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Abstract

Background We intended to investigate how the interaction between glycemic status and infarction pattern affected the efficacy and safety of dual
antiplatelet treatment in minor stroke or transient ischemic attack (TIA) patients.

Methods This post-hoc analysis of the Clopidogrel in High-Risk Patients with Acute Nondisabling Cerebrovascular Events (CHANCE) study included
797 patients with complete data of stress hyperglycemia markers (fasting plasma glucose (FPG)/glycated albumin (GA) ratio) and Magnetic
Resonance Imaging work-up. The primary outcome is a 90-day new stroke (ischemic or hemorrhagic). Other endpoints included combined vascular
events and bleeding events at 90 days. We used multivariable Cox regression models to evaluate the influence of stress hyperglycemia status x
infarction pattern (Multiple acute infarctions (MAI), Single acute infarction (SAI) and No acute infarction (NAI)) on the efficacy and safety of
clopidogrel plus aspirin treatment.

Results Among 797 patients, the median age was 63.1 years, and 64.9% of the patients were male. Within the 90-day after randomization, 73 (9.2%)
new strokes 75 (9.4%) combined vascular events, and 17 (2.1%) bleeding events occurred. Dual antiplatelet treatment significantly reduced new
stroke and combined vascular events in patients with lower FPG/GA ratio (lower than the median of FPG/GA ratio) and multiple acute infarctions,
after adjusted for all potential confounders (11.9% vs. 23.3%, adjusted HR(95% confidence interval, Cl): 0.240(0.080-0.713)). No significant
reductions of recurrence or occurrence of combined vascular events were seen in the other three groups (NAI or SAI with lower FPG/GA ratio; NAI or
SAl with higher FPG/GA ratio and MA with higher FPG/GA ratio). The proportion of bleeding events was similar among treatment groups regardless
of the FPG/GA ratio or infarction pattern.

Conclusions Clopidogrel plus aspirin treatment was associated with reduced 90-day new stroke or combined vascular events in patients with
multiple acute infarctions and lower FPG/GA ratio, without increasing the risk of bleeding events.

Trial Registration

URL: https://clinicaltrials.gov/ct2/show/NCT00979589; Unique Identifier: NCT00979589

Background

The risk of recurrence after minor stroke or transient ischemic attack (TIA) is high, ranging from 3.7-16.8%.1~* The dual antiplatelet treatment
combining aspirin and clopidogrel was efficient in reducing new stroke in a 90-day period after minor stroke or TIA according to the result of the
Clopidogrel in High-Risk Patients With Acute Nondisabling Cerebrovascular Events (CHANCE) study.® The result was further validated in the Platelet-
Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT) trial®, thus, the dual antiplatelet treatment was recommended by the 2018
guidelines for the early management of patients with acute ischemic stroke for the treatment of minor stroke or TIA.” Up to 40% of the acute stroke
patients who had hyperglycemia at admission.8 Hyperglycemia was associated with worse outcomes of stroke patients, such as death?, infarct
volume growth'® 17 or hemorrhagic transformation’2. Stress hyperglycemia, as one of the phenotypes of the heterogeneous entity of hyperglycemia,
increased 90-day new stroke after minor stroke or TIA.'3 Potential mechanisms of stress hyperglycemia-induced ischemic injury includes oxidative
stress, systematic endothelial malfunction or thromboinflammation.’* 5 In diabetic rats, insulin treatment together with tissue plasminogen
activator (tPA) alleviated brain tissue damage in an embolic stroke model.’®

Furthermore, in the analysis of imaging subgroup of the CHANCE study, compared to mono antiplatelet treatment (aspirin-alone), the dual
antiplatelet therapy (clopidogrel plus aspirin) reduced 50% recurrent stroke in patients with multiple acute infarctions (MAI), as one of potential
imaging parameter of embolic stroke, while the superiority of this treatment was not seen in patients with single or none acute infarction (SAl or
NAI).77

Whether clopidogrel plus aspirin regimen would reduce the risk of new stroke after minor stroke or TIA in patients with different glycemic levels as
well as different infarction pattern remains unanswered.

Thus, we intended to investigate how the interaction between glycemic status and infarction pattern affected the efficacy of dual antiplatelet
treatment in minor stroke or TIA patients.

Methods

Aim, design and setting of the study

This study derived data from the CHANCE trial, a placebo-controlled, double-blind, randomized clinical trial, which was conducted in 114 sites in
China from October 2009 to July 2012. Detailed design and results were published elsewhere.’820 Sample size estimation were based on the
requirement to detect the smallest expected, clinically meaningful treatment difference. In brief, eligible patients were randomly assigned into the
two treatment arms: clopidogrel (initiated with a loading dose of 300mg and followed by 75mg per day) with aspirin (initiated with a range from 75
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to 300mg and followed by 75mg per day in the first 21 days) arm; or aspirin arm (initiated with a range from 75 to 300mg and followed by 75mgper
day for 90 days) by researchers who were blinded to the treatment regimen. Eligible patients included males or females with a =40 years of age,
diagnosed as minor ischemic stroke (National Institutes of Health Stroke Scale, NIHSS <3) or moderate-to-high risk TIA (defined as the ABCD? (the
age, blood pressure, clinical features, duration of symptoms, and presence of diabetes) score >=4) and treatment could be received within 24 hours
after symptom onset.

Among 5170 patients included in the CHANCE trial, 3044 patients from 73 study sites with experience of biological sample collection process
management participated

in the prespecified biomarker sub-study. Meanwhile, 1342 patients from 45 sites participated in the imaging sub-study. Patients with both biomarker
data as well as

imaging data will be included in the current research.

The CHANCE trial protocol was approved by the ethics committees of all study centers and registered on www.clinicaltrials.gov (registration number:
NCT00979589).

All patients or their legal proxies had given written informed consent.
Data Collection

Trained research coordinators collected demographic and clinical characteristics at baseline including age, gender, modified Rankin Scale (MmRS)
prior to the event, history of ischemic stroke, TIA, myocardial infarction, atrial fibrillation, heart failure, hypertension and other important concurrent
conditions, smoking habits, baseline blood pressure, through a face-to-face interview.

Measurement and Assessment of Stress Hyperglycemia

Overnight fasting venous blood was drawn within the first 24+12 hours after enrollment and preprocessed into plasma, serum, and other forms
according to requirements in the protocol. Part of the plasma samples was tested for many items, including fasting plasma glucose (FPG) and low-
density lipoprotein (LDL). And the serum specimens were shipped via overnight cold-chain transportation to Beijing Tiantan Hospital, Beijing, China,
and stored in the -80°C condition. Before centralized testing for glycated albumin (GA) percentage in total serum albumin using the GA kit (catalog
number 4085-717, Ruiyuan Bio-Technique Co. Ltd., Ningbo, China) by a Roche Modular P800 system in the clinical laboratory of Beijing Tiantan
Hospital, the freezing and thawing circle were avoided. Laboratory technicians who performed the measurements were blinded to patients’ baseline
characteristics, treatment group and outcomes.?'

In order to assess the stress glycemia situation by both random fasting glucose as well as background glucose level, FPG (mmol/L)/GA (%) ratio
was calculated and defined as the indication of stress hyperglycemia.’® Divided by the median value of the FPG /GA ratio, patients were categorized
into two groups: FPG/GA ratio < median value and FPG/GA ratio > median value.

Imaging Interpretation

In the prespecified imaging sub-study, patients underwent Magnetic Resonance Imaging (MRI) (3.00r1.5T) examinations following the standard
protocol, including diffusion-weighted imaging (DWI), 3-dimensional time-of-flight magnetic resonance angiography (3D-TOF-MRA), T1-weighted
imaging and T2-weighted imaging."’

Infarction patterns were categorized into three groups: no acute infarction (NAI), single acute infarction (SAl), and multiple acute infarctions (MAI).
SAl was defined as uninterrupted lesions visible in contiguous territories. MAIl indicated more than one lesion “topographically distinct” from each
other (separated in space or discrete on contiguous slices).?? The study population was grouped as NAI or SAl vs. MAI in the current analysis.

Readers of the imaging data were blinded to patients’ baseline information, treatment assignment and outcomes."”
Efficacy and Safety Outcomes

The central adjudication committee, blinded to the treatment assignment, adjudicated all efficacy and safety outcomes/endpoints. All enrolled
patients were interviewed by trained research coordinates at baseline and the 90-day visit'® after randomization. All the adverse events, end-point
events, MRS, medication use in the period between visits,
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and related medical records were collected and submitted to the central adjudication committee.

The primary efficacy outcome was recurrent stroke (ischemic or hemorrhagic) within 90 days. The secondary efficacy outcomes included combined
vascular events (consist of ischemic stroke, hemorrhagic stroke, myocardial infarction, and vascular death).’® The primary safety outcome was any
bleeding events according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO)
definition?3.

In this study, we focused on recurrent stroke, combined vascular events, and any bleeding event.
Statistical Analysis

The analysis was based on Intention-To-Treatment (ITT) principle. Baseline characteristics and outcomes were compared between groups according
to FPG/GA ratio and infarction pattern. Categorical variables were presented by proportions and continuous variables as medians with interquartile
ranges (IQRs). Categorical variables were compared using x? statistics or Fisher exact test; continuous variables, using and were compared with the
Wilcoxon rank-sum test.

The multivariable Cox regression was used in analyzing the association between different groups categorized by FPG/GA ratio x infarction pattern
and efficacy of dual antiplatelet treatment in reducing efficacy endpoints and other outcomes after having a minor stroke or TIA. Crude and adjusted
hazard ratios (HRs) and their 95% confidence intervals (Cls) were calculated (adjusted for all potential confound factors).

A 2-sided p-value, less than 0.05, was considered of statistical significance. We used SAS software, version 9.4 (SAS Institute Inc), to perform all the
statistical analyses.

Results
Study participants and baseline characteristics

Among the 5170 enrolled patients in the CHANCE trial, 3026 patients (99.4% of the biomarker sub-study) with complete FPG and GA data, 1089
patients (81.1% of the imaging sub-study) who underwent MRI tests that met the requirements of sequences.

A total of 797 patients fulfilled the inclusion criteria with both complete data of FPG, GA, and imaging test. (Figure) The median age of all the
included patients was 63.1 years; 64.9% of the patients were male. One hundred and ninety-two (24.1%) patients had multiple acute infarctions.
Within the 90-day follow-up, 73 (9.2%) new strokes 75 (9.4%) combined vascular events and 17 (2.1%) bleeding events occurred. In the whole study
population or in the NAI or SAl group after stratified by infarction pattern, patients with higher FPG/GA ratio were younger with higher body mass
index (BMI), higher baseline LDL, and more likely to be current or former smokers (Table 1). In the MAI group, baseline characteristics and outcomes
were well-balanced except for age and BMI.
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Table 1
Baseline characteristics based on fasting glucose/GA and different infarction patterns.

Total patients, n =797 Single or no acute infarction, n = 605 Multiple acute infarction, n = 192
Gluoose/ GA  Glucose/GA P Glucose/ GA  Glucose/GA P Glucose/ GA  Glucose/GA P
edian = value median = value median = value
go .33)n= median(0.33) ( .33)n= median(0.33) ( 33)n= median(0.33)
n=398 297 n=308 102 n=90
Age,y,median  65.9(57.5-  60.7(52.9- < 64.7(58.1-  60.5(53.0- < 68.3(57.3-  61.2(57.3- 0.0020
(IQR) 74.1) 69.0) 0.0001 73.3) 68.6) 0.0001 75.2) 75.2)
Men, n(%) 256(64.2%)  261(65.5%) 0.7108  194(65.3%)  194(63.0%) 0.5542  62(60.8%) 67(74.4%) 0.0471
mRS prior to 0(0-0) 0(0-0) 0.0021  0(0-0) 0(0-0) 0.0358  0(0-0) 0(0-0) 0.0101
current event,
median (IQR)
BMI, median 241(21.8-  24.8(22.9- < 24.2(22.0-  24.6(22.9- 0.0011 23.7(21.8-  25.3(22.5- 0.0093
(IQR), kg/m? 26.0) 26.9) 0.0001  26.0) 26.7) 26.0) 27.5)
Medical
history, n (%)
Ischfmic 77(19.3%) 61(15.3%) 0.1601 55(18.5%) 48(15.6%) 0.3869 22(21.6%) 13(14.4%) 0.2613
stroke
TIA 11(2.8%) 15(3.8%) 0.4341  9(3.0%) 11(3.6%) 0.8214  2(2.0%) 4(4.4%) 0.4216
Myocardial 10(2.5%) 3(0.8%) 0.0897  4(1.4%) 2(0.7%) 0.4430  6(5.9%) 1(1.1%) 0.1233
infarction
Congestive 11(2.8%) 5(1.3%) 0.2055 6(2.0%) 3(1.0%) 0.3321 5(4.9%) 2(2.2%) 0.4510
heart failure
Known atrial 10.(2.5%) 8(2.0%) 0.8124 293(98.7%)  302(98.1%) 0.7523  6(5.9%) 2(2.2%) 0.2865
fibrillation or
flutter
Hypertension 258(64.7%) 262(65.8%) 0.7662  190(64.0%) 204(66.2%) 0.6088  68(66.7%) 58(64.4%) 0.7628
Dyslipidemia 53(13.3%) 52(13.1%) 1.0000  43(14.5%) 40(13.0%) 0.6371  10(9.8%) 12(13.3%) 0.5003
Diabetes 86(21.6%) 68(17.1%) 0.1271  54(18.2%) 55(17.9%) 1.0000  32(31.4%) 13(14.4%) 0.0064
mellitus
Current or 151(37.8%)  187(47.0%) 0.0099 108(36.4%)  140(45.5%) 0.0256  43(42.2%) 47(52.2%) 0.1927
previous
smoker, n (%)
Baseline 2(0-2) 2(1-2) 0.1860  1(0-2) 2(0-2) 01490  2(1-2) 2(1-3) 0.7108
NIHSS score,
median (IQR)
Time from 0.4786 0.4647 0.8844
onset to
randomization,
n(%)
<12 hours 202(50.6%)  212(53.3%) 146(49.2%)  161(52.3%) 56(54.9%) 51(56.7%)
=12 hours 197(49.4%) 186(46.7%) 151(50.8%) 147(47.7%) 46(45.1%) 39(43.3%)
Qualifyi 0.8065 0.6522 1.0000
events, ng%)
Minor 297(74.4%)  300(75.4%) 211(71.0%)  224(72.7%) 86(84.3%) 76(84.4%)
ischemic
stroke
TIA 102(25.6%)  98(24.6%) 86(29.0%) 84(27.3%) 16(15.7%) 14(15.6%)
Treatment 0.6202 0.8708 0.1927
group
Aspirin 197(49.4%)  204(51.3%) 154(51.9%)  157(51.0%) 43(42.2%) 47(52.2%)

IQR indicates interquartile range; mRS, modified Rankin Scale; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale,
GA, glycated albumin and LDL, low-density lipoprotein and NE, not estimable. Combined vascular events consist of ischemic stroke, hemorrhagic
stroke, myocardial infarction, and vascular death. Bleeding events according to the Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries (GUSTO) definition.
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Total patients, n =797 Single or no acute infarction, n = 605 Multiple acute infarction, n = 192

Clopidogrel 202(50.6%)  194(48.7%) 143(48.2%)  151(49.0%) 59(57.8%) 43(47.8%)

plus aspirin

FPG (mmol/L), 50(4.5-56) 57(5.1-6.8) < 5.0(4.6-56) 57(5.2-6.8) < 5.0(4.4-5.8) 5.7(5.0-6.9) <

median (IQR) 0.0001 0.0001 0.0001

GAeé%), 17.8(16.2— 15.0(13.6— < 17.7(16.2- 15.1(13.6— < 18.5(16.2— 14.8(13.5— <

median (IQR) 20.4) 17.1) 0.0001 20.0) 17.2) 0.0001 23.6) 16.8) 0.0001

LDL (mmol/L)  3.1(24-37) 3.3(2.7-39) < 3.1(2.4-3.7) 3.3(27-39) 00063 3.0(22-3.7) 3.3(27-3.9) 0.0234
0.0001

Outcomes at

90-day

New stroke 33(8.3%) 40(10.1%) 0.3931  16(5.4%) 28(9.1%) 0.0865 17(16.7%) 12(13.3%) 0.5511

(Ischemic or

hemorrhagic

stroke)

Combined 33(8.3%) 42(10.6%) 0.2777  16(5.4%) 29(9.4%) 0.0640  17(16.7%) 13(14.4%) 0.6722

vascular

events

Bleeding 11(2.8%) 6(1.5%) 0.3270  8(2.7%) 5(1.6%) 0.4114  3(2.9%) 1(1.1%) 0.6240

IQR indicates interquartile range; mRS, modified Rankin Scale; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale,
GA, glycated albumin and LDL, low-density lipoprotein and NE, not estimable. Combined vascular events consist of ischemic stroke, hemorrhagic
stroke, myocardial infarction, and vascular death. Bleeding events according to the Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries (GUSTO) definition.

Dual Antiplatelet Treatment Effects Stratified by Infarction Pattern and FPG/GA ratio

Clopidogrel plus aspirin significantly reduced new stroke occurrence and combined vascular events in patients with lower FPG/GA ratio and multiple
acute infarctions, after adjusted for all potential confounders (11.9% vs. 23.3%, adjusted HR(95% confidence interval, Cl): 0.240(0.080-0.713)).
(Table 2) No significant reductions of recurrence or occurrence of combined vascular events were seen in the other three groups (NAI or SAl with
lower FPG/GA ratio; NAI or SAl with higher FPG/GA ratio and MA with higher FPG/GA ratio).
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Table 2
Effect of aspirin plus clopidogrel compared with aspirin alone on primary outcomes stratified by fasting FPG/GA and infarction pattern.

Outcomes Aspirin*

Stroke

Single or no acute
infarction

FPG/GA <median n =297 9(5.8%)

FPG/GA = median n =308 14(8.9%)
Multiple infarctions

FPG/GA <median n=102 10(23.3%)
FPG/GA = median n=90 8(17.0%)

Composite vascular event

Single or no acute
infarction

FPG/GA <median n =297 9(5.8%)

FPG/GA = median n =308 15(9.6%)
Multiple infarctions

FPG/GA<median n=102 10(23.3%)
FPG/GA = median n=90 9(19.2%)

Bleeding

Single or no acute
infarction

FPG/GA<median n=297 5(3.3%)
FPG/GA = median n =308 1(0.6%)

Multiple infarctions
FPG/GA<median n=102 0(0%)
FPG/GA = median n =90 0(0%)

* As a reference.

fibrillation or flutter.

Clopidogrel plus

aspirin

7(4.9%)

14(0.3%)

7(11.9%)

4(9.3%)

7(4.9%)

14(9.3%)

7(11.9%)

4(9.3%)

3(2.1%)
4(2.7%)

3(5.1%)
1(2.3%)

Crude HR (95%Cl)

0.835(0.311-2.242)

1.050(0.501-2.203)

0.478(0.182-1.255)
0.564(0.170-1.877)

0.835(0.311-2.242)
0.979(0.472-2.027)

0.478(0.182-1.255)
0.490(0.151-1.592)

0.648(0.155-2.711)

4.165(0.466—
37.263)

NA
NA

Adjusted HRT
(95%CI)

0.0970(0.353-
2.666)

1.034(0.477-2.239)

0.240(0.080-0.713)
0.940(0.222-3.982)

0.970(0.353-2.666)
0.984(0.460-2.104)

0.240(0.080-0.713)
0.623(0.154-2.514)

0.651(0.143-2.970)

7.858(0.465-
132.881)

NA
NA

Adjusted p for
interaction

0.9115

0.2610

0.9798

0.3914

0.1448

NA

HR indicated hazard ratio; FPG, fasting plasma glucose; GA, glycated albumin. Stroke included ischemic and hemorrhagic stroke.

Combined vascular events consist of ischemic stroke, hemorrhagic stroke, myocardial infarction, and vascular death. Bleeding events according
to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) definition.

- Adjusted for age, sex, body mass index, current or previous smoking, low-density lipoprotein cholesterol, qualifying event, and medical history
of hypertension, diabetes mellitus, hypercholesterolemia, ischemic stroke, TIA, myocardial infarction, congestive heart failure, and known atrial

Among patients in the NAI or SAl group or the MAI group, interactions between

infarction patterns and stress hyperglycemia status (FPG/GA ratio) were not significant for stroke recurrence and combined vascular events after

adjustment of all

potential factors. (adjusted P for interaction: 0.9115 in NAI or SAl for new stroke. 0.2610 in MAI for new stroke, 0.9798 in NAI or SAl for combined

vascular events and 0.3914 in MAI for combined vascular events). (Table 2)

Safety outcomes stratified by infarction pattern and stress hyperglycemia status

The proportion of bleeding events was similar among treatment groups (adjusted HR (95% Cl): 0651 (0.143-2.970); 7.858(0.465-132.881) for lower
and higher FPG/GA ratio in the NAI or SAI group, respectively) after adjusted for confounders. Because of the low occurrence of bleeding events, the
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hazard ratio of dual antiplatelet treatment was not calculable. In accordance with the main findings of the safety outcome in the CHANCE trial,
clopidogrel plus aspirin was not associated with elevated bleeding events in minor stroke or TIA patients regardless of infarction pattern or stress
hyperglycemia status.

Discussion

In this post-hoc subgroup analysis, we observed that clopidogrel plus aspirin treatment was associated with reduced 90-day new stroke or combined
vascular events in patients with multiple acute infarctions and lower FPG/GA ratio, without increasing the risk of bleeding events. Protection from
recurrent stroke and combined vascular events at 90 days in patients with no acute infarction or single acute infarction regardless of the stress
hyperglycemia status (measured by FPG/GA ratio) or patients with multiple acute infarctions and higher FPG/GA ratio were compromised. The
interactions between infarction patterns and stress hyperglycemia status were not significant.

Previous sub-group analysis by the CHANCE investigators identified several modifiable factors, etiologic indicators, as well as genetic
polymorphisms, which would

influence the efficacy of clopidogrel plus aspirin treatment. Among the studies of modifiable factors, elevated GA level (>15.5%) was observed to be
associated with a

higher incidence of recurrent stroke or combined vascular events.2" Another analysis of the interaction of GA level and the CYP2C79 loss-of-function
(LOF) allele carrier status showed only in patients with a GA level lower than 15.5% and non-carrier of the

CYP2C19 LOF allele, dual antiplatelet significantly reduced total stroke or ischemic stroke recurrence and combined vascular events.?* Furthermore,
stress hyperglycemia, measured by FPG/GA ratio, was related to different outcomes among groups categorized by FPG/GA ratio quartiles. The
highest quartile of glucose/GA ratio was associated with an increased 90-day stroke recurrence after adjusted for potential confounders, including
fasting glucose.’ In the imaging sub-analysis of the CHANCE study, a study focused on non-cardioembolic minor stroke or TIA patients, patients
with MAI carried the highest risk of 90-day stroke risk compared to NAI or SAl patients. Notably, all MAI patients’ index events' etiologic assignment
of stroke subtypes were large artery atherosclerosis.’” Mendelian randomization of single nucleotide polymorphisms (SNP) of type-2 diabetes (T2D)
and other indicators of glycemic control, T2D may be causally associated with large artery atherosclerotic stroke.2® Yet scarce evidence of stress
hyperglycemia and imaging parameters with etiologic indication was reported.

We found that in patients with a higher FPG/GA ratio, the efficacy of dual antiplatelet treatment was attenuated. There were several potential
mechanisms underlying the results. In patients with myocardial ischemia, the presence of hyperglycemia accentuated the inadequate response to
P2Y12 receptor antagonists, such as clopidogrel, by involving in the impairment of post-receptor, adenylate cyclase-dependent signaling.2® Osmotic
effect of hyperglycemia was associated with an increase of soluble

P-selectin and CD40-ligand leading to platelet hyperactivity.2’2° Episodes of hyperglycemia could lead to the formation of advanced glycation end
products (AGEs),

some of the AGEs was associated with the externalization of membrane phosphatidylserine in part of platelets causing thrombogenic state.3°

In animal experiments, hyperglycemia was associated with infarct volume growth'0-31733 yia toxic effects of lactic acidosis, excitotoxicity, and
altered inflammatory responses.34 Although the history of diabetes and the use of anti-diabetic medication were well-balanced among different
infarction patterns group in the previous study'’, we observed that patients with MAI and higher FPG/GA ratio might be a group of optimal
beneficiaries of clopidogrel plus aspirin treatment in minor stroke or TIA. Evidence of mechanisms underlying the relationship between stress
hyperglycemia status and infarction pattern for ischemic stroke patients remained limited.

Certain limitations of this study needed to be stressed. Firstly, the relatively small size of study participants included (797 patients, 15.5%) might
cause selection bias and insufficient statistical power. Except for more included patients who had a history of ischemic stroke, higher NIHSS at
baseline, other factors were comparable between included and excluded patients. (see Additional file 1) Although the recurrence rate at 90-day in
different treatment groups of MAI or NAI/SAl patients were comparable to the imaging sub-study of CHANCE", the recurrence rates were slightly
lower than the CHANCE study."8 Results of this study merit further evaluation in larger size prospective studies. Secondly, as all multiple acute stroke
patients were large artery stroke in this non-cardioembolic study, the analysis of the dual antiplatelet treatment efficacy on MAI patients of other
etiologies, such as paradoxical embolic MAI®®, is needed. Thirdly, only Chinese patients were enrolled in the CHANCE study. However, the distribution
of different etiologic subtypes of stroke was highly different between

Asian and non-Asian patients.2® A high prevalence of large artery stroke in the Chinese indicated that the generalizability of this study should be
carefully interpreted.

Conclusions
Page 8/12



In summary, clopidogrel plus aspirin treatment was associated with reduced 90-day new stroke or combined vascular events in patients with
multiple acute infarctions and lower FPG/GA ratio, without increasing the risk of bleeding events.

Abbreviations

TIA: transient ischemic attack; CHANCE: the Clopidogrel in High-Risk Patients With Acute Nondisabling Cerebrovascular Events study; FPG: fasting
plasma glucose (FPG); GA: glycated albumin; MAI: Multiple acute infarctions; SAl: Single acute infarction; NAI: No acute infarction; POINT: the
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke trial; tPA: tissue plasminogen activator; NIHSS: National Institutes of Health Stroke
Scale; the ABCD2 score: the age, blood pressure, clinical features, duration of symptoms, and presence of diabetes; mRS: modified Rankin Scale;
LDL: low-density lipoprotein; MRI: Magnetic Resonance Imaging; DWI: diffusion-weighted imaging; 3D-TOF-MRA: 3-dimensional time-of-flight
magnetic resonance angiography; GUSTO: the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries;
ITT: Intention-To-Treatment; IQRs: interquartile ranges; Cls: confidence intervals.

Declarations

Ethics approval and consent to participate

The CHANCE trial protocol was approved by the ethics committee of Beijing Tiantan Hospital and all the participating centers. All patients or their
legal proxies had given written informed consent. Name of the ethics committee is the Institutional Ethical Review Board of Beijing Tiantan Hospital,
Capital Medical University, Beijing, China.

The approval number of this study is ky2009-002.

Consent for publication

Statement of that all collected data will be analyzed and prepared for publications was

listed in the patient informed consent. All patients or their legal proxies had given written informed consent.
Availability of data and materials

The datasets analyzed during the current study are available from the corresponding author on reasonable request.
Reporting Statement

This manuscript reporting adheres to CONSORT guidelines for reporting clinical trials.

Competing interests

The authors declare that they have no competing interests.

Funding

This study is supported by grants from the National Natural Science Foundation of China (81971091, 81901177), Beijing Hospitals Authority Youth
Programme (QML20190501), Ministry of Science and Technology of the Peopl€'s Republic of China (2016YFC0901002, 2016YFC0901001,
2017YFC1310901, 2017YFC1310902, 2017YFC1307905, 2018YFC1311700 and 2018YFC1311706), Beijing Municipal Administration of Hospitals
(SML20150502), Beijing Municipal Science & Technology Commission (D171100003017002, D151100002015003), National Science and
Technology Major Project (2017Z2X09304018) and Beijing Tiantan Hospital (2018-YQN-1). The fund body took no part in the design of the study and
collection, analysis, and interpretation of data and in writing the manuscript.

Authors’ contributions

YS interpreted the results of the analysis and drafted the manuscript. JJ analyzed and

Page 9/12



interpreted the imaging data of patients. AXW and YJZ performed the statistical

analysis. HYZ, WC, YSP and HL reviewed the manuscript and data analysis process

and gave revision suggestions. LPL, XQZ, YLW and XM reviewed the manuscript and gave revision suggestions. YJW obtained funding, in charge of
study concept and design, supervised and coordinated the study process. All authors read and approved the final manuscript.

Acknowledgments

We appreciated all the study participants and their relatives for the constant support of the CHANCE study. We also appreciated the hard work and
dedication of all relevant clinicians, statisticians, coordinators, imaging, and laboratory technicians who participated in the study. The CHANCE
investigators were listed in the additional file.

Disclosures

The authors of this study announced no disclosure.

References

1.

10.

11.

12.

Rothwell PM, Giles MF, Flossmann E, Lovelock CE, Redgrave JN, Warlow CP, et al. A simple score (abcd) to identify individuals at high early risk
of stroke after transient ischaemic attack. Lancet (London, England). 2005;366:29-36. DOI: 10.1016/S0140-6736(05)66702-5.

. Lovett JK, Dennis MS, Sandercock PA, Bamford J, Warlow CP, Rothwell PM. Very early risk of stroke after a first transient ischemic attack.

Stroke. 2003;34:€138-140. DOI: 10.1161/01.STR.0000080935.01264.91.

. Kleindorfer D, Panagos P, Pancioli A, Khoury J, Kissela B, Woo D, et al. Incidence and short-term prognosis of transient ischemic attack in a

population-based study. Stroke. 2005;36:720-723. DOI: 10.1161/01.STR.0000158917.59233.b7.

. Amarenco P, Lavallée PC, Labreuche J, Albers GW, Bornstein NM, Canhé@o P, et al. One-year risk of stroke after transient ischemic attack or minor

stroke. The New England journal of medicine. 2016;374:1533-1542. DOI: 10.1056/NEJMoa1412981.

. Johnston SC, Easton JD, Farrant M, Barsan W, Conwit RA, EIm JJ, et al. Clopidogrel and aspirin in acute ischemic stroke and high-risk tia. The

New England journal of medicine. 2018;379:215-225. DOI: 10.1056/NEJMoa1800410.

.Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, et al. Clopidogrel with aspirin in acute minor stroke or transient ischemic attack. The New

England journal of medicine. 2013;369:11-19. DOI: 10.1056/NEJMoa1215340.

. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. 2018 guidelines for the early management of patients with

acute ischemic stroke: A guideline for healthcare professionals from the american heart association/american stroke association. Stroke. 2018
Mar;49(3):e46-e110. DOI: 10.1161/STR.0000000000000158.

. Williams LS, Rotich J, Qi R, Fineberg N, Espay A, Bruno A, et al. Effects of admission hyperglycemia on mortality and costs in acute ischemic

stroke. Neurology. 2002;59:67-71. DOI: 10.1212/wnl.59.1.67.

. Farrokhnia N, Bjork E, Lindb&ck J, Terent A. Blood glucose in acute stroke, different therapeutic targets for diabetic and non-diabetic patients?

Acta neurologica Scandinavica. 2005;112:81-87. DOI: 10.1111/j.1600-0404.2005.00440.x.

Baird TA, Parsons MW, Phan T, Butcher KS, Desmond PM, Tress BM, et al. Persistent poststroke hyperglycemia is independently associated with
infarct expansion and worse clinical outcome. Stroke. 2003;34:2208-2214. DOI: 10.1161/01.STR.0000085087.41330.FF.

Shimoyama T, Shibazaki K, Kimura K, Uemura J, Shiromoto T, Watanabe M, et al. Admission hyperglycemia causes infarct volume expansion in
patients with ica or mca occlusion: Association of collateral grade on conventional angiography. European journal of neurology. 2013;20:109-
116.DOI: 10.1111/j.1468-1331.2012.03801 .x.

Ahmed N, Davalos A, Eriksson N, Ford GA, Glahn J, Hennerici M, et al. Association of admission blood glucose and outcome in patients treated
with intravenous thrombolysis: Results from the safe implementation of treatments in stroke international stroke thrombolysis register (sits-istr).
Archives of neurology. 2010;67:1123-1130. DOI: 10.1001/archneurol.2010.210.

Page 10/12



13.

14.

15.

16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

PanY, Cai X, Jing J, Meng X, Li H, Wang Y, et al. Stress hyperglycemia and prognosis of minor ischemic stroke and transient ischemic attack:
The chance study (clopidogrel in high-risk patients with acute nondisabling cerebrovascular events). Stroke. 2017;48:3006-3011. DOI:
10.1161/STROKEAHA.117.019081.

Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet (London, England). 2009;373:1798-1807. DOI: 10.1016/S0140-
6736(09)60553-5.

Desilles JP, Syvannarath V, Ollivier V, Journé C, Delbosc S, Ducroux C, et al. Exacerbation of thromboinflammation by hyperglycemia precipitates
cerebral infarct growth and hemorrhagic transformation. Stroke. 2017;48:1932-1940. DOI: 10.1161/STROKEAHA.117.017080.

. Fan X, Ning M, Lo EH, Wang X. Early insulin glycemic control combined with tpa thrombolysis reduces acute brain tissue damages in a focal

embolic stroke model of diabetic rats. Stroke. 2013;44:255-259. DOI: 10.1161/STROKEAHA.112.663476.

Jing J, Meng X, Zhao X, Liu L, Wang A, Pan Y, et al. Dual antiplatelet therapy in transient ischemic attack and minor stroke with different
infarction patterns: Subgroup analysis of the chance randomized clinical trial. JAMA neurology. 2018;75:711-719. DOI:
10.1001/jamaneurol.2018.0247.

Wang Y, Johnston SC, Wang Y. Clopidogrel with aspirin in minor stroke or transient ischemic attack. The New England journal of medicine.
2013;369:1376-1377. DOI: 10.1056/NEJMc1309713.

Wang Y, Johnston SC. Rationale and design of a randomized, double-blind trial comparing the effects of a 3-month clopidogrel-aspirin regimen
versus aspirin alone for the treatment of high-risk patients with acute nondisabling cerebrovascular event. American heart journal.
2010;160:380-386.e381. DOI: 10.1016/j.ahj.2010.05.017.

Wang Y, Pan Y, Zhao X, Li H, Wang D, Johnston SC, et al. Clopidogrel with aspirin in acute minor stroke or transient ischemic attack (chance)
trial: One-year outcomes. Circulation. 2015;132:40-46. DOI: 10.1161/CIRCULATIONAHA.114.014791.

Li J, Wang Y, Wang D, Lin J, Wang A, Zhao X, et al. Glycated albumin predicts the effect of dual and single antiplatelet therapy on recurrent
stroke. Neurology. 2015;84:1330-1336. DOI: 10.1212/WNL.0000000000001421.

Wen HM, Lam WW, Rainer T, Fan YH, Leung TW, Chan YL, et al. Multiple acute cerebral infarcts on diffusion-weighted imaging and risk of
recurrent stroke. Neurology. 2004;63:1317-1319. DOI: 10.1212/01.wnl.0000140490.22251.b6.

An international randomized trial comparing four thrombolytic strategies for acute myocardial infarction. The New England journal of medicine.
1993;329:673-682. DOI: 10.1056/NEJM199309023291001.

Lin Y, Wang A, Li J, Lin J, Wang D, Meng X, et al. Impact of glycemic control on efficacy of clopidogrel in transient ischemic attack or minor
stroke patients with cyp2c19 genetic variants. Stroke. 2017;48:998-1004. DOI: 10.1161/STROKEAHA.116.016463.

Larsson SC, Scott RA, Traylor M, Langenberg CC, Hindy G, Melander O, et al. Type 2 diabetes, glucose, insulin, bmi, and ischemic stroke
subtypes: Mendelian randomization study. Neurology. 2017 Aug 1;89(5):454-460. DOI: 10.1212/WNL.0000000000004173.

Imam H, Nguyen TH, De Caterina R, Nooney VB, Chong CR, Horowitz JD, et al. Impaired adenylate cyclase signaling in acute myocardial
ischemia: Impact on effectiveness of p2y12 receptor antagonists. Thrombosis research. 2019;181:92-98. DOI: 10.1016/j.thromres.2019.07.016.
Yngen M, Ostenson CG, Li N, Hjemdahl P, Wallén NH. Acute hyperglycemia increases soluble p-selectin in male patients with mild diabetes
mellitus. Blood coagulation & fibrinolysis : an international journal in haemostasis and thrombosis. 2001;12:109-116. DOI: 10.1097/00001721-
200103000-00004.

Undas A, Wiek |, Stépien E, Zmudka K, Tracz W. Hyperglycemia is associated with enhanced thrombin formation, platelet activation, and fibrin
clot resistance to lysis in patients with acute coronary syndrome. Diabetes care. 2008;31:1590-1595. DOI: 10.2337/dc08-0282.

Vaidyula VR, Rao AK, Mozzoli M, Homko C, Cheung P, Boden G. Effects of hyperglycemia and hyperinsulinemia on circulating tissue factor
procoagulant activity and platelet cd40 ligand. Diabetes. 2006;55:202-208.

Wang Y, Beck W, Deppisch R, Marshall SM, Hoenich NA, Thompson MG. Advanced glycation end products elicit externalization of
phosphatidylserine in a subpopulation of platelets via 5-ht2a/2c receptors. American journal of physiology. Cell physiology. 2007;293:C328-336.
DOI: 10.1152/ajpcell.00560.2006.

Parsons MW, Barber PA, Desmond PM, Baird TA, Darby DG, Byrnes G, et al. Acute hyperglycemia adversely affects stroke outcome: A magnetic
resonance imaging and spectroscopy study. Annals of neurology. 2002;52:20-28. DOI: 10.1002/ana.10241.

Els T, Klisch J, Orszagh M, Hetzel A, Schulte-Monting J, Schumacher M, et al. Hyperglycemia in patients with focal cerebral ischemia after
intravenous thrombolysis: Influence on clinical outcome and infarct size. Cerebrovascular diseases (Basel, Switzerland). 2002;13:89-94. DOI:
10.1159/000047756.

Ribo M, Molina CA, Delgado P, Rubiera M, Delgado-Mederos R, Rovira A, et al. Hyperglycemia during ischemia rapidly accelerates brain damage
in stroke patients treated with tpa. Journal of cerebral blood flow and metabolism : official journal of the International Society of Cerebral Blood
Flow and Metabolism. 2007;27:1616-1622. DOI: 10.1038/sj.jcbfm.9600460.

Garg R, Chaudhuri A, Munschauer F, Dandona P. Hyperglycemia, insulin, and acute ischemic stroke: A mechanistic justification for a trial of
insulin infusion therapy. Stroke. 2006;37:267-273. DOI: 10.1161/01.STR.0000195175.29487.30.

Page 11/12



35. Hart RG, Diener HC, Coutts SB, Easton JD, Granger CB, O'Donnell MJ, et al. Embolic strokes of undetermined source: The case for a new clinical
construct. The Lancet. Neurology. 2014;13:429-438. DOI: 10.1016/S1474-4422(13)70310-7.

36. Ornello R, Degan D, Tiseo C, Di Carmine C, Perciballi L, Pistoia F, et al. Distribution and temporal trends from 1993 to 2015 of ischemic stroke
subtypes: A systematic review and meta-analysis. Stroke. 2018;49:814-819. DOI: 10.1161/STROKEAHA.117.020031.

Figures

5170 patients enrolled

patients did not agree to
.| participate in the

"| prespecified biomarker
substudy n=2126

A 4

3044 patients

Patients without complete
data of fasting glucose or
GA level n=18

A4

3026 patients included

Patients without complete
required MRI sequence
n=2229

A4

797 patients included

Figure 1

Flowchart of Patients’ Inclusion. GA indicates glycated albumin, MRI, Magnetic Resonance Imaging.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

¢ Additionalfile3CONSORT2010Checklist.doc
¢ Additionalfile1.docx
¢ Additionalfile2CHANCEinvestigators.docx

Page 12/12


https://assets.researchsquare.com/files/rs-21800/v1/Additionalfile3CONSORT2010Checklist.doc
https://assets.researchsquare.com/files/rs-21800/v1/Additionalfile1.docx
https://assets.researchsquare.com/files/rs-21800/v1/Additionalfile2CHANCEinvestigators.docx

