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Residual Risk and Its Risk Factors for Ischemic Stroke
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Background and Purpose Despite administration of evidence-based therapies, residual risk of
stroke recurrence persists. This study aimed to evaluate the residual risk of recurrent stroke in acute
ischemic stroke or transient ischemic attack (TIA) with adherence to guideline-based secondary
stroke prevention and identify the risk factors of the residual risk.

Viethods Patients with acute ischemic stroke or TIA within 7 hours were enrolled from 169 hospi-
tals in Third China National Stroke Registry (CNSR-III) in China. Adherence to guideline-based sec-
ondary stroke prevention was defined as persistently receiving all of the five secondary prevention
medications (antithrombotic, antidiabetic and antihypertensive agents, statin and anticoagulants)
during hospitalization, at discharge, at 3, 6, and 12 months if eligible. The primary outcome was a
new stroke at 12 months.

Results Among 9,022 included patients (median age 63.0 years and 31.7% female), 3,146 (34.9%)
were identified as adherence to guideline-based secondary prevention. Of all, 864 (9.6%) patients
had recurrent stroke at 12 months, and the residual risk in patients with adherence to guideline-
based secondary prevention was 8.3%. Compared with those without adherence, patients with ad-
herence to guideline-based secondary prevention had lower rate of recurrent stroke (hazard ratio,
0.85; 95% confidence interval, 0.74 to 0.99; P=0.04) at 12 months. Female, history of stroke, inter-
leukin-6 >5.63 ng/L, and relevant intracranial artery stenosis were independent risk factors of the
residual risk.

Conclusions There was still a substantial residual risk of 12-month recurrent stroke even in patients
with persistent adherence to guideline-based secondary stroke prevention. Future research should
focus on efforts to reduce the residual risk.
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sive quality improvement in adherence to performance mea-

sures was showed to improve the prognosis of stroke.® In recent

Patients with acute ischemic stroke or transient ischemic at-
tack (TIA) suffer from approximately 10% to 17% risk of recur-
rent stroke during the first year after symptom onset.” Inten-

years, there has been substantial decrease in the risk of stroke
recurrence,*® mainly due to improvement of ischemic stroke
and TIA management, especially increased adherence to guide-
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line-based secondary prevention medications (e.g., antithrom-
botic, antihypertensive, antidiabetic, lipid-lowing and antico-
agulant treatment).® However, the residual risk of stroke recur-
rence in patients with persistent adherence to guideline-based
secondary stroke prevention is not yet estimated. Furthermore,
it is noted that despite administration of these evidence-based
therapies, substantial residual risk of stroke recurrence per-
sists,” indicating that the current guideline-based interventions
do not adequately account for all the pathways that lead to
stroke recurrence. Besides traditional vascular risk factors,
there may be other risk factors (e.g., chronic inflammation)
that contribute to the residual risk of stroke recurrence®® which
might indicate the direction of efforts for stroke management
in the future.

We therefore evaluated the residual risk of recurrent stroke
in acute ischemic stroke or TIA with persistent adherence to
guideline-based secondary stroke prevention, and identify the
risk factors of the residual risk, using data from a nationwide
prospective registry of patients with acute ischemic stroke and
TIA in China.

Methods

Study design and participants
Data were derived from the Third China National Stroke Regis-
try (CNSR-III), a large scale nationwide prospective registry of
acute ischemic cerebrovascular events in China." The CNSR-III
enrolled 15,166 consecutive patients with ischemic stroke and
TIA from 201 hospitals in China between August 2015 and
March 2018."° The primary objectives of the CNSR-IIl were to
establish Chinese ischemic cerebrovascular disease etiology
classification based on standard diagnosis procedures and
identify imaging and biological markers for prognosis of isch-
emic stroke. Patients with acute ischemic stroke or TIA within
7 days from symptoms onset and age older than 18 were en-
rolled in this study. Acute ischemic stroke was diagnosed ac-
cording to the World Health Organization criteria” with confir-
mation by brain magnetic resonance imaging (MRI) or com-
puted tomography (CT). The protocol of CNSR-IIl was approved
by the ethics committee of Beijing Tiantan Hospital (KY2015-
001-01) and each participating site. Written informed consent
was obtained from each participant or his/her representative
before data collection. Data are available to researchers on re-
quest for purposes of reproducing the results by directly con-
tacting the corresponding author.

Among all the participating sites, 169 sites had prior experi-
ence in collecting blood samples and imaging data, and agreed
to participate in both the pre-specified biomarker substudy and
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imaging substudy. We only included patients from these 169
sites in this analysis. Patients with missing data for low-density
lipoprotein cholesterol (LDL-C), high-sensitive C-reactive pro-
tein (hsCRP), interleukin-6 (IL-6) or serum creatinine were ex-
cluded from this analysis.

Baseline data collection

Trained investigators (neurologists from participating hospitals)
collected baseline data through face-to-face interviews with
standard operating protocol. Baseline data included demo-
graphics, medical history (prior stroke, coronary heart disease,
hypertension, diabetes mellitus, dyslipidemia, and atrial fibrilla-
tion), smoking and drinking status, prestroke modified Rankin
Scale, National Institutes of Health Stroke Scale (NIHSS) score
at admission, and medication use.

Blood sample collection and laboratory tests

Blood samples were collected within 24 hours of admission
(median time of 55 hours after index event onset). Plasma
specimens were extracted, aliquoted and transported through
cold chain to the central laboratory in Beijing Tiantan Hospital
and stored at -80°C refrigerator until tests were performed
centrally and blindly.

Total cholesterol (TC), triglycerides, high-density lipoprotein
cholesterol (HDL-C), LDL-C, IL-6, lipoprotein-associated phos-
polipase A, (Lp-PLAz), Lp-PLA; activity (Lp-PLA2-A), hsCRP,
monocyte chemoattractant protein-1, and serum creatinine
were measured centrally. Then, non-HDL-C was calculated as
TC-(HDL-C), and remnant lipoprotein cholesterol, correspond-
ing to all cholesterol not found in LDL-C and HDL-C, was cal-
culated as TC-(HDL-C)-(LDL-C)."” Estimated glomerular filtra-
tion rate (eGFR) were calculated using the Chinese modified
equations from Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) with adjusted coefficient of 1.1 for the Asian
population.” An eGFR of <60 mL/min/1.73 m? indicated a re-
duced renal dysfunction."

Imaging data collection

Brain imaging (MRI or CT), at least one vascular assessment for
intracranial and extracranial arteries, and heart examination
were performed at baseline following standard protocols.” Se-
quences of brain MRI examinations included T1 weighted, T2
weighted, fluid-attenuated inversion recovery, diffusion-weight-
ed imaging (DWI) with apparent diffusion coefficient maps, and
magnetic resonance angiography. Imaging data were collected
in Digital Imaging and Communications in Medicine (DICOM)
format on discs and sent to the image research center in Beijing
Tiantan Hospital. All MRI images were read centrally by two
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readers (Z.L. and J.J.) who were blinded to each other and pa-
tients' clinical information. Disagreement was further reviewed
by a third reader (X.M.) and resolved by consensus.

Acute infarction was diagnosed according to the presence of
hyperintense on the DWI and further classified to single acute
infarction (uninterrupted lesions visible in contiguous territo-
ries) and multiple acute infarctions (more than one lesion that
was topographically distinct).* The presence of relevant intra-
cranial artery stenosis (ICAS) was defined as 50% to 99% ste-
nosis or occlusion of at least one of major intracranial artery
segments relevant to the index event according to the Warfa-
rin-Aspirin Symptomatic Intracranial Disease Trial (WASID) cri-
teria.” Based on patient's features combined with the results
of 1 or more of aforementioned diagnostic tests, all patients
were classified according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria:'® large-artery atherosclerosis
(LAA), cardioembolism (CE), small-artery occlusion, other de-
termined cause and undetermined cause.

Patients follow-up and outcomes

Patients were followed up by face-to-face interview at 3 months
and by telephone interview at 6 and 12 months by trained re-
search coordinators based on a standardized interview protocol.
Information collected at each follow-up included cardio-/cere-
brovascular events, all causes of death and medications use.
Vascular events were confirmed from the treating hospital and
death was either confirmed on a death certificate from the at-
tended hospital or the local citizen registry.

The primary outcome was a new stroke defined as an aggra-
vated primary neurologic deficit (NIHSS score increased by
4 points or above), a new neurological deficit lasting more
than 24 hours or re-hospitalization with a diagnosis of isch-
emic stroke, intracerebral hemorrhage, or subarachnoid hemor-
rhage.” The secondary outcomes included composite vascular
event (stroke, myocardial infarction, or vascular death) and all
cause death.

Secondary prevention care

Medications use during hospitalization, at discharge and 3-, 6-,
and 12-month follow-up were also recorded. Data regarding
medications during hospitalization and at discharge were col-
lected through medical records and data regarding medications
during follow-up visits were collected by interviews between
site investigators (neurologists) and patients. We used five evi-
dence-based interventions' to document the performance of
secondary prevention care of ischemic cerebrovascular event
for each patient. It includes (1) antithrombotic treatment for
patients who had no contraindications; (2) statins use for pa-
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tients with dyslipidemia or LDL-C >100 mg/dL who had no
contraindications; (3) antihypertensive agents use for patients
with hypertension who had no contraindications; (4) antidia-
betic agents use for patients with diabetes mellitus who had
no contraindications; and (5) anticoagulant agents use for
atrial fibrillation who had no contraindications. Adherence to
guideline-based secondary stroke prevention was expressed as
an all-or-none measure and defined as proportion of patients
who persistently received all of the five-performance measures
at all visits (during hospitalization, at discharge, at 3, 6, and 12
months) for which the patient was eligible.?

Statistical analysis
Administration of each and total secondary prevention care
performance measures at each visit were calculated and pre-
sented as proportion. Baseline variables were presented as me-
dian with interquartile range (IQR) for continuous variables
and percentages for categorical variables. Baseline variables
between patients included in and excluded from this analysis,
and those with and without recurrent stroke were compared
by using Wilcoxon rank sum test for continuous variables, and
chi-square test for categorical variables, respectively. Balance
of baseline characteristics between patients with and without
adherence to guideline-based secondary stroke prevention was
checked using the absolute standardized difference. An abso-
lute standardized difference greater than 0.10 is approximately
equivalent to P<0.05 and indicates significant imbalance of a
baseline covariate between groups.™

The associations between adherence to guideline-based sec-
ondary stroke prevention and outcomes were assessed using
usual univariable and multivariable Cox proportional hazards
model for outcomes of stroke, composite vascular event and
death. Age, sex, and all the covariates with an absolute stan-
dardized difference greater than 0.10 in the univariable analyses
were adjusted in the multivariable models, including hyperten-
sion, diabetes, atrial fibrillation, TC, LDL-C, non-HDL-C, and
stroke etiology. The proportional hazards assumption for the
Cox model was tested by adding a time-dependent covariate
with interaction of group and a logarithmic function of survival
time in the model. We further used the Fine and Gray regression
model for a subdistribution function treating non-stroke/non-
vascular death as a competing event.”” In sensitivity analysis,
the associations were further assessed using a propensity score
approach with inverse probability of treatment weighted esti-
mation. The propensity score for adherence to guideline-based
secondary prevention was generated for each patient regardless
of the outcome by using a nonparsimonious multivariable logis-
tic regression model with all covariates in Table 1 included in
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Stroke etiology

0.002

2,306 (25.9)
559 (6.3)
2,065 (23.2)
3,985 (44.7)

2,297 (25.8)

0.018

830 (26.4)

113 (3.6)

779 (24.8)
1,424 (45.3)

1,503 (25.6)
448 (7.6)
1,284 (21.9)
2,641 (44.9)

2,333 (25.9)

Large-artery atherosclerosis

0.004

555 (6.2)
2,046 (23.0)

0.175
0.069

561 (6.2)
2,063 (22.9)

4,065 (45.1)

Values are presented as median (interquartile range) or number (%).

Cardioembolism

0.005

Small-artery occlusion

Others

0.006

4,007 (45.0)

0.008

ASD, absolute standardized difference; mRS, modified Rankin Scale; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipopro-

tein cholesterol; HDL-C, high-density lipoprotein cholesterol; RemnantC, remnant lipoprotein cholesterol; hsCRP, high-sensitive C-reactive protein; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1;

Lp-PLA:-A, lipoprotein-associated phospolipase A; activity; Lp-PLA,, lipoprotein-associated phospolipase Az; eGFR, estimated glomerular filtration rate; ICAS, intracranial artery stenosis.
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the model. Inverse probability of treatment weighted estimation
was then defined as the inverse of the estimated propensity
score for patients with adherence to guideline-based secondary
stroke prevention and the inverse of one minus the estimated
propensity score for those without adherence to guideline-
based secondary stroke prevention.”® Hazard ratios (HRs) with
their 95% confidence intervals (Cls) were calculated.

Risks of recurrent stroke at 12 months were calculated in
total population (indicating risk under current clinical practice)
and those with adherence to guideline-based secondary stroke
prevention (indicating residual risk under adherence to guide-
line-based secondary stroke prevention) in all patients and
each etiological subtype, respectively. Receiver operating char-
acteristic (ROC) cure analysis was used to identify the cut-off
point of IL-6 for recurrent stroke. Independent risk factors of
residual risk for 12-month recurrent stroke were determined
using multivariable Cox regression in patients with adherence
to guideline-based standard secondary prevention. All the co-
variates with P<0.05 in the univariable analysis were included
in the model and selected with stepwise method. Based on the
results of multivariable regression, residual risk of recurrent
stroke was further estimated in a hypothetical scenario with
anti-inflammatory therapy and treatment for ICAS in popula-
tion with adherence to guideline-based secondary stroke pre-
vention using the data of population without these two risk
factors. We presented the time to first new stroke in different
scenarios by the Kaplan-Meier curves.

To assess the contribution of each risk factor to the residual
risk of new stroke, attributable risk percent (ARP) (1) and popu-
lation attributable risk percent (PARP) (2) were calculated as
follows:”'

ARP = (e - lo)/le x 100%, (1)

PARP = (It - lo)/l: x 100%, (2)

l; denotes rate of new stroke in the total population; Iy is rate
of new stroke in population without the risk factor; I is rate of
new stroke in population with the risk factor.

All analyses were conducted with SAS software version 9.4
(SAS Institute Inc, Cary, NC, USA). P-values less than 0.05 were
considered statistically significant and all tests were 2-sided.

Results

Study participants and characteristics

A total of 9,733 patients with ischemic stroke or TIA in 169
sites participated in both the biomarker and imaging substud-
ies. After further exclusion of 711 patients with missing data of
laboratory tests or lost to follow-up at 12 months, a total of
9,022 patients with ischemic stroke or TIA were included in
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| 15,166 Ischemic stroke or TIA patients in 201 sites in CNSR-III

5,433 Patients in 32 sites excluded
3,905 Not included in biomarker substudy
2,154 Not included in imaging substudy

9,733 Patients in 169 sites having blood sample and MRI

711 Patients excluded
65 (0.7%) With missing data of LDL-C
315 (3.2%) With missing data of hsCRP
| 191 (2.0%) With missing data of IL-6
8 (0.19%) With missing data of serum creatinine
227 (2.3%) Lost to follow-up at 12 months

v

9,022 Ischemic stroke or TIA patients in this analysis

Flow chart of study population. TIA, transient ischemic attack;
CNSR-III, Third China National Stroke Registry; MRI, magnetic resonance
imaging; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitive
C-reactive protein; IL-6, interleukin-6.

this analysis (Figure 1). Patients included in and those excluded
from this analysis were largely comparable (Supplementary Ta-
ble 1). Among these patients, 2,862 (31.7%) were female and
the median age was 63.0 years (IQR, 55.0 to 70.0); 8,424
(93.4%) patients had an index event of ischemic stroke and
598 (6.6%) patients had TIA (Table 1). The median of NIHSS
score at admission was 3 (IQR, 1 to 6).

Administration of secondary prevention
medication

Among all the eligible patients, there were 97.4%, 96.8%,
80.4%, 60.4%, and 28.6% patients received the antithrombotic
treatment, statin, antidiabetic, antihypertensive, and anticoag-
ulant agents during hospitalization, respectively (Supplemen-
tary Figure 1). Administration of these secondary prevention
medications at discharge and at 3, 6, and 12 months were al-
most similar to that during hospitalization, but a little lower
for antithrombotic treatment, statin, and antidiabetic treat-
ment and a little higher for antihypertensive and anticoagulant
treatment (Supplementary Figure 1). There were 61.0%, 62.3%,
59.3%, 58.1%, and 54.4% patients adherent to all the five per-
formance measures at each visit (during hospitalization, at dis-
charge, at 3, 6, and 12 months), respectively.

Among all patients, there were 3,146 (34.9%) patients with
adherence to guideline-based secondary stroke prevention (re-
ceived all the five performance measures at all visits). Com-
pared with those without adherence, patients with adherence
to guideline-based secondary stroke prevention were younger,
less likely to have medical histories (hypertension, diabetes,
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atrial fibrillation) and CE etiological subtype, had lower level of
TC, LDL-C, and non-HDL-C (Table 1).

Residual risk of recurrent stroke and risk factors
Among all the 9,022 patients, 864 (9.6%) and 912 (10.1%)
patients had recurrent stroke and composite vascular event at
12 months, respectively. Compared with those without adher-
ence, patients with adherence to guideline-based secondary
stroke prevention had lower rate of new stroke (8.3% vs.
10.2%; adjusted hazard ratio [aHR], 0.85; 95% Cl, 0.74 to
0.99; P=0.04) and composite vascular event (8.7% vs. 10.9%;
aHR, 0.85; 95% Cl, 0.74 to 0.98; P=0.03) at 12 months (Table
2 and Figure 2). All of the proportional hazard assumptions
were met (P=0.16 for new stroke and P=0.10 for composite
vascular event). Similar results were observed using compet-
ing-risks models and propensity score approaches with inverse
probability of treatment weighted estimation (Table 2). Fur-
ther analysis showed that adherence to guideline-based sec-
ondary prevention care mainly reduced the residual risks in
LAA subtype (Supplementary Table 2).

Among patients with adherence to guideline-based second-
ary stroke prevention, those with recurrent stroke at 12 months
were more likely to be female, have history of stroke and dia-
betes, multiple infarctions, relevant ICAS and LAA etiological
subtype, higher level of hsCRP and IL-6, but less likely to be
current smoking (Supplementary Table 3). In the multivariable
regression model, female, history of stroke, higher IL-6 level,
and relevant ICAS were independent risk factors of residual risk
of 12-month new stroke (Table 3).

Higher IL-6 level (defined by cut-off values of >5.63 ng/L de-
rived from the ROC analysis) and relevant ICAS attributed to
11.2% and 14.6% of the total population residual risk respec-
tively, and together contributed to 17.6%. Residual risk of
12-month recurrent stroke was estimated to be 6.9% in hypo-
thetical scenario with further anti-inflammatory therapy and
treatment for ICAS estimated using data of subgroup patients
without these two risk factors in population with adherence to
guideline-based secondary stroke prevention (Figure 2 and
Supplementary Table 2).

Discussion

In the nationwide, multicenter, prospective registry in China,
we found that although substantially reduced by secondary
prevention treatment, there was still 8.3% residual risk of
12-month recurrent stroke even in patients with persistent ad-
herence to guideline-based secondary stroke prevention. Fe-
male, history of stroke, higher IL-6 level, and relevant ICAS
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were independent risk factors of the residual risk. Hypothetical
anti-inflammatory therapy and treatment for ICAS may be as-
sociated with further reduction of approximately 17% of the
residual risk in population with adherence to guideline-based
secondary stroke prevention.

The residual risk of recurrent stroke in patients under guide-
line-based secondary prevention management has not been
well-estimated and varied ranging from approximately 6% to
14% at 12 months.*>* Differences in patient characteristics,
severity of stroke, intensity of secondary prevention manage-
ment, different ethnicities, and setting of studies may contrib-
ute to the heterogeneity of these estimates. Our study observed
8.3% residual risk of 12-month recurrent stroke despite ad-
ministration of these evidence-based therapies in a nationwide,
prospective registry in China. Future research may focus on

Outcomes at 12 months in patients with or without adherence to guideline-based secondary prevention

Outcomes at \_Nithout adherence to _ W_ith adherence to
3 months Model gwdellne—baseq secondary gwdelme—baseq secondary HR (95% Cl) 2
prevention prevention
Stroke Univariable Cox regression 602 (10.2) 262 (8.3) 0.81 (0.70-0.93) 0.003
Multivariable Cox regression® 0.85 (0.74-0.99) 0.037
IPTW Cox regression 0.84(0.76-092)  <0.001
Univariable competing-risks model 0.80 (0.68-0.93) 0.004
Multivariable competing-risks model* 0.85 (0.72-0.99) 0.036
IPTW competing-risks model 0.80 (0.68-0.93) 0.004
Composite vascular Univariable Cox regression 639 (10.9) 273 (8.7) 0.79 (0.69-0.91) 0.001
event' Multivariable Cox regression” 0.85 (0.74-0.98) 0.027
IPTW Cox regression 0.83 (0.75-091)  <0.001
Univariable competing-risks model 0.76 (0.66-0.88)  <0.001
Multivariable competing-risks model* 0.82 (0.71-0.95) 0.010
IPTW competing-risks model 0.76 (0.66-0.89)  <0.001
Death Univariable Cox regression 224 (3.8) 68(2.2) 0.56 (0.43-0.74)  <0.001
Multivariable Cox regression 0.69 (0.52-0.91) 0.009
IPTW Cox regression 0.66 (0.55-0.78)  <0.001

Values are presented as number (%).

HR, hazard ratio; Cl, confidence interval; IPTW, inverse probability of treatment weighted.
*Adjusted for age, sex, hypertension, diabetes, atrial fibrillation, triglyceride, low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, and
stroke etiology; fComposite vascular event was defined as a new stroke, myocardial infarction or vascular death.

Independent risk factors of residual risk of 12-month recurrent stroke

Characteristic aHR (95% Cl) P I (%) lo (no/No) le (ne/Ne) ARP (%) PARP (%)
Female sex 146 (1.14-1.87) 0.003 833 7.32 (158/2,158)  10.53 (104/988) 305 121
History of stroke ~ 1.39 (1.06-1.83) 0.019 8.33 7.71 (193/2,502)  10.71 (69/644) 28.0 7.4
IL-6 >5.63 ng/L 1.65 (1.26-2.16) <0.001 8.33 7.40 (186/2,515)  12.04 (76/631) 385 1.2
Relevant ICAS 1.57 (1.22-2.02) <0.001 8.33 7.11(162/2,277)  11.51 (100/869) 382 146

aHR, adjusted hazard ratio; Cl, confidence interval; Iy, rate of new stroke in the total population; lo, rate of new stroke in population without the risk factor; I,
rate of new stroke in population with the risk factor; ARP, attributable risk percent; PARP, population attributable risk percent; IL-6, interleukin-6; ICAS, intra-

cranial artery stenosis.
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identification of non-traditional risk factors and specific effec-
tive strategies to further reduce the residual risk in patents un-
der guideline-based secondary prevention management.

Recent studies demonstrated that chronic inflammation was
an independent predictor of vascular events both in primary
and secondary prevention setting.?**” In population-based
studies, elevated IL-6 was found to be associated with subclin-
ical atherosclerosis and incident stroke.?** Other previous
studies demonstrated that patients with elevated hsCRP had
an increased risk of recurrent stroke.?’ Although anti-inflam-
matory therapy with canakinumab can reduce the rate of re-
current cardiovascular events in patients with myocardial in-
farction in the Canakinumab Anti-inflammatory Thrombosis
Outcome Study (CANTOS) trial,*® well-designed randomized
trial of anti-inflammatory therapy in patients with ischemic
stroke has not yet been performed. Our study showed that in-
flammation was an independent risk factor of recurrent stroke
even in patients under guideline-based secondary prevention
medications, emphasizing that anti-inflammatory therapy
might be considered in secondary prevention clinical practice.
Therefore, randomized trials estimating the effect of anti-in-
flammatory therapy in patients with ischemic stroke should be
performed in future.

A previous study showed a high prevalence (46.6%; relevant
or not) of ICAS in patients with cerebrovascular disease and it
was an independent predictor for recurrent stroke.” Despite its
heavy burden, there is no specific treatment for ICAS. The
Stenting and Aggressive Medical Management for Preventing
Recurrent stroke in Intracranial Stenosis (SAMMPRIS) trial
demonstrated benefit of aggressive medical management over
stenting in high-risk patients with ICAS.* Qur study showed
that even with persistent adherence to guideline-based sec-
ondary prevention medications, relevant ICAS was still an im-
portant independent risk factor of the residual risk, indicating
that more aggressive intervention should be developed to treat
this risk factor.

This study has several limitations. First, although secondary
prevention medications were administrated in each visit,
whether secondary prevention goals (blood pressure, glucose,
and lipoprotein lowing, etc.) were achieved was not assessed,
thus leading to a potential misclassification of patients. Insuf-
ficient control of the risk factors in the real world may lead to
overestimate the residual risk. Second, patients with adherence
to guideline-based secondary stroke prevention had less vascu-
lar risk factors than those without adherence, which may cause
underestimate the residual risk. Third, residual risk in hypothet-
ical scenario with treatment for inflammation and ICAS was
estimated using the data of population without these two risk
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factors. This may be different from the real effect of the treat-
ments. Fourth, high level of inflammatory markers like hsCRP
and IL-6 may increase due to stress response to the acute
events and not reflect chronic inflammation. Fifth, medications
during follow-up visits were collected by interviews between
neurologists and patients. Patients' false recall and their little
understanding of the medication may attenuate recorded in-
formation’s validity. Finally, the external generalizability of our
findings is limited as participants were restricted to Chinese
patients. Selection bias may also exist as the low proportion of
atrial fibrillation (7.0% in CNSR-III vs. 9.6% in CNSR-II*") and
rate of death (3.2% in CNSR-IIl vs. 8.4% in CNSR-II*") were
observed in this population. Further validation was required in
other populations or settings.

Conclusions

In patients with ischemic stroke or TIA and persistent adher-
ence to guideline-based secondary stroke prevention, there
was still a substantial residual risk of 12-month recurrent
stroke. Female, history of stroke, inflammation, and relevant
ICAS were independent risk factors of the residual risk. Future
research should focus on efforts to reduce the residual risk tar-
geting these non-traditional risk factors.
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Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2020.03391.
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Baseline characteristics of patients included in and excluded from this analysis

JoS

Characteristic Excluded (n=711) Included (n=9,022) P
Age (yr) 62.0 (54.0-70.0) 63.0 (55.0-70.0) 0.538
Female sex 195 (27.4) 2,862 (31.7) 0.018
Body mass index (kg/m?) 24.5 (22.6-26.4) 24.5 (22.6-26.6) 0.720
Current smoking 257 (36.1) 2,831 (31.4) 0.009
Regular drinking 112 (15.8) 1,271 (14.1) 0.221
Medical history
Prior stroke 128 (18.0) 2,035 (22.6) 0.005
Coronary artery disease 84 (11.8) 932 (10.3) 0.213
Hypertension 453 (63.7) 5,673 (62.9) 0.658
Diabetes 153 (21.5) 2,136 (23.7) 0.192
Dyslipidemia 54 (7.6) 753 (8.3) 0.484
Atrial fibrillation 50 (7.0) 629 (7.0) 0.951
Prestroke mRS 2-5 67 (9.4) 788 (8.7) 0.532
Index event 0.139
TIA 37 (5.2) 598 (6.6)
Ischemic stroke 674 (94.8) 8,424 (93.4)
NIHSS at admission 3.0 (2.0-6.0) 3.0(1.0-6.0) 0.003
Stroke etiology 0.432
Large-artery atherosclerosis 204 (28.7) 2,333 (25.9)
Cardioembolism 43 (6.0) 561 (6.2)
Small-artery occlusion 156 (21.9) 2,063 (22.9)
Others 308 (43.3) 4,065 (45.1)
Values are presented as median (interquartile range) or number (%).
mRS, modified Rankin Scale; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale.
Risk for 12-month recurrent stroke according to etiological subtypes
Scenarios Total LAA CE SAO Others
Current clinical practice 864/9,022 (9.6) 290/2,333 (12.4) 68/561 (12.1) 143/2,063 (6.9) 363/4,065 (8.9)

With adherence to guideline-based secondary stroke
prevention

Without adherence to guideline-based secondary stroke
prevention

Hypothetical scenario with further anti-inflammatory
therapy and treatment for ICAS

262/3,146 (8.3)

602/5,876 (10.2)

128/1,866 (6.9)

92/830 (11.1)

198/1,503 (13.2)

14/113 (12.4) 47[779 (6.0)
54/448 (12.1)

11/77 (14.3) 36/662 (5.4)

96/1,284 (7.5)

109/1,424 (7.7)

81/1,127 (7.2)

254/2,641 (9.6)

Values are presented as number (%).

LAA, large-artery atherosclerosis; CE, cardioembolism; SAO, small-artery occlusion; ICAS, intracranial artery stenosis.
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Baseline characteristics of patients with adherence to guideline-based secondary stroke prevention according to 12-month recur-

Recurrent stroke

Non-recurrent stroke

Characteristic (n=262) (n=2,884) 2
Age (yr) 63.0 (55.0-71.0) 62.0 (53.0-69.0) 0.087
Female sex 104 (39.7) 884 (30.7) 0.003
Body mass index (kg/m?) 24.7 (22.5-27.0) 24.5 (22.5-26.7) 0.493
Current smoking 59 (22.5) 915 (31.7) 0.002
Regular drinking 33(12.6) 361(12.5) 0.971
Medical history
Prior stroke 69 (26.3) 575(19.9) 0.014
Coronary artery disease 27 (10.3) 265 (9.2) 0.551
Hypertension 145 (55.3) 1,554 (53.9) 0.650
Diabetes 66 (25.2) 567 (19.7) 0.033
Dyslipidemia 23(8.8) 226 (7.8) 0.590
Atrial fibrillation 5(1.9) 68 (2.4) 0.644
Prestroke mRS 2-5 27 (10.3) 209 (7.2) 0.072
Index event 0.047
TIA 10 (3.8) 203 (7.0)
Ischemic stroke 252 (96.2) 2,681 (93.0)
NIHSS at admission 3(2-6) 3(1-6) 0.304
Laboratory tests
TG (mmol/L) 1.28 (0.97-1.78) 1.38 (1.04-1.86) 0.058
TC (mmol/L) 3.88 (3.15-4.59) 3.87 (3.28-4.64) 0.544
LDL-C (mmol/L) 2.19 (1.65-2.85) 2.25(1.69-2.88) 0.476
HDL-C (mmol/L) 1.08 (0.90-1.26) 1.08 (0.91-1.28) 0.626
Non-HDL-C (mmol/L) 2.82 (2.11-3.43) 2.80 (2.20-3.46) 0.674
RemnantC (mmol/L) 0.46 (0.24-0.73) 0.48 (0.23-0.77) 0.639
hsCRP (mg/L) 2.22 (0.94-5.77) 1.57 (0.76-3.99) <0.001
IL-6 (ng/L) 2.96 (1.75-6.14) 2.52 (1.56-4.67) 0.001
MCP-1 (ng/L) 259.1 (201.1-349.0) 257.3 (201.9-334.2) 0.992
Lp-PLA2-A (nmol/min/mL) 163.6 (130.6-199.2) 160.4 (127.6-193.1) 0.303
Lp-PLA2-Mass (ng/mL) 172.6 (122.9-218.8) 170.5 (125.4-219.0) 0.994
eGFR <60 mL/min/1.73 m? 21(8.0) 184 (6.4) 0.305
Infarction pattern 0.02
No infarction 28 (10.7) 413 (14.3)
Single infarction 108 (41.2) 1,326 (46.0)
Multiple infarctions 126 (48.1) 1,145 (39.7)
Relevant ICAS 100 (38.2) 769 (26.7) <0.001
Stroke etiology <0.001
Large-artery atherosclerosis 92 (35.1) 738 (25.6)
Cardioembolism 14 (5.3) 99 (3.4)
Small-artery occlusion 47 (17.9) 732 (25.4)
Others 109 (41.6) 1,315 (45.6)

Values are presented as median (interquartile range) or number (%).

mRS, modified Rankin Scale; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale; TG, triglyceride; TC, total cholesterol; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; RemnantC, remnant lipoprotein cholesterol; hsCRP, high-sensitive C-reactive
protein; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; Lp-PLA2-A, lipoprotein-associated phospolipase A2 activity; Lp-PLA2, lipoprotein-
associated phospolipase A2; eGFR, estimated glomerular filtration rate; ICAS, intracranial artery stenosis.
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Supplementary Figure 1. Administration of secondary prevention medications for ischemic stroke and transient ischemic attack.
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