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Approximately 10%–20% of patients with minor 
ischemic stroke or transient ischemic attack (TIA) 
developed recurrence within 3 months after symptom 
onset1, 2), most of which even occurred within the first 
2 days3). Early identification of high-risk patients 
helps in the application of intensive secondary 
prevention or screening of candidate for potential 

additional treatment4). 
Patients with residual inflammation risk had a 

higher rate of subsequent stroke5), suggesting that 
inflammation contributed to the residual risk of 
recurrent stroke5, 6). The role of inflammation in 
stroke pathogenesis through various mechanisms has 
been well addressed previously7). The association 
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center. All the included patients or their legal proxies 
provided written informed consent.

Image Analysis
In the image substudy of the CHANCE trial, 

patients provided a three-dimensional (3D) time-of-
flight magnetic resonance angiography (MRA) of MR 
image sequence9). In the CNSR-III, either image of 
MRA, computerized tomography angiography, or 
digital subtraction angiography was collected during 
hospitalization14). A centralized interpretation by two 
readers blinded to patients’ information was 
performed in the center laboratory of Beijing Tiantan 
Hospital in both the CHANCE trial and CNSR-III. 
ICAS was determined by the presence of 50%–99% 
stenosis according to the Warfarin–Aspirin 
Symptomatic Intracranial Disease trial criteria or 
occlusion of at least one of the following arterial 
segments: intracranial portion of internal carotid 
arteries, middle cerebral arteries (M1/M2), intracranial 
portion of vertebral arteries, and basilar artery15).

Measurement of hsCRP
All fasting blood specimens were collected within 

24±12 hours after enrollment and transported 
through cold chain to the core laboratory in Beijing 
Tiantan Hospital. All samples were stored at －80℃. 
The hsCRP concentration was determined centrally 
and blindly using a Roche Modular analyzer via 
turbidimetric immunoassay.

Follow-up and Outcomes
In the CHANCE trial, participants were followed 

up by face-to-face interview at 90 days by trained 
research personnel13), whereas participants in the 
CNSR-III were followed up by face-to-face or 
telephone interview at 3 months and 1 year14).

The primary outcome was a new ischemic stroke 
within 90 days. The secondary outcome was 
dependence or death defined as a Modified Rankin 
Scale score of 3–6 at 90 days and new ischemic stroke 
or dependence or death within 1 year in the CNSR-
III cohort.

Statistical Analysis
A hsCRP cutoff level of ≥ 2 mg/L has been 

applied to defined high-risk patients in the previous 
randomized clinical trial16, 17). We therefore used this 
cutoff level and the presence of ICAS to classify 
patients. Furthermore, a cutoff hsCRP level ＞3 mg/L 
has been recommended by the Centers for Disease 
Control and American Heart Association for risk 
stratification of cardiovascular disease18). We have 
proved its usefulness in recurrent stroke10). We further 

between greater inflammation burden evaluated using 
various circulating inflammation markers and 
increased recurrence risk has been previously 
suggested8). Intracranial arterial stenosis (ICAS) has 
been perceived as an inflammatory process and an 
accessible image marker of recurrence9). Contrarily, 
h igh-sensitivity C-reactive protein (hsCRP) is a well 
acknowledged inflammatory biomarker associated 
with recurrent stroke10) and reflects intracranial 
atherosclerotic burden11). The addition of ICAS to 
hsCRP might improve the resolution capability of the 
degree of vascular inflammation4). However, how the 
degree of vascular inflammation burden determined 
by the combination of ICAS and hsCRP affects 
recurrent stroke is still undetermined. On the 
contrary, inflammation has been correlated with poor 
functional outcome in patients with minor stroke or 
TIA10). Nevertheless, the role of the combination of 
hsCRP and ICAS in predicting dependence or death 
is less established.

Using data from the Clopidogrel in High-Risk 
Patients with Acute Nondisabling Cerebrovascular 
Events (CHANCE) trial12), we aimed to explore the 
outcomes of minor stroke and TIA according to 
hsCRP levels and ICAS. We further verified the results 
by using a prospective cohort of the Third China 
National Stroke Registry (CNSR-III).

Methods

Study Design
Details on the design and methods of the 

CHANCE trial and CNSR-III have been previously 
described13, 14). 

In brief, the CHANCE trial was a randomized, 
double-blind, placebo-controlled clinical trial that 
included patients with acute minor stroke (National 
Institutes of Health Stroke Scale (NIHSS) ≤ 3) or 
moderate-to-high risk of TIA (ABCD2 score ≥ 4) 
within 24 h of symptom onset to assess the efficacy 
and safety of clopidogrel added to aspirin.

The CNSR-III was a nationwide, multicenter, 
prospective, observational registry that included 
consecutive patients who presented to hospitals within 
7 days after acute ischemic stroke or TIA between 
August 2015 and March 2018 from 201 study sites in 
China. For the present study, we extracted patients 
with minor stroke (NIHSS ≤ 3) or moderate-to-high 
risk of TIA (ABCD2 score ≥ 4) and admitted within 
24 hours after the index event from CNSR-III.

Standard Protocol Approvals and Patient Consents
The CHANCE trial and CNSR-III protocols 

were approved by the ethics committee at each study 
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the highest risk of subsequent vascular event19, 20). We 
therefore calculated the c-statistics and net 
reclassification index to evaluate improvement in risk 
classification by hsCRP and  presence of ICAS over the 
Essen Stroke Risk Score.

A two-sided p＜0.05 was considered to indicate 
statistical significance. All statistical analyses were 
conducted using the SAS software version 9.3 (SAS 
Institute, Inc., Cary, NC).

Results

Patient Characteristics
A total of 807 patients were included in the 

derivation cohort and 4,197 in the validation cohort 
(Supplemental Fig. 1). In the derivation cohort, 322 
(39.9%), 127 (15.7%), 216 (26.8%), and 142 
(17.6%) patients had nonelevated hsCRP levels 
without ICAS, elevated hsCRP levels without ICAS, 
nonelevated hsCRP levels with ICAS, and elevated 
hsCRP levels with ICAS, respectively. Age, history of 
ischemic stroke, TIA, hypertension and diabetes, 
baseline NIHSS score, and baseline leukocyte count 
differed among the four groups (Table 1). 

conducted sensitivity analyses using this cutoff level.
Proportions were used for categorical variables. 

Mean with SD or medians with interquartile ranges 
were used for continuous variables. Categorical 
variables were compared using chi-squared statistics or 
Fisher’s exact test as appropriate. Continuous variables 
were compared via one-way analysis of variance or 
Kruskal–Wallis test.

We first assessed the associations between hsCRP 
levels and ICAS and outcomes using the cohort of the 
CHANCE trial (derivation cohort) and then verified 
the relationships in the cohort of CNSR-III 
(validation cohort). Multivariate Cox proportional-
hazards regression and logistic regression models were 
used. The potential confounders were demographic 
factors, previously published traditional or clinical risk 
factors, baseline leukocyte count, and study 
intervention or secondary prevention medications 
used during the follow-up period. Adjusted hazard 
ratios (HRs) and their 95% confidence intervals (CIs) 
were reported.

The receiver operating characteristic (ROC) 
curve with area under the curve was used. The Essen 
Stroke Risk Score was developed to identify patients at 

Table 1. Baseline Characteristics According to hsCRP Levels and Presence of ICAS in the Derivation Cohort

Characteristics hsCRP ＜2mg/L and 
absence of ICAS, 

n =259

hsCRP ≥ 2mg/L and 
absence of ICAS, 

n =190

hsCRP ＜2mg/L and 
with ICAS, n =176

hsCRP ≥ 2 mg/L and 
with ICAS, n =182

P value

Age, median (IQR) 60 (53-68) 62 (54-72) 66 (57-74) 67 (59-73) ＜0.001
BMI, median (IQR) 24.2 (22.1-25.7) 24.5 (22.5-26.8) 24.5 (22.4-26.4) 24.5 (22.4-27.0) 0.17
Female, No. (%) 86 (33.2) 60 (31.6) 72 (40.9) 64 (35.2) 0.26
Current or previous smoking, No. (%) 111 (42.9) 85 (44.7) 68 (38.6) 79 (43.4) 0.67
Medical history, No. (%)

Ischemic stroke 35 (13.5) 26 (13.7) 35 (19.9) 44 (24.2) 0.01
TIA 6 (2.3) 3 (1.6) 5 (2.8) 12 (6.6) 0.03
Myocardial infarction 1 (0.4) 3 (1.6) 6 (3.4) 4 (2.2) 0.09
Congestive heart failure 4 (1.5) 3 (1.6) 6 (3.4) 3 (1.6) 0.56
Known atrial fibrillation or flutter 4 (1.5) 6 (3.2) 6 (3.4) 2 (1.1) 0.31
Hypercholesterolemia 32 (12.4) 26 (13.7) 19 (10.8) 28 (15.4) 0.61
Hypertension 154 (59.5) 129 (67.9) 104 (59.1) 140 (76.9) ＜0.0001
Diabetes mellitus 38 (14.7) 30 (15.8) 42 (23.9) 45 (24.7) 0.01

Baseline NIHSS score, median (IQR) 1 (0-2) 2 (0-2) 2 (0-3) 2 (1-3) 0.001
Baseline leukocyte count (*109/L), median (IQR) 6.3 (5.1-7.3) 7.0 (5.9-8.4) 6.8 (5.7-8.2) 7.5 (6.3-9.1) ＜0.0001
Index event 0.22

TIA, No.(%) 73 (28.2) 46 (24.2) 47 (26.7) 36 (19.8)
Minor stroke, No.(%) 186 (71.8) 144 (75.8) 129 (73.3) 146 (80.2)

Treatment allocation 0.83
Aspirin alone, No.(%) 124 (47.9) 97 (51.1) 88 (50.0) 95 (52.2)
Clopidogrel plus aspirin, No.(%) 135 (52.1) 93 (48.9) 88 (50.0) 87 (47.8)

Abbreviation: hsCRP = high-sensitive C-reactive protein; ICAS= Intracranial arterial stenosis; BMI=body mass index; IQR= interquartile range; 
NIHSS= National Institutes of Health Stroke Scale; TIA= transient ischemic attack.
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Discussion

The present study showed that a greater 
inflammation burden assessed by the combination of 
hsCRP levels and the presence of ICAS predicted 
higher risk of recurrent ischemic stroke and 
dependence or death in patients with minor ischemic 
stroke or TIA.

Patients were at a high risk of developing new 
vascular events early after acute minor stroke or TIA, 
which frequently worsened the prognosis. However, 
traditional statistical prediction models based on 
clinical risk factors did not account for the entire risk2, 21). 
There has been a substantial interest to find simple 
and readily available markers to predict recurrence. 
Furthermore, a gradient relationship between the 
numbers of elevated biomarkers and risk of vascular 
events has been previously reported22, 23). In line with 
that, we previously showed that the combination of 
inflammation biomarkers of hsCRP and soluble 
CD40 ligand or image marker of multiple infarctions 
better predicted recurrent stroke than any one alone in 
patients with minor stroke or TIA, indicating the 
addictive effect of inflammation burden on vascular 
event4, 8, 24). Furthermore, in view of the pathological 
role of inflammation in ICAS25), our previous study 
illustrating the summation effect of ICAS and higher 
neutrophil counts on recurrence further supported 
this hypothesis26). In contrary with neutrophil counts, 
hsCRP is an inflammation biomarker commonly used 
in the clinical setting; its application in the prediction 
of vascular events has been investigated through 
mechanisms such as promotion of endothelial cell 
dysfunction, atherosclerosis, progression and 
destabilization of atherosclerotic plaques, and arterial 
thrombosis27-29). In the p resent study, we found that 
the combination of hsCRP and ICAS gradually 
increased the hazard of recurrence or poor prognosis 
compared with hsCRP or ICAS alone, indicating the 
synergistic effect of hsCRP and ICAS on stroke 
recurrence and grim prognosis, consistent with the 
gradual increased areas under the ROC curves for the 
prediction models of the Essen Stroke Risk Score 
when including hsCRP or ICAS alone, and both. 
ICAS was  adjudicated when 50%–99% stenosis or 
arterial occlusion was present in the present study. The 
ability of the dichotomous variable of ICAS and the 
continuous variable of hsCRP level to reflect vascular 
inflammatory burden might not be comparable. This 
may explain why the area of the model with the Essen 
Stroke Risk Score and ICAS only slightly changed 
when hsCRP was added. Further research is warranted 
to confirm our findings.

For patie nts with ICAS, stroke could be due to 

Furthermore, the body mass index and history of 
myocardial infarction, congestive heart failure, known 
atrial fibrillation, or flutter and hypercholesterolemia 
differed in the validation cohort (Supplemental Table 
1).

hsCRP and Recurrent Ischemic Stroke
The univariate analyses are presented in 

Suppleme nt Table 2. The derivation cohort included 
73 (9.0%) patients with ischemic stroke within 90 
days. Compared with the patients with nonelevated 
hsCRP levels and no ICAS, those with both elevated 
hsCRP levels and ICAS had increased risk of recurrent 
ischemic stroke after adjustment (adjusted HR, 2.62; 
95% CI, 1.28–5.34; p=0.008) (Table 2), and a 
nominally significant association with recurrent 
ischemic stroke was observed among patients with 
nonelevated hsCRP levels and with ICAS (adjusted 
HR, 2.03; 95% CI, 0.98–4.20; p=0.058) (Table 2). 
In the validation cohort, we observed a consistent 
association of elevated hsCRP levels and ICAS with 
recurrent ischemic stroke within 90 days (adjusted 
HR, 1.67; 95% CI, 1.13–2.45; p=0.009) (Table 2). 
Similar results were observed in the sensitivity analysis 
with an hsCRP cutoff level of 3 mg/L (Supplemental 
Table 3).

With respect to recurrent ischemic stroke within 
1 year, similar results were observed, in addition to a 
more apparent relationship between nonelevated 
hsCRP levels and ICAS and recurrence (Table 2). We 
therefore conducted further analyses to determine 
whether the addition of hsCRP and ICAS improved 
the prediction value. The area under the ROC curves 
for the prediction model of the Essen Stroke Risk 
Score (0.58, p=0.002) increased after including 
hsCRP and ICAS in the model, resulting in the 
improvement of continuous net reclassification index 
(28.1%, p＜0.0001) (Table 3).

hsCRP and Dependence or Death
In the derivation cohort, a total of 54 (6.7%) 

patients had dependence or death at 90 days. 
Compared with the patients with nonelevated hsCRP 
levels and no ICAS, those with both elevated hsCRP 
levels and ICAS had increased risk of dependence or 
death (adjusted OR, 7.58; 95% CI, 1.30–44.13; 
p=0.02, Table 2).

In the validation cohort, a consistent significant 
relationship was observed at 90 days (adjusted OR, 
1.87; 95% CI, 1.23–2.84; p=0.003, Table 2) and 1 
year (adjusted OR, 1.53; 95% CI, 1.02–2.28; p=0.04, 
Table 2). Similar results were found in the sensitivity 
analyses (Supplemental Table 3).
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Table 2. Risk of Recurrent Ischemic Stroke and Dependence or Death According to hsCRP Levels and Presence of ICAS

Cohort Outcomes Group＊ Events, n (%) Model 1 † Model 2 ‡ Model 3 §

Adjusted HR/OR 
(95% CI)

P value Adjusted HR/OR 
(95% CI)

P value Adjusted HR/OR 
(95% CI)

P value

Derivation Cohort Recurrent ischemic 
stroke within 90-days 

1 13 (5.0) Reference / Reference / Reference /
2 15 (7.9) 1.60 (0.76-3.38) 0.22 1.60 (0.75-3.39) 0.23 1.60 (0.75-3.41) 0.22
3 19 (10.8) 2.14 (1.05-4.36) 0.04 2.02 (0.98-4.18) 0.06 2.03 (0.98-4.20) 0.058
4 26 (14.3) 2.99 (1.52-5.89) 0.002 2.61 (1.29-5.27) 0.008 2.62 (1.28-5.34) 0.008

Dependence or death 
within 90-days

1 6 (2.3) Reference / Reference / Reference /
2 9 (4.8) 2.05 (0.71-5.89) 0.18 1.14 (0.20-6.57) 0.89 1.11 (0.19-6.48) 0.91
3 15 (8.5) 3.58 (1.35-9.50) 0.01 3.44 (0.59-20.18) 0.17 3.32 (0.56-19.73) 0.19
4 24 (13.2) 5.95 (2.35-15.07) ＜0.0001 7.85 (1.37-45.04) 0.02 7.58 (1.30-44.13) 0.02

Validation Cohort Recurrent ischemic 
stroke within 90-days

1 53 (3.6) Reference / Reference / Reference /
2 47 (5.4) 1.47 (0.99-2.18) 0.06 1.39 (0.93-2.06) 0.11 1.38 (0.93-2.05) 0.11
3 55 (5.3) 1.45 (1.00-2.12) 0.05 1.42 (0.97-2.07) 0.07 1.41 (0.96-2.06) 0.08
4 59 (7.1) 1.88 (1.29-2.74) 0.001 1.69 (1.15-2.48) 0.007 1.67 (1.13-2.45) 0.009

Recurrent ischemic 
stroke within 1-year

1 88 (6.0) Reference / Reference / Reference /
2 60 (6.9) 1.14 (0.82-1.59) 0.42 1.11 (0.80-1.55) 0.54 1.12 (0.80-1.56) 0.52
3 96 (9.3) 1.55 (1.16-2.07) 0.003 1.53 (1.14-2.05) 0.005 1.54 (1.15-2.06) 0.004
4 97 (11.7) 1.93 (1.44-2.58) ＜0.0001 1.77 (1.32-2.39) 0.0002 1.76 (1.30-2.38) 0.0002

Dependence or death at 
90-days

1 47 (3.2) Reference / Reference / Reference /
2 41 (4.8) 1.31 (0.85-2.01) 0.23 1.14 (0.72-1.82) 0.57 1.13 (0.71-1.80) 0.60
3 51 (5.0) 1.40 (0.93-2.11) 0.10 1.18 (0.76-1.82) 0.46 1.16 (0.75-1.79) 0.50
4 74 (9.1) 2.36 (1.61-3.47) ＜0.0001 1.85 (1.22-2.81) 0.004 1.87 (1.23-2.84) 0.003

Dependence or death at 
1- year

1 57 (3.9) Reference / Reference / Reference /
2 50 (5.9) 1.29 (0.87-1.91) 0.21 1.16 (0.76-1.78) 0.49 1.1 8(0.77-1.80) 0.46
3 66 (6.5) 1.47 (1.02-2.13) 0.04 1.31 (0.88-1.94) 0.18 1.32 (0.89-1.95) 0.17
4 73 (9.0) 1.85 (1.28-2.67) 0.001 1.49 (1.00-2.21) 0.05 1.53 (1.02-2.28) 0.04

Abbreviation: hsCRP = high-sensitive C-reactive protein; ICAS= Intracranial arterial stenosis; HR = hazard ratio; OR=odds ratio; CI=confidence 
intervals; 
＊ Group 1: hsCRP ＜2mg/L and absence of ICAS; Group 2: hsCRP ≥ 2mg/L and absence of ICAS; Group 3: hsCRP ＜2mg/L and with ICAS; 
Group 4: hsCRP ≥ 2mg/L and with ICAS;
† Model 1, adjusted for age and sex; 
‡ Model 2: In the derivation cohort, for the outcome of ischemic stroke, the models were adjusted for age, sex, body mass index, current or previous 
smoking, medical history of hypertension, diabetes mellitus, hypercholesterolemia, ischemic stroke, transient ischemic attack, myocardial infarction, 
angina and known atrial fibrillation or flutter, National Institutes of Health Stroke Scale (NIHSS) score at 1 day after randomization, qualifying 
event, rand omized treatment of aspirin monotherapy or dual antiplatelet therapy, and the use of lipid-lowering agents, hypoglycemic agents or 
antihypertension agents during 90-day follow-up period; for the outcome of dependence or death, the models were adjusted for age, sex, body mass 
index, current or previous smoking, medical history of hypertension, diabetes mellitus, hypercholesterolemia, ischemic stroke, transient ischemic 
attack, myocardial infarction, angina, and known atrial fibrillation or flutter, NIHSS score at 1 day after randomization, pre-stroke modified 
Rankin Scale (mRS) score, qualifying event, randomized treatment of aspirin monotherapy or dual antiplatelet therapy, the use of lipid-lowering, 
hypoglycemic or antihypertension agents and recurrence of stroke during 90-day follow-up. In the validation cohort, for the outcome of ischemic 
stroke, the models were adjusted for age, sex, body mass index, current or previous smoking, medical history of hypertension, diabetes mellitus, 
hypercholesterolemia, ischemic stroke, transient ischemic attack, myocardial infarction, angina, known atrial fibrillation or flutter, baseline NIHSS 
score, qualifying event, recombinant tissue plasminogen activator (rtPA) treatment, endovascular therapy, and the use of antiplatelet agents, lipid-
lowering agents, hypoglycemic agents, antihypertension agents or ant icoagulation agents during follow-up period; for the outcome of dependence 
or death, the models were adjusted for age, sex, body mass index, current or previous smoking, medical history of hypertension, diabetes mellitus, 
hypercholesterolemia, ischemic stroke, transient ischemic attack, myocardial infarction, and known atrial fibrillation or flutter, baseline NIHSS 
score, pre-stroke mRS score, qualifying event, rtPA treatment, endovascular therapy, the use of antiplatelet agents, lipid-lowering agents, 
hypoglycemic agents, antihypertension agents or anticoagulation agents and recurrence of stroke during follow-up period;
§ Model 3：adjusted for all factors in Model 2 and baseline leukocyte counts.
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cerebrovascular disease.
Conversely, though we included patients with 

minor stroke or TIA in the present study, we found 
that elevated levels of hsCRP and presence of ICAS 
predicted disability or death. Because recurrence 
might worsen prognosis, we added recurrence as a 
confounding factor in the multivariate analyses, and 
identical results were obtained. It has been shown that 
CRP activates the complement pathway, which exerts 
cytotoxic effect and exacerbates cerebral tissue damage, 
enhancing neuronal cell apoptosis and infarct size, all 
of which might explain neurologic functional 
impairment33-35).

Taken together, we found that the combination 
of image marker of ICAS and biomarker of hsCRP is 
useful for the risk stratification of recurrent stroke, 
exceeding the predictability of using any of the 
markers alone. Given the protection of anti-
inflammatory therapy in subsequent vascular events 
after coronary heart disease, our results might have 
potential importance for the selection of high-risk 
patients for anti-inflammatory treatment.

Although this post hoc analysis was based on the 
data from two well-designed large cohorts, there were 
still several limitations. First, the measurement of 
hsCRP level was only once at baseline. The dynamic 
fluctuation might be more meaningful. Second, 
leukocyte count is a common marker for infection. 
Though we adjusted it as a confounder in the 
multivariate regression models, baseline data regarding 
stroke-associated infections would be more 
informative. Third, a considerable percentage of 
patients had TIA as the index event in the present 
study, precluding us from defining responsible arterial 
stenosis or occlusion. Fourth, the prevalence of ICAS 
in Asian descent has been reported to be higher than 
that of Western descent. Therefore, the generalizability 
of our findings needs further validation36, 37).

hypoperfusion resulting in stenosis and unstable 
plaque-related thromboembolism. In view of hsCRP, 
the mechanisms leading to the occurrence of stroke 
might also include arterial stenosis11) as well as unstable 
plaque and thrombosis30), in addition to more risk 
factors, such as older age and comorbidity, as our 
results indicated. A previous study showed that 
intraplaque inflammation was associated with early 
stroke recurrence, independent of the degree of 
stenosis31). hsCRP might accelerate the progression of 
arterial stenosis in patients with ICAS as a systemic 
inflammatory marker or indicate an active 
inflammation in the initial ICAS part as a local 
inflammatory marker. However, due to the lack of 
image inf ormation of recurrence in the present study, 
the exact  reason for the increased risk of recurrent 
stroke in the patients with elevated hsCRP levels and 
ICAS was not identified.

Measurements of the hsCRP level and 
determination of ICAS were centralized in the present 
study to ensure consistency of the assessments. 
Furthermore, we evaluated and validated the 
predictive value of the combination of hsCRP and 
ICAS in two independent cohorts to provide stronger 
evidence. hsCRP should increase under various patient 
conditions represented by infection. We previously 
demonstrated that the measurement time of hsCRP 
affected its association with stroke recurrence: hsCRP 
measured in the first 72 hours after ischemic stroke or 
TIA but not beyond 72 hours was associated with an 
increased risk of 1‐year stroke recurrence32). We 
controlled the sampling time within that window and 
further adjusted the baseline leukocyte counts to 
exclude their influence on the results. It is noteworthy 
that the predictive accuracy of the Essen Stroke Risk 
Score was lower than that in the previous study20), 
which might be mainly due to the dramatic reduction 
of recurrence rate caused by the improvement of 
secondary prevention management of ischemic 

Table 3.  Reclassification and Discrimination Statistics for Recurrent Stroke within 1-year by Adding hsCRP and ICAS to ESSEN
Score in the Validation Cohort

Outcomes Model AUC NRI,%

Estimate (95% CI) P value Estimate (95% CI) P value

Ischemic Stroke 
Recurrence

ESRS 0.54 (0.50-0.57) / Reference /
ESRS+hsCRP 0.54 (0.51-0.58) 0.40 10.9 (-0.2-21.9) 0.05
ESRS+ICAS 0.57 (0.55-0.61) 0.002 26.8 (15.8-37.8) ＜0.0001
ESRS+hsCRP+ICAS 0.58 (0.55-0.62) 0.002 28.1 (17.2-39.1) ＜0.0001

C-statistics, net reclassification index (NRI) and their 95% confidence interval were calculated respectively to evaluate improvement in risk 
classification by hsCRP and presence of ICAS over Essen Stroke Risk Score.
Abbreviations: hsCRP = high-sensitive C-reactive protein; ICAS= Intracranial arterial stenosis; AUC=Area under the curve; CI=Confidence 
Interval; NRI= Net Reclassification Index; ESRS=Essen Stroke Risk Score.
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Supplemental Table1. Baseline characteristics according to the status of hsCRP levels and ICAS in the validation cohort.

Characteristics hsCRP ＜2mg/L 
and absence of 
ICAS n =1472

hsCRP ≥ 2mg/L 
and absence of 
ICAS n =866

hsCRP ＜2mg/L 
and with ICAS 

n =1029

hsCRP ≥ 2mg/L 
and with ICAS 

n =830

P value

Age, median (IQR) 60 (52-67) 63 (54-71) 63 (55-70) 64 (57-73) ＜0.0001
BMI, median (IQR) 24.3 (22.5-26.2) 24.7 (22.6-27.1) 24.6 (22.7-26.5) 25.0 (23.0-27.3) ＜0.0001
Female, No. (%) 433 (29.4) 257 (29.7) 284 (27.6) 275 (33.1) 0.08
Current or previous smoking, No. (%) 503 (34.2) 306 (35.3) 336 (32.7) 259 (31.2) 0.28
Medical history, No. (%)

Ischemic stroke 234 (15.9) 142 (16.4) 210 (20.4) 193 (23.3) ＜0.0001
TIA 37 (2.5) 28 (3.2) 39 (3.8) 31 (3.7) 0.25
Myocardial infarction 20 (1.4) 18 (2.1) 13 (1.3) 23 (2.8) 0.04
Congestive heart failure 1 (0.1) 1 (0.1) 2 (0.2) 6 (0.7) 0.04
K nown atrial fibrillation or flutter 31 (2.1) 24 (2.8) 40 (3.9) 38 (4.6) 0.005
Hypercholesterolemia 113 (7.7) 103 (11.9) 97 (9.4) 82 (9.9) 0.009
Hypertension 844 (57.3) 539 (62.2) 685 (66.6) 570 (68.7) ＜0.0001
Diabetes mellitus 290 (19.7) 183 (21.1) 251 (24.4) 257 (31.0) ＜0.0001

Baseline NIHSS, median (IQR) 1.5 (1-2) 2.0 (1-2) 2.0 (1-2) 2.0 (1.0-3.0) 0.01
Index event 0.24

TIA, No.(%) 99 (6.7) 59 (6.8) 70 (6.8) 40 (4.8)
Minor stroke, No.(%) 1373 (93.3) 807 (93.2) 959 (93.2) 790 (95.2)

Supplemental Fig. 1. Flow Chart Showing the Participant Selection
Abbreviation: hsCRP= high-sensitive C-reactive protein, NIHSS=National Institutes of Health Stroke Scale, TIA=transient ischemic attack. 
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Supplemental Table2.  Univariable Analyses of Risks for Recurrent Ischemic Stroke and Dependence or Death within 90 days in
the Derivation Cohort

Characteristics No IS recurrence IS Recurrence HR (95% CI) P value mRS: 0-3 mRS: 3-6 OR (95% CI) P value

Age, median (IQR) 62.9 (55.0-71.7) 65.8 (54.7-73.1) 1.01 (0.99-1.03) 0.37 62.8 (54.8-71.7) 67.4 (58.3-74.0) 1.03 (1.00-1.05) ＜0.0001
BMI, median (IQR) 24.3 (22.5-26.4) 25.3 (22.0-27.5) 1.03 (0.96-1.10) 0.43 24.3 (22.4-26.4) 25.4 (22.8-27.5) 1.05 (0.97-1.14) 0.26
Female, No. (%) 248 (33.8) 34 (46.6) 1.66 (1.05-2.62) 0.03 256 (34.1) 25 (46.3) 1.66 (0.95-2.90) 0.07
Current or previous smoking, No. (%) 315 (42.9) 28 (38.4) 0.83 (0.52-1.34) 0.45 322 (42.9) 19 (35.2) 0.72 (0.41-1.29) 0.27
Medical history, No. (%)

Ischemic stroke 121 (16.5) 19 (26.0) 1.74 (1.03-2.94) 0.04 126 (16.8) 13 (24.1) 1.57 (0.82-3.02) 0.18
Transient ischemic attack 21 (2.9) 5 (6.8) 2.35 (0.95-5.84) 0.07 24 (3.2) 2 (3.7) 1.16 (0.27-5.06) 0.84
Myocardial infarction 14 (1.9) 0 (0) 0.05 (0-109.6) 0.44 13 (1.7) 0 (0) / 1.00
Angina 22 (3.0) 1 (1.4) 0.47 (0.07-3.39) 0.46 22 (2.9) 1 (1.9) 0.62 (0.08- 4.72) 0.65
Congestive heart failure 13 (1.8) 3 (4.1) 2.29 (0.72-7.28) 0.16 12 (1.6) 3 (5.6) 3.62 (0.99-13.23) 0.052
Known atrial fibrillation or flutter 14 (1.9) 4 (5.5) 2.70 (0.98-7.39) 0.054 14 (1.9) 4 (7.4) 4.21 (1.34-13.25) 0.01
Hypercholesterolemia 96 (13.1) 9 (12.3) 0.93 (0.46-1.87) 0.84 95 (12.7) 8 (14.8) 1.20 (0.55-2.62) 0.65 
Hypertension 475 (64.7) 52 (71.2) 1.33 (0.80-2.21) 0.27 484 (64.5) 40 (74.1) 1.57 (0.84-2.94) 0.16
Diabetes mellitus 138 (18.8) 17 (23.3) 1.29 (0.75-2.23) 0.35 141 (18.8) 14 (25.9) 1.51 (0.80-2.85) 0.20

Baseline NIHSS, median (IQR) 2 (0-2) 2 (1-3) 1.31 (1.05-1.62) 0.01 2 (0-2) 2 (2-3) 1.68 (1.28-2.22) ＜0.0001
Baseline leukocyte count (*109/L), median (IQR) 6.7 (5.6-8.2) 7.2 (6.2-8.2) 1.01 (0.98-1.05) 0.48 6.7 (5.6-8.2) 7.4 (6.2-8.7) 1.02 (0.97-1.07) 0.45
Minor stroke as index event, No.(%) 542 (73.8) 63 (86.3) 2.17 (1.11-4.22) 0.02 550 (73.3) 53 (98.1) 19.3 (2.7-140.3) 0.003
Treatment allocation of clopidogrel plus aspirin 371 (50.5) 32 (43.8) 0.78 (0.49-1.24) 0.29 373 (49.7) 27 (50.0) 1.01 (0.58-1.76) 0.97

Abbreviation: HR = hazard ratio; CI=confidence intervals; OR=odds ratio; mRS=Modified Rankin Scale score; IQR= interquartile range;

Supplemental Table 3.  Risk of Recurrent Ischemic Stroke and Dependence or Death at 90 Days According to hsCRP Level of
≥ 3mg/L and Presence of ICAS

Cohort Outcomes Group Events, n (%) Model 1 ＊ Model 2 †

Adjusted HR (95% 
CI)

P value Adjusted HR (95% 
CI)

P value

Derivation Cohort Ischemic Stroke hsCRP ＜3mg/L and absence of ICAS 16 (5.0) Reference / Reference /
hsCRP ≥ 3mg/L and absence of ICAS 12 (9.4) 1.92 (0.91-4.07) 0.09 1.80 (0.85-3.85) 0.13
hsCRP ＜3mg/L and with ICAS 26 (12.0) 2.42 (1.29-4.55) 0.006 2.26 (1.19-4.29) 0.01
hsCRP ≥ 3mg/L and with ICAS 19 (13.4) 2.81 (1.43-5.53) 0.003 2.33 (1.15-4.71) 0.02

Dependence or death hsCRP ＜3mg/L and absence of ICAS 8 (2.5) Reference / Reference /
hsCRP ≥ 3mg/L and absence of ICAS 7 (5.6) 2.22 (0.79-6.28) 0.13 0.88 (0.15-5.10) 0.89
hsCRP ＜3mg/L and with ICAS 20 (9.3) 3.69 (1.58-8.60) 0.003 3.06 (0.63-14.88) 0.17
hsCRP ≥ 3mg/L and with ICAS 19 (13.4) 5.60 (2.36-13.3) ＜0.0001 9.48 (1.65-54.46) 0.01

Validation Cohort Ischemic Stroke hsCRP ＜3mg/L and absence of ICAS 70 (4.0) Reference / Reference /
hsCRP ≥ 3mg/L and absence of ICAS 30 (5.0) 1.20 (0.78-1.84) 0.41 1.16 (0.75-1.78) 0.50
hsCRP ＜3mg/L and with ICAS 71 (5.7) 1.38 (0.99-1.93) 0.06 1.33 (0.95-1.86) 0.10
hsCRP ≥ 3mg/L and with ICAS 43 (7.0) 1.64 (1.12-2.41) 0.01 1.54 (1.04-2.28) 0.03

Dependence or death hsCRP ＜3mg/L and absence of ICAS 58 (3.4) Reference / Reference /
hsCRP ≥ 3mg/L and absence of ICAS 30 (5.0) 1.33 (0.84-2.10) 0.22 1.26 (0.77-2.06) 0.35
hsCRP <3mg/L and with ICAS 61 (5.0) 1.34 (0.93-1.94) 0.12 1.13 (0.76-1.68) 0.55
hsCRP ≥3mg/L and with ICAS 64 (10.6) 2.67 (1.83-3.90) ＜0.0001 2.29 (1.52-3.45) ＜0.0001

＊ Model 1, adjusted for age and sex; 
† Model 2: For the outcome of ischemic stroke, the models were adjusted for age, sex, body mass index, current or previous smoking, medical 
history of hypertension, diabetes mellitus, hypercholesterolemia, ischemic stroke, transient ischemic attack, myocardial infarction, known atrial 
fibrillation or flutter, National Institutes of Health Stroke Scale score at 1 day after randomization, qualifying event, randomized treatment of 
aspirin monotherapy or dual antiplatelet therapy, and the use of lipid-lowering agents, hypoglycemic agents or antihypertension agents during 
90-day follow-up period; for the outcome of dependence or death, the models were adjusted for age, sex, body mass index, current or previous 
smoking, medical history of hypertension, diabetes mellitus, hypercholesterolemia, ischemic stroke, transient ischemic attack, myocardial infarction, 
and known atrial fibrillation or flutter, baseline NIHSS score, baseline mRS score, index event, and the use of antiplatelet therapy , lipid-lowering, 
hypoglycemic or antihypertension agents and recurrence of stroke during follow-up.
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