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Abstract

Objective: Contribution of individual and combined inflammatory markers in prognosis after stroke was still unde-
fined. We aimed to investigate the association of systemic and local vascular inflammatory markers and recurrent
stroke as well as impact on poor functional outcome.

Methods: In this pre-specified substudy of the Third China National Stroke Registry (CNSR-IIl), 10,472 consecutive
acute ischemic stroke or TIA patients with available centralized-measured levels of Interleukin-6 (IL-6), high sensitive
C-reactive protein (hsCRP), IL-1 receptor antagonist (IL-1Ra), lipoprotein-associated phospholipase A, mass (Lp-PLA,)
and activity (Lp-PLA,-A), and YKL-40 from 171 sites were enrolled. The primary outcomes consisted of stroke recur-
rence and poor functional outcome defined as modified Rankin Scale (mRS) score of 2—6 within 1 year.

Results: There were 1026 (9.8%) and 2395 (23.4%) patients with recurrent stroke and poor functional outcome within
1 year. The highest quartiles of IL-6 (adjusted HR, 1.36; 95% Cl 1.13-1.64; P=0.001), hsCRP (adjusted HR, 1.41; 95% Cl
1.17-1.69; P=0.0003) and YKL-40 (adjusted HR, 1.28; 95% Cl 1.06-1.56; P=0.01) were associated with increased risk

of recurrent stroke; and the highest quartiles of IL-6 (adjusted OR 1.93; 95% Cl 1.64-2.27, P<0.0001), IL.-1Ra (adjusted
OR 1.60; 95% ClI 1.37-1.87; P<0.0001), hsCRP (adjusted OR 1.60; 95% Cl 1.37-1.86; P<0.0001) and YKL-40 (adjusted

OR 1.21;95% ClI 1.03-1.42; P=10.02) were correlated with increased risk of poor functional outcome. In the multi-
variate stepwise regression analysis including all markers with backward selection, elevated levels of IL-6 or YKL-40
were associated with recurrent stroke (IL6: OR, 1.34; 95% Cl 1.19-1.52; P<0.0001; YKL-40: OR, 1.01; 95% Cl 1.01-1.03;
P=0.004) and poor functional outcome (IL6: OR, 1.68; 95% Cl 1.46—-1.93; P<0.0001; YKL-40: OR, 1.02; 95% CI 1.01-1.03;
P=0.0001). Adding IL-6 and YKL-40 significantly increased the area under the receiver operating characteristic curves
for the prediction models of Essen Stroke Risk Score (0.03, P<0.0001) and Totaled Health Risks in Vascular Events Score
(0.07, P<0.0001), and yielded continuous net reclassification improvement (19.0%, P<0.0001; 33.0, P<0.0001).
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Conclusions: In the patients with ischemic stroke or TIA, IL.-6 and YKL-40 were independently associated with recur-
rent stroke and poor functional outcome, and improved risk classification of clinical risk algorithms.

Keywords: Cerebrovascular disease, Inflammation, Biomarker, Recurrence, Disability, Mortality

Background

Despite widespread use of existing secondary pre-
vention therapy, substantial residual risk of recurrent
ischemic events after stroke persisted, varying from
approximately 25-30% at 5 years [1]. Traditional risk
factors do not explain all epidemiologic features of
ischemic vascular event, and there is an urgent need
for unraveling new therapeutic targets to reduce the
residual risk [2].

Inflammation has been pinpointed as a key regula-
tory process that links multiple risk factors for ischemic
stroke. Some previous epidemiology studies showed that
the markers for systemic inflammation, such as interleu-
kin-6 (IL-6), [3] IL-1 receptor antagonist (IL-1Ra) [4, 5]
and high sensitive C-reactive protein (hsCRP), [6] and
local vascular inflammation produced in atherosclerotic
lesions, such as lipoprotein-associated phospholipase A,
mass (Lp-PLA,) and activity (Lp-PLA,-A) [7] and YKL-
40 [8, 9] were associated with first or subsequent stroke
or functional outcome. This revolution in the thinking
about the pathophysiology of atherosclerosis has begun
to provide clinical insight and aid patient management,
which has been verified in recent randomized trials
showing the cardiovascular benefits with anti-inflamma-
tory treatment targeting IL-1 to IL-6 to hsCRP pathways
in the patients with coronary disease [10—12].

However, questions remained, such as the role of IL-
1Ra and YKL-40 in recurrent stroke was unclear and
controversy still existed regarding the prognostic role
of hsCRP, Lp-PLA, and Lp-PLA,-A in recurrent stroke
[13-16]. Moreover, current guidelines do not yet rec-
ommend routine measurement of inflammatory mark-
ers for risk prediction after stroke, and there is limited
data regarding the contribution of combined athero-
sclerotic inflammatory markers in recurrence after
stroke [16, 17].

The Third China National Stroke Registry (CNSR-
III) included patients with acute ischemic stroke and
transient ischemic attack (TIA) aiming to identify
the biological markers for the prognosis and facilitate
early evaluation and identification of patients at high
risk [18]. In particular, we sought to investigate the
contribution of individual and combined atheroscle-
rotic inflammatory markers in recurrent stroke and
functional outcome in this biomarker substudy of the
CNSR-IIL

Methods

Study design and participants

The design of the CNSR-III has been described in detail
previously [18]. In brief, the CNSR-III was a nationwide
prospective registry for patients with acute ischemic
stroke and TIA presented to hospitals between August
2015 and March 2018 in China. A total of 201 study sites
were included from 22 provinces and 4 municipalities.
In the pre-specified biomarker substudy of the CNSR-
111, fasting blood samples were collected within 24 h of
admission from 171 (85%) voluntary study sites. Partici-
pants were consecutively recruited if meeting the follow-
ing criteria: (1) age > 18 years; (2) diagnosis within 7 days
of ischemic stroke and TIA; (3) informed consent from
participant or legally authorized representative. The
CNSR-III was approved by ethics committee at Beijing
Tiantan Hospital and all participating centers.

Baseline data collection

Trained research coordinators at each site collected
information of age, prestroke modified Rankin Scale
(mRS) score and National Institutes of Health Stroke
Scale (NIHSS) score through a direct interview at admis-
sion, and baseline data from medical records, includ-
ing sex, body mass index (BMI, the weight in kilograms
divided by the square of the height in meters), cigarette
smoking, medical history of hypertension, diabetes,
hypercholesterolemia, ischemic stroke and coronary
heart disease, and laboratory test of leukocyte counts.
The TOAST (Trial of ORG 10,172 in Acute Stroke Treat-
ment) criteria were used for centralized etiology classifi-
cation of ischemic stroke [19, 20].

Sample collection and measurements of markers

The median time of sampling was 55 h (interquar-
tile range: 27-96 h) after index event onset. Specimens
were extracted, aliquoted and transported through cold
chain to the core laboratory in Beijing Tiantan Hospital.
All specimens were stored at— 80 °C until assays were
performed centrally and blindly. The concentrations of
IL-6, IL-1Ra, Lp-PLA, and YKL-40 were determined by
using enzyme-linked immunosorbent assay kits (cata-
logue number: PHS600C for IL-6, PDRAOQOB for IL-1Ra,
DPLG70 for Lp-PLA, and DC3L10 for YKL-40, R&D
Systems, Inc, Minneapolis, MN, USA). Lp-PLA,-A was
measured with an automatic enzyme assay system on a
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Hitachi 7600 analyzer (PLAC test for Lp-PLA,-A, Dia-
zyme Laboratories, Inc., Poway, CA), and hsCRP and
LDL-C were detected on Roche Cobas C501 and C702
analyzers, respectively.

Follow-up and outcomes

The detailed follow-up procedure of the CNSR-III has
been previously described [18]. In brief, participants
were followed up by face-to-face or telephone interview
at 3 months and 1-5 year annually by trained research
personnel, collecting information of any death, stroke
recurrence and cardiovascular events, and assessing
patient’s modified Rankin Scale (mRS) score ranging
from 0 (no symptoms) to 6 (death) during the follow-
up period. Confirmation of stroke was sought from the
treating hospital, and suspected recurrent stroke with-
out hospitalization was judged by independent endpoint
judgment committee. Fatality was either confirmed on a
death certificate from the attended hospital or the local
citizen registry.

The primary outcomes consisted of stroke recurrence
(ischemic or hemorrhagic) and poor functional outcome
defined as an mRS score of 2—6 within 1 year. Outcome
of dependence or death defined as an mRS score of 3—-6
within 1 year was also assessed in the sensitivity analysis.
The secondary outcomes included composite vascular
events (ischemic stroke, hemorrhagic stroke, myocardial
infarction, or cardiovascular death).

Statistical analysis

Distribution of all markers were skewed based on Kol-
mogorov—Smirnov tests. Categorical variables were
presented as percentages and continuous variables as
medians with interquartile ranges. Baseline character-
istics were analyzed by Chi-square statistics for the cat-
egorical variables and Kruskal-Wallis test for the skewed
continuous and ordinal variables.

Each marker was assessed as continuous variable after
logarithm transformation or according to quartiles as
follows: IL-6: quartile 1 (Q1): <1.6 ng/L; quartile 2 (Q2):
1.6-2.6 ng/L; quartile 3 (Q3): 2.6-5.1 ng/L; quartile 4
(Q4):>5.1 ng/L; IL-1Ra: Q1:<254.6 ng/L; Q2: 254.6—
3413 ng/L; Q3: 341.3-497.8 ng/L; Q4:>497.8 ng/L;
hsCRP: Q1:<0.8 mg/L; Q2: 0.8-1.8 mg/L; Q3: 1.8—
4.7 mg/L; Q4:>4.7 mg/L; Lp-PLA,: Q1: <127.6 ug/L; Q2:
127.6 to 175.0 pg/L; Q3: 175.0-225.1 ug/L; Q4:>225.1
ug/L; Lp-PLA,-A: Q1:<128.0 nmol/min/ml; Q2: 128.0
to 162.2 nmol/min/ml; Q3: 162.2 to 194.6 nmol/min/ml;
Q4:>194.6 nmol/min/ml; YKL-40: Q1: <38.1 mg/L; Q2:
38.1-65.3 mg/L, Q3: 65.3-123.3 mg/L, Q4:>123.3 mg/L.
Patients were classified into 4 groups according to medi-
ans of IL-6 and YKL-40 when analyzing the effect of
combined markers on outcomes.
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We evaluated the associations between outcomes and
individual or combined markers with the use of crude
and multivariate Cox proportional hazards models or
logistic regression models. The Kaplan—Meier survival
curves were applied to depict the occurrence of recurrent
stroke and analyzed using the log-rank univariate tests.
We further evaluated the pattern and magnitude of cor-
relation between each marker on a continuous scale and
risk of stroke recurrence using multivariable Cox regres-
sion models with restricted cubic splines. Ordinal logis-
tic regression was also applied to estimate the common
odds ratio for a shift in the direction of a worse outcome
on the mRS score according to marker levels. Taking into
account the interactive nature of explanatory inflamma-
tory markers, multivariate stepwise logistic regression
analysis was further used to analyze the data until the
model contained only significant terms. The potential
confounders were demographic factors, prior published
traditional or clinical risk factors, index event and medi-
cations used during follow-up period. The unadjusted
and adjusted hazard ratios (HRs), Odd ratios (ORs) or
common ORs and their 95% confidence intervals (Cls)
were calculated.

The receiver-operator curve (ROC) with area under
curve was used. In ischemic stroke patients, Essen Stroke
Risk Score [21, 22] was developed to identify patients at
highest risk of subsequent vascular event and the Totaled
Health Risks in Vascular Events Score [23] was useful to
predict the functional outcome and mortality. We there-
fore calculate the c-statistics and net reclassification
index to evaluate improvement in risk classification by
inflammatory markers over these clinical risk scores.

A 2-sided P value of<0.05 was considered to indicate
statistical significance. SAS software, version 9.4 (SAS
Institute, Inc, Cary, NC) was used for all statistical analy-
ses. Data were analyzed on April, 2020.

Result

Patient characteristics

A total of 10,472 consecutive patients with available levels
of inflammatory markers participated in this substudy of
the CNSR-III (Additional file 1: Fig. S1), and 255 patients
were lost within 1 year (follow-up rate 97.6%). The base-
line characteristics were well balanced between patients
included and those not included, except that the patients
enrolled were more likely to have prior ischemic stroke,
diabetes, hypercholesterolemia and atrial fibrillation
(Additional file 1: Table S1). The baseline characteristics
mostly differed according to the marker concentrations
(Table 1 and Additional file 1: Tables S2—S8). Specifically,
patients with elevated levels of both IL-6 and YKL-40
were more likely older, female and non-smokers, and had
lower BMI, higher NIHSS and mRS scores, index event
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Table 1 Distribution of baseline characteristics according to levels of IL-6 and YKL-40
Group 1* Group 2* Group 3* Group 4* P value

Age (year), median (IQR) 57 (50-64) 64 (58-71) 60 (53-67) 69 (61-76) <0.0001
Male, no. (%) 2355(73.7) 1268 (62.1) 1511 (74.0) 2031 (63.6) <0.0001
Body mass index, median (IQR) 24.8 (22.9-26.7) 24.2(22.4-26.3) 24.7 (22.9-26.8) 24.2(223-26.3) <0.0001
Smoking, no. (%) 1534 (48.0) 779 (38.2) 1071 (52.5) 1270 (39.8) <0.0001
Medical history, no. (%)

Ischemic stroke 563 (17.6) 422 (20.7) 422 (20.7) 830 (26.0) <0.0001

Diabetes 725 (22.7) 460 (22.5) 519 (25.4) 806 (25.2) 0.02

Hypertension 1893 (59.3) 1318 (64.6) 1279 (62.7) 2096 (65. 6) <0.0001

Hypercholesterolemia 284 (8.9) 135 (6.6) 174 (8.5) 276 (8.6 0.02

Coronary heart disease 258 (8.1) 189(9.3) 202 (9.9) 486 (15. 2) <0.0001

Atrial fibrillation 97 (3.0) 89 (4.4) 137 (6.7) 430 (13.5) <0.0001
Index event, no. (%)

Ischemic stroke 2896 (90.6) 1872 (91.7) 1934 (94.8) 3051 (95.5) <0.0001

TIA 299 (9.4) 169 (8.3) 107 (5.2) 144 (4.5) <0.0001
Baseline NIHSS, median (IQR) 3(1-5) 3(1-5) 4(2-7) 4(2-7) <0.0001
mRS score before the onset of index 212 (6.6) 161 (7.9) 185 (9.1) 362 (11.3) <0.0001
events > 2, no. (%)
Leukocyte count (x 10%/L), median (IQR) 6.7 (56-8.0) 6.5 (5.4-8.0) 7.3 (6.1-8.9) 7.2 (5.9-8.8) <0.0001

IL-6 interleukin-6, IQR interquartile range, NIHSS National Institutes of Health Stroke Scale, mRS modified Rankin Scale, LDL-C low-density lipoprotein cholesterol

*Patients were classified into 4 groups according to medians of IL-6 (2.6 ng/L) and YKL-40 (65.3 mg/L). Group 1: IL-6 < 2.6 ng/L and YKL-40 < 65.3 mg/L; group2:
IL-6 <2.6 ng/L and YKL-40 > 65.3 mg/L; group 3: IL-6 > 2.6 ng/L and YKL-40 < 65.3 mg/L; group 4: I1L-6 > 2.6 ng/L and YKL-40>65.3 mg/L

of ischemic stroke, higher leukocyte count, and more
likely had histories of ischemic stroke, diabetes, hyper-
tension, coronary heart disease and atrial fibrillation, but
no hypercholesterolemia (Table 1). Median marker levels
by participants’ characteristics are provided in Additional
file 1: Table S1.

Spearman correlation analyses showed that none of the
biomarker levels were strongly correlated (defined as a
Spearman correlation coefficient r*>0.5) with any other
biomarker, except Lp-PLA, and Lp-PLA,-A (*=0.74,
P <0.0001; Additional file 1: Table S10). IL-6 and hsCRP
were moderately correlated (*=0.45, P<0.0001), reflect-
ing similar biological pathways, while the others were
mildly correlated (r*<0.3; Additional file 1: Table S9).

Markers and recurrent vascular events

There were 1026 (9.8%) patients with recurrent stroke
within 1 year. After adjustment for potential confound-
ers, the highest quartiles of IL-6 (adjusted HR 1.36; 95%
CI 1.13-1.64; P=0.001), hsCRP (adjusted HR 1.41; 95%
CI 1.17-1.69; P=0.0003) and YKL-40 (adjusted HR
1.28; 95% CI 1.06—1.56; P=0.01) were associated with
increased risk of recurrent stroke (Table 2 and Addi-
tional file 1: Fig. S2). Similar results were observed when
analyzed in the continuous model (Table 2). In the Cox
regression model with restricted cubic spline, these
associations persisted (Additional file 1: Fig. S3). As for
the outcome of composite vascular event, the highest

quartiles of IL-6, hsCRP and YKL-40 were, respectively,
correlated with 39%, 45% and 32% increased risk after
adjustment (Additional file 1: Table S10). In the multi-
variate stepwise regression analysis with backward selec-
tion, the associations between IL-6 (OR 1.34; 95% CI
1.19-1.52; P<0.0001) or YKL-40 (OR 1.01; 95% CI 1.01-
1.03; P=0.004) and recurrent stroke remained signifi-
cant (Additional file 1: Fig. S4). ROC analysis indicated
that the optimal cut-off values for IL-6 and YKL-40 were
2.77 ng/L and 75.64 mg/L, respectively.

After classifying patients according to the TOAST cri-
teria, the highest quartiles of IL-6 and YKL-40 were asso-
ciated with increased risk of recurrent stroke only in the
patients with large-artery atherosclerosis (IL-6: HR, 1.66;
95% CI 1.21-2.29; P=0.002; YKL-40: HR, 1.81; 95% CI
1.32-2.48; P=0.0002) and small-vessel occlusion (IL-6:
HR 1.67; 95% CI 1.06-2.64; P=0.03; YKL-40: HR 1.84;
95% CI 1.17-2.88; P=0.008) subtypes (Additional file 1:
Table S11). In the multivariate model, such correla-
tion of YKL-40 with recurrent stroke persisted in these
two stroke subtypes (adjusted HR 1.46; 95% CI 1.03—
2.06; P=0.03 and HR, 1.89; 95% CI 1.12-3.18; P=0.02,
respectively), while no statistical significance received for
IL-6 (Additional file 1: Table S11).

Markers and poor functional outcome
A total of 2395 (23.4%) patients had poor functional
outcome within 1 year. The highest quartiles of IL-6
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(adjusted OR 1.93; 95% CI 1.64—2.27; P<0.0001), IL-1Ra
(adjusted OR 1.60; 95% CI 1.37-1.87; P<0.0001), hsCRP
(adjusted OR 1.60; 95% CI 1.37-1.86; P<0.0001) and
YKL-40 (adjusted OR 1.21; 95% CI 1.03-1.42; P=0.02)
were associated with increased risk of poor functional
outcome (Table 3). Similar results were found for the
shifts in the distributions of the mRS scores (Additional
file 1: Fig. S5). In the sensitivity analysis, results were
consistent for the outcome of dependence or death
(mRS > 3) (Additional file 1: Table S12). In the multivari-
ate stepwise regression analysis, among the inflammatory
markers, the associations between IL-6 (OR 1.68; 95%
CI 1.46-1.93; P<0.0001) or YKL-40 (OR 1.02; 95% CI
1.01-1.03; P=0.0001) and poor functional outcome were
maintained (Additional file 1: Fig. $6). ROC analysis indi-
cated that the optimal cut-off values for IL-6 and YKL-40
were 3.22 ng/L and 75.82 mg/L, respectively.

Predictive value of IL-6 in combination with YKL-40

Based on the results of multivariate stepwise regres-
sion analyses, we further assessed the potential gains in
predictive value by combining IL-6 and YKL-40 levels.
Patients with elevated levels of both IL-6 and YKL-40
also had increased risk of recurrent stroke (adjusted HR,
1.37; 95% CI 1.14-1.63; P=0.0007), poor functional out-
come (adjusted OR 1.36; 95% CI 1.17-1.58; P<0.0001)
and dependence or death (adjusted OR 1.91; 95% CI
1.56-2.34; P<0.0001) (Tables 2, 3 and Additional file 1:
Table S12).

Adding IL-6 and YKL-40 significantly increased the
area under the ROC curves for the prediction models
of Essen Stroke Risk Score (0.03, P<0.0001) and Totaled
Health Risks in Vascular Events Score (0.07, P<0.0001),
as well as resulted in continuous net reclassification
index (19.0%, P<0.0001; 33.0, P<0.0001) (Table 4).

Discussion

Instead of focusing on a single inflammatory molecule,
we analyzed multiple atherosclerotic inflammatory bio-
markers in the current large-scaled multicenter and
prospective study, thus providing a comprehensive pic-
ture of systemic and vascular inflammation after stroke.
We found that the predictive value of IL-6 and YKL-40
in recurrent stroke, composite vascular event and poor
functional outcome among the patients with acute
ischemic stroke or TIA was more apparent than that of
hsCRP and Lp-PLA2 mass and activity.

Different mechanisms might exist for these asso-
ciations. As an acute-phase reactant produced by
hepatocytes, IL-6 has a variety of functions, including
propagating the downstream inflammatory response
through initiating the Janus kinase and signal transducer
and activator of transcription signaling pathways, which
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contributes to cerebral damage and exerts compact on
neurological function [24], and activation of endothelial
cells, increased coagulation, and promotion of lympho-
cyte proliferation and differentiation, and IL-6 has been
implicated in progression of atherosclerosis and plaque
instability, which may explain how it impacts the devel-
opment of subsequent stroke [25, 26]. From the point
of view of vascular biology, YKL-40 has been shown to
activate both mitogen-activated protein kinase and phos-
phatidylinositol 3’-kinase, which modulates cell prolif-
eration, survival, migration and adhesion, and reflect
local vascular bed atherosclerotic inflammation, which
consequently might affect the occurrence of vascular
event [27-29]. Among the five stroke subtypes classified
according to TOAST criteria, large-artery atherosclero-
sis and small-vessel occlusion have several risk factors in
common that largely contribute to atherosclerosis. Focal
inflammation and atherosclerosis have been suggested to
be the main pathophysiology of these two subtypes [30].
In our study, we found that the correlations of IL-6 and
YKL-40 with recurrent stroke were more apparent in the
patients with large-artery atherosclerosis and small-ves-
sel occlusion, implying the association between IL-6 and
YKL-40 and atherosclerosis progression, which possibly
lead to stroke recurrence. However, the correlations dis-
appeared for IL-6 after adjusting for confounders. Since
sample size reduced after TOAST classification, insuffi-
cient sample size might be one cause. Further study was
needed to verify our results.

On the other hand, though prior Mendelian rand-
omization studies had found that YKL-40 did not play a
causative role in the development of cardiovascular dis-
ease, [31, 32] these results did not exclude the possibil-
ity that YKL-40 could play a role in disease progression,
even recurrence. Some previous population-based stud-
ies showed that YKL-40 was associated with first stroke,
but not myocardial infarction [8, 33]. Moreover, in a
European population with stable coronary artery disease,
YKL-40 was shown to be associated with composite vas-
cular events, but not cerebrovascular disease after adjust-
ing for other risk factors [34, 35]. These results might
suggest the pathophysiological importance of YKL-40
in susceptible vascular bed, and its role as a biomarker
reflecting plaque development primarily elicited by risk
factor presence in itself, which was consistent with our
findings that comorbidity and presence of risk factors
were more common in the patients with elevated levels of
YKL-40 and YKL-40 predicted recurrence more appar-
ently in the patients with large-artery atherosclerosis.
Our results added evidence regarding the positive role of
YKL-40 in recurrence after ischemic stroke. On the other
hand, it has been shown that YKL-40 could be induced
by the cytokine of IL-1B [36], which might explain the



Page 8 of 12

(2022) 19:131

Li et al. Journal of Neuroinflammation

100 (ozL-zob) LL'L €000 (le-vo et 100 (6l'Ll-zcoL)oL'L 1000 0> W9L-S'1) ¥S'L [9POW snoNURUOD
00 (cri-co) 1Tl £000 (S¥1-90°1) ¥T'L 00 (OF'1-€0'1) 0T’ L 10000 > (197-0070) 6CC (9z€) 8es 0O
810 (L1'1-080) ¥6'0 850 (C1'1-780) 960 810 (L1'Ll-180) 560 1000 0> (lo'l-czl) ol (670 985 €0
1240 (ST1-160) £0°L 170 (T 1-260) L0°L Y0 (EC1-1610)90°L 000 (' 1-60'1) ST'L (600) ££S 0

- ERIIEIEIEY - ERIIEIEIEY - ERIIEIEIEY - ERIEIEIEY (S£1) St 10 (1/6W) 0p-TMA
G50 (CT1-060) SO°L €C0 (LT1-v60)0L°L €C0 (LT1-¥60)60°L 900 (0€'1-6610) ¥L'L [9pOoW snonuRUo)
SC0 (9T 1-¥60) 60°L 0Lo (0€'1-860) €L°L 0L0 (0€'1-860) €L°L 00 (EELl-€0L) £L'L (8'S0) ¥59 0
g0 (80'1-08°0) €60 590 (Cl'Ll-¥80) £60 90 (Cl'Ll-¥80) £60 S6°0 (#1'1-880) 00'L (0€0) 885 €0
120 (EL'1-¥8°0) £60 S0 (E1'1-68'0) 860 690 (Cl'1-¥80) £60 050 (60'1-18°0) 960 (120 £9G 0

- ERIIEIEIEY - ERIIEIEIEY - ERIEIEIEY - ERIEIEIEY (622) 985 10 (wyuiw/jowu) yv-4y1d-d
6%0 (8L'1-€60) ¥O'L 40 (0T'1-56'0) £0°L ¥C0 (0T'1-96°0) £0°L 900 (€T1-001) L [9pOoW snonuRuo)
050 (CT1-1610)S0°L 6C0 (ST'1-¥60)80°L 9C0 (ST'L-¥60)80°L S00 (0€1-00L) ¥L°L (1'S0) 09 0O
190 (LT'1-060) ¥O'L 170 (EC1-260)90°L 9¢0 (€C1-€60) L0°L 170 (0C'1-€60)90°L (£°€0) 609 €0
€0 (EL'L-¥8°0) £60 €0 (E1'1-¥80) 860 /.0 (E1'1-¥80) 860 190 (01'1-68°0) £610 (CT0) ¥95 0

- ERIEIEIEN - ESIEIEIEN - dUIRRY - dUI3RY (822) 78S 10 (1/6M) &y1g-d7
10000 > oTL-LLIL)SLL 10000 > (lel-ziyolt 10000 > (ozL-LLyolt 10000 > (er1-€€1)8eL [9POW SNONURUOGD
1000 0> (98'1-£€1)09'L 1000 0> (l6'L-C¥'L) S9'L 10000 > (£8'1-0¥'1) 791 10000 > (87°€-750) 88T (6'5€) £06 YO
1000 (LS1-LLD)6TL €0000 (€S-l CEL 50000 (1S1-zl'L)og'L 10000 > #8'1-0t'1) 09'L (8'€7) 909 €0
€70 (ST1-160) 0L €70 ¥C1-1610)90°L €70 ¥C'1-1610)90°L 800 (LE'1-860) ¥L°L (1'81) 09 [4e]

- 2DURIRRY - 2DUIRRY - DUIRRY - DUIRRY (€91) cey 10 (1/6W) d4dsy
10000 > (SFl-cTl)eeL 10000 > @10z LEL 10000 > (EFL-LT L) CEL 10000 > (EQL-L¥ 1) LG'L [9POW SNONURUOGD
1000 0> (81-£€1)09'L 1000 0> (81-T€ ) ¥G'L 10000 > (08'L-¥€°1) 6L 10000 > (9g-18'1) £L0T (€'1€) 164 YO
9000 OF1-L01)STL 7000 (SV1=20) vT'L 5000 WY 1=20D) vT'L 10000 > L1-ze) 15l (670 8€9 €0
86'0 (£1'1-98°0) 00°L €60 (£1'1-98°0) LO'L 160 (£1'1=£80)00'L 710 (8T1-£60) LL'L (£61) ¥05 [4e]

- 2DURIRRY - 2DUIRRY - 2DUIRRY - DUIRRY (0'8l) 7ot 10 (1/6u) ey1-]
10000 > (¥ 1-vT L) CEL 10000 > (EV'1-9T 1) ¥E'L 10000 > (LFL-vT L) C€EL 10000 > (cel-€L1) 8L [9POW SNONURUOGD
1000 0> (LTT¥91)€6'L 10000 > (8T7-99'1) S6'L 10000 > (0zz-191) 88l 10000 > (lSP-1v'e) Te'e (0/€) €€6 YO
10000 > (L 1-9T 1) 8L 10000 > (L1-9T) 'L 10000 > 8y L-€T L) vl 10000 > (0ST-£81) 9 (S¥0) 929 €0
L0000 (E9L-LLL) 6E°L €£0000 (8S'L-GL'L) ¥E'L 90000 (SSL-€L L) CEL 10000 > (88'1-6€1) 9L (S61) 00§ [4e]

- ERIEIEIEN - 2DUIRRY - DUIRRY - DUIRRY (0€1) 95€ 10 (1/6u) 97

anjead (1D %S6) 4O anjead (1D %S6) 4O anjead (1D %S6) 4O anjead (1D %S6) 4O
| 19POW s [9POW +Z [9POW JLIBPOW  [(%) “ou] syuang « SI9A3] pue Jxe

1B3A | UIYIIM 7 < 31035 3[e3S UBjURY PRYIPOA B YlM Ob-THA PU 9-] JO UONBUIGUIO JO J33IeW UORRUILBLUI [ENPIAIPUI JO SUONRPOSSY € 3|qel



Page 9 of 12

(2022) 19:131

Li et al. Journal of Neuroinflammation

13K | UIY3IM 3DUBLIND31 3OIS PUE € [3POIN Ul 103384 ||B 104 pRisnipe i [SPOIN

JUBWIE3I} d} PUB T [SPOIN Ul S10128) |[e 404 p3isnipe :¢ [SPON ¢

JUNOD 331A20%N3| BUIISSY PUE SIUSAS XUl JO }SUO dY3 1043 310DS
SHW ‘21035 SSHIN 3ulfaseq ‘elwa|osa1sajoydiadAy pue uoisuaiiadAy ‘sa3agelp ‘{043 JIWaYds] ‘9seasip 1ieay A1euoiod ‘UoNe||LgyY [e11e 4o SDLIOISIY [edlpaw ‘Buiows ‘xapul ssew Apoq ‘xas ‘abe 1o} paisnipe iz [SpoW

paisnfpeun:| |3pop |

an|eA JayJew Jo wyilebo| Jo Juswaidul Jun-1ad 01 puodsaliod solles SPPO 9yl ‘[9POW SNONUIUO dy) U] *s3|iltenb Aq sdnoib uans  0jul paziio6a1ed 219m SI9YIBW ||V«

Auanoe ¢y asedijoydsoyd pajernosse-uiayoidodi| -y 74-d7 “y asedijoydsoyd pajeidosse
-utdyoudodi| €y 74-d7 ‘utaroid anndeal-) dAINSUSS YBiy dyIsy 1siuobelue 103dadal L-unapalul by -7/ ‘9-una4dlul 9-7 ‘y 31uenb £ ‘€ djienb €0 ‘g djuenb zp ‘| 3ji1enb [ ‘s|eAsdiul 9DUSPYUOD |D ‘Ol1el SPPO YO

10000>  (85'1-ZI')9EL  10000>  (Z9'1-¢Z’1)0¥L  10000>  (/S1-8L')9EL  L0000>  (STE-¥ST) 88T (O0€) ¥501 %0
50000 (SSI-€L'L) €L 70000 (SS'L-pL'l) €E°L 50000 (ES1-€U'L)LEL  10000>  (1TZ-L91)T6'L (9'52) 505 €0
€60 (60'1-8£0) 260 ¥E0  (60'1-6£0) €60 870  (80'1-8£0) L60 8000  (C¥1-SO') €C'L (0'81) 65¢ 140
- ERIIEIETEN - ERIIEIETEN - ERIIEIETEN - ERIIEIETEN (TS1) 2Ly 10 OF-TMA+9-11
anead (ID%S6)4O  @njend (ID%S6)HO  @njend (ID%S6)HO  @njead (I %56) 4O
[V [9POW s [PPOW +Z [9POW JLIBPOW  [(%) “ou] syuang « S|9AS] pue s ey

(panunuod) € ajqey



Li et al. Journal of Neuroinflammation (2022) 19:131

Page 10 of 12

Table 4 Reclassification and discrimination statistics for clinical outcomes by adding inflammatory markers of IL-6 and YKL-40 to

clinical risk scores

Outcomes Model AUC NRI,%
Estimate (95% Cl) P value Estimate (95% Cl) P value
Stroke recurrence ESRS 0.54 (0.52-0.55) - Reference -
ESSEN + IL-6 4 YKL-40 0.57 (0.55-0.58) <0.0001 19.0(12.7-254) <0.0001
mRS (2-6) THRIVE score 0.57 (0.56-0.58) - Reference -
THRIVE Score 4 IL-6 + YKL-40 0.64 (0.63-0.66) <0.0001 33.0(28.4-37.6) <0.0001

AUC area under the curve, Cl confidence interval, NRI net reclassification index, ESRS Essen Stroke Risk Score, THRIVE Score totaled health risks in vascular events score

positive though relatively weak correlation between YKL-
40 and IL-6 in our study. We therefore applied multi-
variate stepwise regression analyses to reveal the relative
usefulness of each marker. When simultaneously con-
sidering all markers, IL-6 and YKL-40 remained predic-
tive for recurrent stroke and poor functional outcome.
The addition of IL-6 and YKL-40 modestly increased the
ROCs of ESSEN and THRIVE models and led to a highly
significant NRIs. However, comparing with IL-6 alone,
the improvement of predictive value of combining IL-6
and YKL-40 was mild, suggesting the domain role of IL-6.

It has been noted that the prognosis of recurrent stroke
is unfavorable, and in China, stroke has ranked third
among the leading causes of death behind malignant
tumors and heart disease [37, 38]. We therefore adjusted
for stroke recurrence to exclude the possibility that poor
functional outcome was resulted in by recurrence. The
predictive accuracy of Essen Stroke Risk Score and the
Totaled Health Risks in Vascular Events Score was lower
than that in the previous study [22, 23], and the improve-
ment by adding inflammatory markers was significantly
moderate, which might be mainly due to improvement of
secondary prevention management of ischemic cerebro-
vascular disease, proved by 38% decrease (9.9% vs. 16%)
in the rate of stroke recurrence in the current study [22].
We believe our data at least have potential importance
for risk stratification of patients as well as the design of
future trials when choosing systemic or local inflamma-
tion markers or treatment targets.

On the other hand, the residual risk of recurrent stroke
and death is substantial despite of early management and
administrating secondary prevention therapy, calling for
measures from other perspective. Atherosclerotic plaque
inflammation has been suggested to be an important con-
tributor to plaque destabilization and thromboembolic
events. In our study, the relationship between inflam-
matory markers and recurrent stroke persisted even
after adjusting for currently available secondary preven-
tions, including statin and antiplatelet, antihypertensive
and hypoglycemic agents. The CANTOS and LoDoCo2

(Low-Dose Colchicine for Secondary Prevention of Car-
diovascular Disease 2) studies have demonstrated the
protective effect of anti-inflammatory treatment in the
patients with coronary heart diseases [10, 39]. How-
ever, little was known for stroke prevention. The ongo-
ing CONVINCE (Colchicine for Prevention of Vascular
Inflammation in Non-cardio Embolic Stroke) study eval-
uating the effect of low-dose of colchicine in reducing
the rate of recurrent stroke in patients with stroke would
shed some light on it [40]. Moreover, our findings also
have implications for patients care. Beyond pharmaco-
logic interventions, lifestyle such as diet, exercise and
smoking cessation all lowered vascular inflammation.
Therefore, lifestyle modification should be emphasized
as well, and measurements of inflammation marker levels
could be used to motivate lifestyle choices.

IL-1P induces the production of IL-1Ra, which is an
endogenous inhibitor of IL-1f [41]. Since a direct meas-
urement of IL-1p was not applicable due to extremely
low circulation levels, IL-1Ra could serve as a detectable
surrogate parameter for high IL-1f activity [42]. Our
data regarding the positive association between IL-1Ra
and poor functional outcome merited careful consid-
eration. As an antagonist of IL-1p, IL-1Ra treatment has
been highly neuroprotective experimentally [43], while
endogenous levels of IL-1Ra have been elucidated to be
upregulated and related to adverse outcome after cardio-
vascular disease and stroke [4, 5]. The functional role of
IL-1Ra in the context of atherogenesis has yet to be fully
determined [44]. In this regard, two major assumptions
might be postulated. First, elevated IL-Ra levels might be
atheroprotective, as an insufficient attempt by the body
to counter-regulate the concomitant increases of IL-1p
activity [45]. Therefore, IL-1Ra might mainly serve as an
indirect indicator for IL-1pB. Second, IL-1Ra itself might
induce atherosclerosis. A large genetic study has found
that IL-1Ra-rising alleles lead to an increased cardio-
vascular risk [46]. However, the hypothesis that binding
of IL-1Ra to the IL-1 receptor triggered harmful down-
stream signaling still needed to be verified. Moreover,
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given the result of the CANTOS trial, which lowered rate
of recurrent cardiovascular event by using anti-inflam-
matory therapy targeting interleukin-1f, [10] the latter
assumption became less likely, but, on the other hand,
cannot be totally excluded.

Our study also had several limitations. First, only one
point measurements of markers were available, incapac-
itating us to evaluate the effect of changes in the levels
of these markers over time. Second, we did not collect
information about how the traditional risk factors were
controlled during follow-up under the secondary preven-
tion treatment. Third, though centralized etiology clas-
sification of index event was performed, acquirement of
stroke subtypes of recurrent stroke would be informative.
Fourth, all participants were Chinese, thus, our findings
may not be generalizable to other races and ethnicities.

Conclusions

In the patients with ischemic stroke or TIA, we found
independent associations of IL-6 or YKL-40 with recur-
rent stroke, composite vascular events and poor func-
tional outcome, which were more apparent than that of
hsCRP and Lp-PLA2 mass and activity. The addition of
IL-6 and YKL-40 improved risk classification of clinical
risk algorithms. Our findings provided a comprehen-
sive picture of systemic and vascular inflammation after
stroke, helped optimizing risk stratification and might
shed some light on choosing inflammation target when
designing the clinical trials of stroke in the future.
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