5) 5,784 (98.0) 0.388

BMI (kg/m2) 24.5 (22.6–26.6) 24.2 (22.5–26.1) 24.5 (22.6–26.6) 0.145

Medical history

Hypertension 4,730 (73.8) 373 (73.0) 4,357 (73.8) 0.678

Diabetes mellitus 2,042 (31.9) 165 (32.3) 1,877 (31.8) 0.823

Dyslipidemia 1,783 (27.8) 91 (17.8) 1,692 (28.7) <0.001

Previous ischemic stroke 1,350 (21.1) 89 (17.4) 1,261 (21.4) 0.035

Previous TIA 88 (1.4) 8 (1.6) 80 (1.4) 0.696

Myocardial infarction 96 (1.5) 12 (2.4) 84 (1.4) 0.099

Current smoking 1,981 (30.9) 131 (25.6) 1,850 (31.4) 0.007

CYP2C19 LOF allele carriers 0.776

Intermediate metabolizers 5,001 (78.0) 396 (77.5) 4,605 (78.0)

Poor metabolizers 1,411 (22.0) 115 (22.5) 1,296 (22.0)

Time to randomization (h) 14.0 (8.9–20.5) 13.1 (8.5–20.3) 14.0 (9.0–20.5) 0.203

Qualifying event 0.913

Ischemic stroke 5,158 (80.4) 412 (80.6) 4,746 (80.4)

TIA 1,254 (19.6) 99 (19.4) 1,155 (19.6)

NIHSS score in patients with qualifying ischemic stroke* 2 (1–3) 2 (1–3) 2 (1–3) 0.914

ABCD2 score in patients with qualifying TIA† 4 (4–5) 5 (4–5) 4 (4–5) 0.680

Previous antiplatelet therapy‡ 748 (11.7) 60 (11.7) 688 (11.7) 0.956

Previous lipid-lowering therapy‡ 499 (7.8) 43 (8.4) 456 (7.7) 0.578

Symptomatic intracranial-artery stenosis 1,639 (27.7) 100 (22.4) 1,539 (28.1) 0.009

Symptomatic extracranial-artery stenosis 271 (4.6) 16 (3.6) 255 (4.7) 0.294

Values are presented as median (interquartile range) or n (%).
BMI, body mass index; TIA, transient ischemic attack; LOF, loss-of-function; NIHSS, National Institutes of Health Stroke Scale.
*NIHSS scores range from 0–42, with higher scores indicating more severe stroke; †The ABCD2 score assesses the risk of stroke on the basis of age, blood pres-
sure, clinical features, duration of TIA, and presence or absence of diabetes mellitus, with scores ranging from 0 to 7 and higher scores indicating greater risk; 
‡Medication within 1 month before symptom onset.
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Supplementary Table 2. Effect of ticagrelor-aspirin versus clopidogrel-aspirin on efficacy and safety outcomes stratified by non-HDL-C levels in the per pro-
tocol set

Outcome
Non-HDL-C <3.5 mmol/L Non-HDL-C ≥3.5 mmol/L

P for 
interactionTicagrelor-

aspirin
Clopidogrel-

aspirin
Adjusted HR 
(95% CI)*

P Ticagrelor-
aspirin

Clopidogrel-
aspirin

Adjusted HR 
(95% CI)*

P

Primary outcome

Stroke 66 (5.0) 114 (8.1) 0.53 (0.39–0.73) <0.001 104 (8.0) 105 (8.0) 0.92 (0.70–1.22) 0.572 0.007

Secondary outcome

Stroke within 30 days 51 (3.8) 95 (6.8) 0.50 (0.35–0.71) <0.001 87 (6.7) 91 (6.9) 0.88 (0.65–1.20) 0.419 0.016

Composite vascular events† 79 (5.9) 135 (9.6) 0.55 (0.41–0.73) <0.001 111 (8.5) 120 (9.1) 0.87 (0.67–1.13) 0.293 0.010

Ischemic stroke 65 (4.9) 111 (7.9) 0.54 (0.39–0.75) <0.001 103 (7.9) 103 (7.8) 0.93 (0.70–1.23) 0.614 0.007

Disabling stroke‡ 31 (2.3) 39 (2.8) 0.75 (0.45–1.23) 0.250 58 (4.4) 40 (3.0) 1.32 (0.87–2.01) 0.188 0.053

Primary safety outcome

Severe or moderate bleeding§ 1 (0.1) 4 (0.3) 0.25 (0.03–2.22) 0.212 2 (0.2) 2 (0.2) 1.18 (0.16–8.44) 0.871 0.610

Intracranial hemorrhage 1 (0.1) 4 (0.3) 0.25 (0.03–2.22) 0.212 2 (0.2) 2 (0.2) 1.18 (0.16–8.46) 0.869 0.610

Secondary safety outcome

Any bleeding 63 (4.7) 33 (2.3) 2.01 (1.30–3.11) 0.002 55 (4.2) 23 (1.7) 2.56 (1.56–4.21) <0.001 0.416

Mortality 2 (0.2) 3 (0.2) 0.41 (0.04–4.07) 0.445 2 (0.2) 3 (0.2) 0.62 (0.10–3.83) 0.605 0.825

Values are presented as n (%) unless otherwise indicated. 
HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval; TIA, transient ischemic attack; LOF, loss-of-function.
*Adjusted for age, sex, body mass index, Han ethnicity, medical history (hypertension, diabetes mellitus, dyslipidemia, previous ischemic stroke, previous tran-
sient ischemic attack), CYP2C19 LOF allele carriers, previous antiplatelet therapy, previous lipid-lowering therapy, and symptomatic intracranial-artery steno-
sis; †Composite vascular events include ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, vascular death; ‡A stroke defined as disabling if the 
patient had a modified Rankin scale score of >1 (indicating death or any degree of disability); §Severe or moderate bleeding and mild bleeding were defined 
according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria.

Supplementary Table 3. Effect of ticagrelor-aspirin versus clopidogrel-aspirin on efficacy and safety outcomes stratified by non-HDL-C levels among pa-
tients without previous lipid-lowering therapy

Outcome
Non-HDL-C <3.5 mmol/L Non-HDL-C ≥3.5 mmol/L

P for 
interactionTicagrelor-

aspirin
Clopidogrel-

aspirin
Adjusted HR 
(95% CI)*

P Ticagrelor-
aspirin

Clopidogrel-
aspirin

Adjusted HR 
(95% CI)*

P

Primary outcome

Stroke 57 (4.3) 104 (7.7) 0.49 (0.35–0.69) <0.001 100 (7.2) 106 (7.7) 0.84 (0.64–1.12) 0.236 0.012

Secondary outcome

Stroke within 30 days 46 (3.5) 89 (6.6) 0.47 (0.32–0.68) <0.001 83 (6.0) 92 (6.7) 0.80 (0.59–1.09) 0.156 0.031

Composite vascular events† 77(5.8) 126 (9.3) 0.56 (0.42–0.76) <0.001 111(8.0) 123 (9.0) 0.82 (0.63–1.06) 0.131 0.041

Ischemic stroke 56 (4.3) 101 (7.4) 0.50 (0.35–0.70) <0.001 99 (7.1) 104 (7.6) 0.85 (0.64–1.13) 0.262 0.012

Disabling stroke‡ 27 (2.1) 38 (2.8) 0.63 (0.37–1.06) 0.084 57(4.1) 41 (3.0) 1.24 (0.82–1.87) 0.318 0.020

Primary safety outcome

Severe or moderate bleeding§ 3 (0.2) 7(0.5) 0.47 (0.12–1.87) 0.282 4 (0.3) 2 (0.2) 2.32 (0.42–12.76) 0.334 0.269

Intracranial hemorrhage 1 (0.1) 4 (0.3) 0.24 (0.03–2.12) 0.197 2 (0.1) 2 (0.2) 1.11 (0.16–7.96) 0.914 0.545

Secondary safety outcome

Any bleeding 72 (5.5) 38 (2.8) 1.93 (1.28–2.91) 0.002 71 (5.1) 31 (2.3) 2.34 (1.52–3.59) <0.001 0.617

Mortality 3 (0.2) 9 (0.7) 0.23 (0.05–1.06) 0.060 3 (0.2) 4 (0.3) 0.67 (0.15–3.04) 0.602 0.402

Values are presented as n (%) unless otherwise indicated. 
HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval; TIA, transient ischemic attack; LOF, loss-of-function.
*Adjusted for age, sex, body mass index, Han ethnicity, medical history (hypertension, diabetes mellitus, dyslipidemia, previous ischemic stroke, previous tran-
sient ischemic attack), CYP2C19 LOF allele carriers, previous antiplatelet therapy, previous lipid-lowering therapy, and symptomatic intracranial-artery steno-
sis; †Composite vascular events include ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, vascular death; ‡A stroke defined as disabling if the 
patient had a modified Rankin scale score of >1 (indicating death or any degree of disability); §Severe or moderate bleeding and mild bleeding were defined 
according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria.
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Supplementary Table 4. Effect of ticagrelor-aspirin versus clopidogrel-aspirin on efficacy and safety outcomes stratified by non-HDL-C levels among pa-
tients with baseline LDL-C <2.6 mmol/L

Outcome
Non-HDL-C <3.5 mmol/L Non-HDL-C ≥3.5 mmol/L

P for 
interactionTicagrelor-

aspirin
Clopidogrel-

aspirin
Adjusted HR 
(95% CI)*

P Ticagrelor-
aspirin

Clopidogrel-
aspirin

Adjusted HR 
(95% CI)*

P

Primary outcome

Stroke 57 (5.4) 85 (7.5) 0.61 (0.43–0.87) 0.006 12 (12.1) 4 (4.7) 2.44 (0.71–8.45) 0.158 0.029

Secondary outcome

Stroke within 30 days 41 (3.9) 71 (6.3) 0.52 (0.35–0.78) 0.002 9 (9.1) 3 (3.5) 2.96 (0.69–12.65) 0.143 0.031

Composite vascular events† 71 (6.7) 104 (9.2) 0.63 (0.46–0.87) 0.005 13 (13.1) 5 (5.9) 2.20 (0.72–6.74) 0.166 0.021

Ischemic stroke 56 (5.3) 83 (7.3) 0.61 (0.43–0.88) 0.008 12 (12.1) 4 (4.7) 2.44 (0.71–8.45) 0.158 0.026

Disabling stroke‡ 27 (2.5) 31 (2.7) 0.82 (0.48–1.41) 0.472 7 (7.1) 2 (2.4) 2.64 (0.46–15.09) 0.276 0.400

Primary safety outcome

Severe or moderate bleeding§ 4 (0.4) 5 (0.4) 1.15 (0.28–4.75) 0.843 0 (0.0) 0 (0.0) NA NA

Intracranial hemorrhage 1 (0.1) 3 (0.3) 0.31 (0.03–2.97) 0.309 0 (0.0) 0 (0.0) NA NA

Secondary safety outcome

Any bleeding 63 (5.9) 31 (2.7) 2.08 (1.33–3.26) 0.001 6 (6.1) 4 (4.7) 1.65 (0.42–6.58) 0.476 0.245

Mortality 2 (0.2) 8 (0.7) 0.27 (0.06–1.27) 0.098 0 (0.0) 1 (1.2) NA NA

Values are presented as n (%) unless otherwise indicated. 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval; NA, not applicable; TIA, tran-
sient ischemic attack; LOF, loss-of-function.
*Adjusted for age, sex, body mass index, Han ethnicity, medical history (hypertension, diabetes mellitus, dyslipidemia, previous ischemic stroke, previous tran-
sient ischemic attack), CYP2C19 LOF allele carriers, previous antiplatelet therapy, previous lipid-lowering therapy, and symptomatic intracranial-artery steno-
sis; †Composite vascular events include ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, vascular death; ‡A stroke defined as disabling if the 
patient had a modified Rankin scale score of >1 (indicating death or any degree of disability); §Severe or moderate bleeding and mild bleeding were defined 
according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria.
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Supplementary Table 5. Effect of ticagrelor-aspirin versus clopidogrel-aspirin on efficacy and safety outcomes stratified by non-HDL-C levels among pa-
tients with baseline LDL-C ≥2.6 mmol/L

Outcome
Non-HDL-C <3.5 mmol/L Non-HDL-C ≥3.5 mmol/L

P for 
interactionTicagrelor-

aspirin
Clopidogrel-

aspirin
Adjusted HR 
(95% CI)*

P Ticagrelor-
aspirin

Clopidogrel-
aspirin

Adjusted HR 
(95% CI)*

P

Primary outcome

Stroke 14 (3.4) 34 (8.5) 0.35 (0.18–0.67) 0.001 94 (6.9) 104 (7.8) 0.83 (0.62–1.11) 0.204 0.033

Secondary outcome

Stroke within 30 days 14 (3.4) 28 (7.0) 0.44 (0.23–0.86) 0.016 79 (5.8) 90 (6.8) 0.80 (0.59–1.10) 0.169 0.167

Composite vascular events† 22 (5.3) 42 (10.5) 0.46 (0.27–0.77) 0.004 106 (7.8) 121 (9.1) 0.81 (0.62–1.06) 0.121 0.102

Ischemic stroke 14 (3.4) 33 (8.3) 0.36 (0.19–0.69) 0.002 93 (6.8) 102 (7.7) 0.84 (0.63–1.12) 0.228 0.036

Disabling stroke‡ 6 (1.4) 12 (3.0) 0.38 (0.13–1.11) 0.078 52 (3.8) 41 (3.1) 1.16 (0.76–1.77) 0.491 0.045

Primary safety outcome

Severe or moderate bleeding§ 1 (0.2) 3 (0.8) 0.33 (0.03–3.59) 0.364 4 (0.3) 2 (0.2) 2.30 (0.42–12.63) 0.339 0.216

Intracranial hemorrhage 0 (0.0) 1 (0.3) NA 2 (0.2) 2 (0.2) 1.14 (0.16–8.16) 0.896 NA

Secondary safety outcome

Any bleeding 21 (5.0) 13 (3.3) 1.79 (0.87–3.66) 0.113 68 (5.0) 28 (2.1) 2.51 (1.60–3.93) <0.001 0.643

Mortality 2 (0.5) 2 (0.5) 0.37 (0.03–4.45) 0.430 4 (0.3) 3 (0.2) 1.07 (0.24–4.89) 0.927 0.536

Values are presented as n (%) unless otherwise indicated. 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval; NA, not applicable; TIA, tran-
sient ischemic attack; LOF, loss-of-function.
*Adjusted for age, sex, body mass index, Han ethnicity, medical history (hypertension, diabetes mellitus, dyslipidemia, previous ischemic stroke, previous tran-
sient ischemic attack), CYP2C19 LOF allele carriers, previous antiplatelet therapy, previous lipid-lowering therapy, and symptomatic intracranial-artery steno-
sis; †Composite vascular events include ischemic stroke, hemorrhagic stroke, TIA, myocardial infarction, vascular death; ‡A stroke defined as disabling if the 
patient had a modified Rankin scale score of >1 (indicating death or any degree of disability); §Severe or moderate bleeding and mild bleeding were defined 
according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria.




