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ORIGINAL RESEARCH

Plasma Human Cartilage Glycoprotein- 39 
Is Associated With the Prognosis of Acute 
Ischemic Stroke
Tian Xu , MD, PhD*; Kaixin Zhang, MD, PhD*; Chongke Zhong , MD, PhD; Zhengbao Zhu , MD, PhD; 
Xiaowei Zheng , MD, PhD; Pinni Yang , MD; Bizhong Che , MD; Yaling Lu, MD;  
Yonghong Zhang , MD, PhD

BACKGROUND: To evaluate the prognostic value of plasma YKL- 40 (human cartilage glycoprotein- 39) for acute ischemic stroke.

METHODS AND RESULTS: We measured plasma YKL- 40 levels in 3377 participants from CATIS (China Antihypertensive Trial 
in Acute Ischemic Stroke). Study outcome data on death, major disability (modified Rankin Scale score ≥3), and vascular 
diseases were collected at 3 months after stroke onset. The primary outcome was defined as a combination of death and 
major disability. During the 3- month follow- up, 828 participants (24.5%) experienced major disability or died. After multivari-
ate adjustment, the highest YKL- 40 quartile was associated with an increased risk of the primary outcome (odds ratio, 1.426 
[95% CI, 1.105– 1.839]; Ptrend=0.01) compared with the lowest quartile. Each SD increase in log- transformed YKL- 40 level 
was associated with a 15.5% (95% CI, 5.6– 26.3%) increased risk of the primary outcome. The multivariable- adjusted spline 
regression models showed a linear dose– response relationship between YKL- 40 and clinical outcomes. Adding YKL- 40 to 
a model containing conventional risk factors significantly improved the reclassification power for the primary outcome (net 
reclassification improvement: 15.61%, P<0.001; integrated discrimination index: 0.37%, P=0.004) and marginally significantly 
improved the discriminatory power for the primary outcome (area under the receiver operating characteristic curve improved 
by 0.003, P=0.099).

CONCLUSIONS: A higher YKL- 40 level in the acute phase of ischemic stroke was associated with an increased risk of mortal-
ity and major disability at 3 months after stroke, indicating that YKL- 40 may play an important role as a prognostic marker of 
ischemic stroke.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT01840072.
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YKL- 40 (human cartilage glycoprotein- 39), an inflam-
matory biomarker, has been reported to be involved 
in the process and progression of atherosclero-

sis.1,2 It is secreted from macrophages, neutrophils, and 
vascular smooth muscle cells.3– 5 Previous large- sample 
studies have reported that elevated YKL- 40 levels are as-
sociated with a higher risk of ischemic stroke.6,7 YKL- 40 
was also found to be correlated with infarct volume and 

admission severity of acute ischemic stroke.8 However, 
limited studies with reliable statistical power have investi-
gated the effect of YKL- 40 on the comprehensive prog-
nosis after ischemic stroke including functional outcome, 
mortality, and vascular events.

Biomarkers that could be used to identify patients 
at high risk of poor prognosis would increase the ef-
ficacy and precision of secondary prevention for 
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ischemic stroke. Well- designed prospective studies 
with large sample sizes to investigate the potential rela-
tionship between YKL- 40 levels and clinical outcomes 
of acute ischemic stroke are needed. The objective of 
this study was to prospectively investigate the asso-
ciation between plasma YKL- 40 levels and prognosis 
in patients with acute ischemic stroke using data from 
CATIS (China Antihypertensive Trial in Acute Ischemic 
Stroke).

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Participants
We conducted this study using CATIS data. CATIS 
was a multicenter, single- blind, blinded end point ran-
domized clinical trial conducted in 26 hospitals across 
China. The design and main results of CATIS have been 
described in detail previously.9 Briefly, a total of 4071 
patients aged >22 years who had ischemic stroke con-
firmed by computed tomography or magnetic reso-
nance imaging of the brain within 48 hours of symptom 
onset and increased systolic blood pressure (BP) be-
tween 140 and 220 mm Hg were recruited. The CATIS 
exclusion criteria were any of the following: (1) systolic 
BP ≥220 or diastolic BP≥120 mm Hg; (2) severe heart 

failure, acute myocardial infarction, unstable angina, 
atrial fibrillation, aortic dissection, cerebrovascular ste-
nosis (≥70%), resistant hypertension, deep coma, or 
transient ischemic attacks; and (3) treatment with in-
travenous thrombolytic therapy. For the present study, 
623 patients were excluded because they did not offer 
blood samples or we failed to measure plasma YKL- 40 
concentrations. After 3 months, 71 patients were lost 
to follow- up, for a follow- up rate of 97.9%. Finally, a 
total of 3377 patients with ischemic stroke from CATIS 
were analyzed in this study. Most baseline characteris-
tics were balanced between the patients who had their 
plasma YKL- 40 measured and those who did not, indi-
cating that those who were assayed were representative 
of all CATIS participants (Table S1). The CATIS trial was 
registered (URL: http://www.clini caltr ials.gov; unique 
identifier: NCT01840072). The current study was ap-
proved by the institutional review boards at Soochow 
University in China and Tulane University in the United 
States. Written consent was obtained from all study 
participants or their immediate family members.

Data Collection
Baseline data, including demographic characteristics, 
clinical characteristics, medical histories, and lifestyle 
factors, were collected at the time of enrollment. Stroke 
severity was assessed with the National Institutes of 
Health Stroke Scale by trained neurologists at admis-
sion.10 According to the symptoms and imaging data of 
the patients, the ischemic stroke subtype was classi-
fied as large artery atherosclerosis, cardiac embolism, 
or small artery occlusion lacunae.11 Three BP meas-
urements were also obtained at admission by trained 
nurses using a standard mercury sphygmomanometer 
according to the standard procedure recommended 
by the American Heart Association. In addition, serum 
lipids, plasma glucose, and other clinical laboratory 
measurements were obtained at the participating hos-
pitals at admission. Dyslipidemia was defined as total 
cholesterol ≥6.22 mmol/L or triglycerides ≥2.26 mmol/L 
or low- density lipoprotein cholesterol ≥4.14 mmol/L or 
high- density lipoprotein cholesterol <1.04 mmol/L or a 
self- reported history of physician- diagnosed dyslipi-
demia according to Chinese guidelines on the preven-
tion and treatment of dyslipidemia.12

YKL- 40 Measurements
For patients with ischemic stroke, fasting blood sam-
ples were collected within 24 hours of hospital admis-
sion. Plasma was separated from the blood sample 
at the clinical laboratories of the participating hospi-
tals and immediately frozen at −80 °C. We measured 
the plasma YKL- 40 concentrations of all participants 
centrally at Soochow University. The plasma YKL- 40 
test was performed using a commercial enzyme- linked 
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immunosorbent assay kit (catalog number DC3L10; 
R&D Systems, Inc., Minneapolis, MN) according to the 
manufacturer’s instructions. The intra-  and interassay 
coefficients of variation were <5% and 7%, respec-
tively. The laboratory technicians were blinded to the 
clinical characteristics and the clinical outcomes of the 
patients with ischemic stroke.

Outcome Assessment
Participants were followed up in person at 3 months 
by trained neurologists who were unaware of the treat-
ment assignment. The primary outcome was a com-
posite outcome of death or major disability (modified 
Rankin Scale [mRS] score of 3– 6) within 3 months. 
Secondary outcomes were separately those of death 
and major disability (mRS score of 6 and 3– 5, respec-
tively), and vascular diseases (eg, vascular death, non-
fatal stroke, nonfatal myocardial infarction, hospitalized 
and treated angina, hospitalized and treated conges-
tive heart failure, and hospitalized and treated periph-
eral arterial disease). We further included an ordered 
7- level categorical score of the mRS as an outcome 
for neurological functional status based on the recom-
mendation for acute stroke trials.13 Death certificates 
were obtained for the participants who died, and hos-
pital data were collected for all vascular events. The 
outcome assessment committee reviewed and adju-
dicated vascular events based on the criteria estab-
lished in ALLHAT (Antihypertensive and Lipid- Lowering 
Treatment to Prevent Heart Attack Trial).

Statistical Analysis
The participants were classified into plasma YKL- 40 
level quartiles. Baseline characteristics were com-
pared among quartiles using χ2 tests for categorical 
variables and analysis of variance (normal distribution) 
or Wilcoxon signed- rank test (skewed distribution) for 
continuous variables, respectively. Multivariable binary 
logistic regression was used to estimate the risk of clini-
cal outcomes associated with YKL- 40 quartiles. Odds 
ratios (OR) and 95% CIs were calculated for upper quar-
tiles of YKL- 40 with the lowest quartile as a reference. 
The covariates included in the multivariable models 
were age, sex, admission National Institutes of Health 
Stroke Scale score, antihypertensive treatment, time 
from onset to hospitalization, current smoking status, 
alcohol consumption, body mass index, fasting plasma 
glucose, dyslipidemia, history of hypertension, his-
tory of diabetes, family history of stroke, systolic BP at 
baseline, and ischemic stroke subtype. Tests for linear 
trends in ORs across YKL- 40 quartiles were conducted 
with each quartile as the continuous parameter in the 
model. In addition, we used restricted cubic splines to 
examine the pattern and magnitude of associations 
between plasma YKL- 40 and clinical outcomes with 4 

knots (at the 5th, 35th, 65th, and 95th percentiles).14 
The effect of the YKL- 40 quartiles on the mRS shift was 
analyzed using the multivariable ordinal logistic regres-
sion model. Furthermore, we calculated the area under 
the receiver operating characteristic curve, continuous 
net reclassification index, and integrated discrimination 
improvement to assess the incremental discriminatory 
power and reclassification value of plasma YKL- 40 be-
yond conventional risk factors for prognosis.15

Because previous studies have reported that YKL- 
40 levels are associated with several stroke- related risk 
factors (ie, age, sex, hypertension, and diabetes),16– 18 
we conducted subgroup analyses to assess the as-
sociation between YKL- 40 and the primary outcome. 
Interactions between plasma YKL- 40 and subgroup 
variables on the primary outcome were tested in the 
models with interaction terms using the likelihood ratio 
test, adjusting for the aforementioned covariates un-
less the variable was used as a subgroup variable. All 
P values were 2 tailed, and a significance level of 0.05 
was used. All statistical analyses were conducted with 
SAS statistical software (version 9.4, Cary, NC) and R 
software (version 4.0; The R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS
Among the 3377 patients with ischemic stroke, those 
with higher plasma YKL- 40 levels tended to be older, 
female, nonsmokers and nondrinkers; to have higher 
baseline systolic BP, glucose, National Institutes of 
Health Stroke Scale score, total cholesterol, and tri-
glycerides; and to have a higher prevalence of a his-
tory of diabetes. However, they were also likely to have 
lower diastolic BP and body mass index, a shorter time 
from onset to randomization, and a lower prevalence of 
a history of hypertension (Table 1).

During the 3 months of follow- up, 736 patients 
(21.8%) experienced major disability and 92 patients 
(2.7%) died. As shown in Table  2, the multivariable- 
adjusted ORs (95% CI) associated with the highest vs. 
lowest quartile of YKL- 40 were 1.426 (1.105– 1.839), 
1.329 (1.018– 1.735), and 2.15 (1.135– 4.075) for the 
primary outcome (P for trend=0.01), major disability 
(P for trend=0.05), and death (P for trend=0.003), re-
spectively. Each 1 SD higher log- transformed YKL- 40 
level was significantly associated with a 15.5%, 11.3%, 
and 56.4% increased risk for the primary outcome, 
major disability, and death, respectively. Multivariable- 
adjusted spline regression models showed a linear 
association between the YKL- 40 level and the pri-
mary outcome (P for linearity<0.001), major disability 
(P for linearity=0.03), and death (P for linearity<0.001) 
(Figure  1). No significant association between 
plasma YKL- 40 and vascular events was observed. 
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Multivariable ordinal logistic regression analysis 
showed a significantly worse shift in the distribution of 
mRS scores with higher YKL- 40 quartiles in patients 
with ischemic stroke (OR, 1.08 [95% CI, 1.02– 1.15]; 
P=0.01; Figure 2). In the subgroup analyses, the 3377 
participants were stratified by age, sex, current smok-
ing status, alcohol consumption, history of hyperten-
sion, history of diabetes, and receiving immediate BP 
reduction. A significant association between YKL- 40 
and the risk of the primary outcome was observed in 
most of the subgroups (ORs [95% CIs] for quartiles 2 
and 3 were not shown). These variables did not sub-
stantially modify the effect of YKL- 40 level on the risk 
of the primary outcome (Figure 3).

Among all patients with ischemic stroke, adding 
plasma YKL- 40 to a model containing conventional risk 
factors significantly improved the risk reclassification 
for the clinical outcomes (primary outcome: net reclas-
sification index =15.61%, P<0.001, integrated discrimi-
nation improvement =0.37%, P=0.004; major disability: 
net reclassification index =11.35%, P=0.005, integrated 

discrimination improvement =0.17%, P=0.06; death: 
net reclassification index =42.75%, P<0.001, integrated 
discrimination improvement =1.37%, P=0.001). It also 
improved the discriminatory power for the prognosis 
to some degree (primary outcome: the area under the 
receiver operating characteristic curve improved by 
0.003, P=0.099; major disability: the area under the 
receiver operating characteristic curve improved by 
0.002, P=0.158; death: the area under the receiver 
operating characteristic curve improved by 0.026, 
P=0.049) (Table 3).

DISCUSSION
In this large prospective multicenter CATIS study, we 
observed dose– response associations between higher 
YKL- 40 levels in ischemic stroke and an increased risk 
of major disability and death after adjusting for other 
established risk factors. The addition of YKL- 40 level to 
a model containing conventional risk factors substan-
tially improved the prediction power for ischemic stroke 

Table 1. Characteristics of Participants According to Quartiles of Plasma YKL- 40

Characteristics

YKL- 40, ng/mL

Total <37.4751
37.4751– 
64.37

64.37– 
133.4822 ≥133.4822 Ptrend

No. of participants 3377 846 846 845 840

Age, y 61.6±10.8 56.8±10.0 59.5±9.9 62.7±10.0 67.2±10.4 <0.001

Male sex, n (%) 2171 (64.3) 597 (70.6) 587 (69.4) 498 (58.9) 489 (58.2) <0.001

Time from onset to randomization, hour 10.3 (5– 24) 12 (5– 24) 12 (5– 24) 11 (5– 24) 8.3 (4– 24) <0.001

Admission systolic BP, mm Hg 166.1±16.8 164.1±16.5 166.4±17.1 166.5±16.6 167.3±16.7 <0.001

Admission diastolic BP, mm Hg 96.6±11.0 98±11.2 97.6±11.2 96.3±10.4 94.6±11 <0.001

Admission National Institute of Health Stroke 
Scale score

4 (2– 7) 4 (2– 7) 4 (2– 7) 4 (3– 7) 5 (3– 9) <0.001

Body mass index, kg/m2 25.0±3.1 25.1±3.1 25.1±2.9 24.9±3.1 24.7±3.4 0.02

Total cholesterol, mmol/L 5.1±1.2 4.9±1.1 5.1±1.1 5.1±1.2 5.1±1.3 0.001

Triglycerides, mmol/L 1.9±2.7 1.7±1.1 1.8±1.3 1.9±1.4 2.1±5.1 0.004

Low- density lipoprotein cholesterol, mmol/L 2.9±0.9 2.9±0.9 2.9±1.0 3.0±1.0 2.9±0.9 0.63

High- density lipoprotein cholesterol, mmol/L 1.3±0.5 1.3±0.5 1.3±0.5 1.3±0.4 1.3±0.4 0.66

Glucose, mmol/L 6.7±2.8 6.4±2.4 6.7±2.8 6.7±3.0 6.9±2.8 0.002

Current cigarette smoking, n (%) 1248 (37.0) 351 (41.5) 349 (41.3) 257 (30.4) 291 (34.6) <0.001

Current alcohol drinking, n (%) 1068 (31.6) 309 (36.5) 296 (35.0) 241 (28.5) 222 (26.4) <0.001

Dyslipidemia, n (%) 1799 (53.3) 431 (51.0) 454 (53.7) 463 (54.8) 451 (53.7) 0.22

History of hypertension, n (%) 2652 (78.5) 676 (79.9) 678 (80.1) 669 (79.2) 629 (74.9) 0.01

History of diabetes, n (%) 596 (17.7) 141 (16.7) 138 (16.3) 147 (17.4) 170 (20.2) 0.04

Family history of stroke, n (%) 634 (18.8) 169 (20.0) 153 (18.1) 162 (19.2) 150 (17.9) 0.38

Antihypertensive medications, n (%) 1687 (50.0) 417 (49.3) 413 (48.8) 426 (50.4) 431 (51.3) 0.32

Ischemic stroke subtype, n (%)

Large artery atherosclerosis 2612 (77.4) 673 (79.6) 652 (77.1) 655 (77.5) 632 (75.2) 0.05

Cardiac embolism 150 (4.4) 40 (4.7) 27 (3.2) 35 (4.1) 48 (5.7) 0.22

Small artery occlusion lacunae 615 (18.2) 133 (15.7) 167 (19.7) 155 (18.3) 160 (19.1) 0.15

Continuous variables are expressed as mean±SD or median (interquartile range). Categorical variables are expressed as number (percentage). BP indicates 
blood pressure; and YKL- 40, human cartilage glycoprotein- 39.
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prognosis. Our findings suggest that plasma YK- 40 is 
an effective prognostic marker for ischemic stroke.

There are limited data on the effect of YKL- 40 lev-
els on poor prognosis in patients with ischemic stroke. 

Chen et al. reported that YKL- 40 levels were higher in 
patients with ischemic stroke than those in controls. It 
was also reported that YKL- 40 level was associated 
with the 3- month functional outcome (OR, 6.47 [95% 

Table 2. ORs (95% CIs) of Clinical Outcomes According to Quartiles of Plasma YKL- 40 in the Acute Phase of Ischemic 
Stroke

Outcome

YKL- 40, ng/mL

<37.4751 37.4751– 64.37 64.37– 133.4822 ≥133.4822 Ptrend

Each 1- SD (0.852 ng/mL) 
increase in logYKL- 40

Primary outcome: death or major disability (mRS 3– 6)

Case, n (%) 161 (19.03) 188 (22.22) 208 (24.62) 271 (32.26) <0.001 828 (24.52)

Unadjusted 1.00 1.215 (0.96– 1.539) 1.389 (1.101– 1.752) 2.026 (1.619– 2.536) <0.001 1.321 (1.22– 1.431)

Multiple- 
adjusted

1.00 1.178 (0.914– 1.517) 1.19 (0.925– 1.532) 1.426 (1.105– 1.839) 0.01 1.155 (1.056– 1.263)

Secondary outcomes

Major disability (mRS 3– 5)

Case, n (%) 146 (17.57) 176 (21.1) 189 (22.88) 225 (28.34) <0.001 736 (22.40)

Unadjusted 1.00 1.255 (0.983– 1.602) 1.392 (1.093– 1.772) 1.855 (1.465– 2.349) <0.001 1.265 (1.163– 1.375)

Multiple- 
adjusted

1.00 1.215 (0.936– 1.578) 1.197 (0.921– 1.555) 1.329 (1.018– 1.735) 0.05 1.113 (1.014– 1.223)

Death

Case, n (%) 15 (1.77) 12 (1.42) 19 (2.25) 46 (5.48) <0.001 92 (2.72)

Unadjusted 1.00 0.797 (0.371– 1.713) 1.274 (0.643– 2.525) 3.21 (1.778– 5.795) <0.001 1.831 (1.475– 2.273)

Multiple- 
adjusted

1.00 0.731 (0.336– 1.59) 1.044 (0.516– 2.11) 2.15 (1.135– 4.075) 0.003 1.564 (1.237– 1.976)

Vascular events

Case, n (%) 16 (1.89) 22 (2.6) 25 (2.96) 27 (3.21) 0.08 90 (2.67)

Unadjusted 1.00 1.385 (0.722– 2.656) 1.582 (0.838– 2.984) 1.723 (0.921– 3.221) 0.08 1.21 (0.982– 1.492)

Multiple- 
adjusted

1.00 1.212 (0.626– 2.348) 1.232 (0.64– 2.373) 1.172 (0.6– 2.289) 0.69 1.052 (0.838– 1.321)

Multiple- adjusted covariates included age, sex, admission National Institutes of Health Stroke Scale score, antihypertensive treatment, time from onset to hospitalization, 
current smoking, alcohol consumption, body mass index, fasting plasma glucose, dyslipidemia, history of hypertension, history of diabetes, family history of stroke, 
systolic blood pressure at baseline, and ischemic stroke subtypes. mRS indicates modified Rankin scale; and YKL- 40, human cartilage glycoprotein- 39.

Figure 1. Association between plasma YKL- 40 levels and adverse clinical outcomes after ischemic stroke.
A, Primary outcome. B, Major disability. C, Death. Odds ratios (red solid line) and 95% CIs (blue dotted line) derived from restricted 
cubic spline regression, with knots placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of plasma YKL- 40. ORs were 
adjusted for age, sex, admission NIHSS score, antihypertensive treatment, time from onset to hospitalization, current smoking status, 
alcohol consumption, body mass index, fasting plasma glucose, dyslipidemia, history of hypertension, history of diabetes, family 
history of stroke, systolic blood pressure at baseline, and ischemic stroke subtype. NIHSS indicates National Institutes of Health 
Stroke Scale; OR, odds ratio; and YKL- 40, human cartilage glycoprotein- 39.
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CI, 1.36– 30.76]) and improved the prognostic accu-
racy of the conventional factors in predicting functional 
outcome among 141 patients with large artery ath-
erosclerotic stroke.19 In another study based on 105 
patients with ischemic stroke, the YKL- 40 level was 
able to better discriminate acute ischemic stroke from 
controls compared with C- reactive protein. YKL- 40 on 

the second day after admission was positively cor-
related with the National Institutes of Health Stroke 
Scale score, infarct volume, and 3- month mRS, and 
it was also associated with poor functional outcome 
(OR, 5.73, P=0.03) after adjusting for age, sex, hy-
pertension, diabetes, hypercholesterolemia, smoking, 
previous stroke, and C- reactive protein.8 However, 

Figure 2. Distribution of modified Rankin Scale (mRS) score at 3 months according to plasma 
YKL- 40 quartiles in patients with ischemic stroke.
YKL- 40 indicates human cartilage glycoprotein- 39.

Figure 3. Subgroup analyses of the association between plasma YKL- 40 and primary outcome (quartile 4 vs quartile 1, data 
for quartiles 2 and 3 not shown).
The odds ratios and 95% CIs were calculated after adjusting for the same confounding factors in Table 2 unless the variable was used 
as a subgroup variable. BP indicates blood pressure; OR, odds ratio; and YKL- 40, human cartilage glycoprotein- 39.
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these studies had small sample sizes with limited sta-
tistical power. Our study included 3377 patients with 
ischemic stroke from the multicenter CATIS study; 
this large- sample size resulted in sufficient statistical 
power. Additionally, standardized protocols and rigid 
quality control procedures were adopted in the data 
collection and outcome assessment. Furthermore, 
comprehensive information about potential confound-
ers was adjusted in the multivariate models. Thus, the 
study findings provide a valid appraisal of the relation-
ship between YKL- 40 levels and the clinical outcomes 
of ischemic stroke. This study has clinical implications 
for better understanding the progression of ischemic 
stroke. A previous study found that CHI3L1 (chitinase- 
3- like protein 1) deletion decreased the amyloid plaque 
burden and increased the periplaque expression of the 
microglial lysosomal marker CD68 in a mouse APP/
PS1 model of Alzheimer’s disease.20 Therefore, YKL- 
40/CHI3L1 is expected to be used as a target for the 
treatment of neurological diseases. Lowering the YKL- 
40 levels might improve the clinical outcomes of pa-
tients with ischemic stroke.

The exact mechanisms underlying the observed 
association between higher plasma YKL- 40 and an in-
creased risk of poor prognosis for ischemic stroke are 
unclear. YKL- 40 is a glycoprotein produced by neutro-
phils and macrophages in response to inflammation.21 
The inflammatory process is involved in the patholog-
ical development of ischemic stroke, from prestroke 
arteriosclerosis to poststroke brain damage.22– 24 
Inflammation is an important risk factor for death and 
major disability among patients with various diseases 
(eg, cardiovascular diseases, cancers, and multiple 
sclerosis),25,26 which is consistent with our findings of 

the association between the YKL- 40 and death and 
major disability among patients with ischemic stroke. 
YKL- 40 plays a role in endothelial dysfunction in relation 
to cell migration, reorganization, and tissue remodel-
ing during atherogenesis.27 An elevation in the YKL- 40 
level activates endothelial cells to express VCAM- 1 
(vascular adhesion molecule- 1) and ICAM- 1 (intercel-
lular adhesion molecule- 1), further damaging vascular 
endothelial cells and accelerating the progression of 
atherosclerosis.28

Our study has several limitations that should be 
mentioned. First, this study was a post hoc analysis 
of the data from CATIS trial and was not a real- world 
study. Some patients with extreme hypertension (BP 
≥220/120 mm Hg) or those treated with intravenous 
thrombolytic therapy at admission were excluded, 
which might have induced a selection bias. However, 
the baseline characteristics of the participants in this 
study were similar to those from the China National 
Stroke Registry.29 Most of the baseline characteristics 
did not significantly differ between the included and 
excluded patients. Thus, the selection bias was small. 
The BP reduction intervention in CATIS may have influ-
enced our results but we controlled for the covariate of 
antihypertensive treatment in addition to other import-
ant factors in the analyses. Therefore, the influence is 
also likely slight. Second, plasma YKL- 40 concentra-
tions were assayed only once at baseline. A previous 
study suggested that YKL- 40 levels in patients with 
acute ischemic stroke fluctuated after admission,8 but 
we did not assess the YKL- 40 levels over time during 
hospitalization or during follow- up. Therefore, we had 
no data to examine the association between YKL- 40 
changes and clinical outcomes of patients with acute 

Table 3. Discrimination and Reclassification Statistics for 3- Month Clinical Outcomes by Plasma YKL- 40 Among Patients 
With Acute Ischemic Stroke

AUC NRI IDI

Estimate (95% 
CI), % P value

Estimate (95% 
CI), % P value

Estimate (95% 
CI), % P value

Death or major disability (mRS score 3– 6)

Conventional model 0.747 (0.732– 0.761) Reference Reference

Conventional 
model+YKL- 40

0.75 (0.735– 0.764) 0.099 15.61 (8.02– 23.21) <0.001 0.37 (0.12– 0.62) 0.004

Major disability (mRS score 3– 5)

Conventional model 0.745 (0.73– 0.76) Reference Reference

Conventional 
model+YKL- 40

0.747 (0.732– 0.762) 0.158 11.35 (3.44– 19.26) 0.005 0.17 (−0.01– 0.34) 0.06

Death

Conventional model 0.732 (0.717– 0.747) Reference Reference

Conventional 
model+YKL- 40

0.758 (0.743– 0.772) 0.049 42.75 (22.09– 63.42) <0.001 1.37 (0.54– 2.2) 0.001

Conventional model included age, sex, admission National Institutes of Health Stroke Scale score, antihypertensive treatment, time from onset to 
hospitalization, current smoking, alcohol consumption, body mass index, dyslipidemia, fasting plasma glucose, history of hypertension, history of diabetes, 
family history of stroke, systolic blood pressure at baseline, and ischemic stroke subtypes. AUC indicates area under the receiver operating characteristic 
curve; IDI, integrated discrimination index; mRS, modified Rankin Scale; NRI, net reclassification improvement; and YKL- 40, human cartilage glycoprotein- 39.
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ischemic stroke. Third, ischemic stroke patients with 
cardiac embolism had higher levels of YKL- 40 than 
those with large artery atherosclerosis or small artery 
occlusion lacunae in our study. However, most stroke 
patients were caused due to large artery atherosclero-
sis and there were very few patients in this study who 
had stroke from cardioembolism or caused by small 
vessel occlusion (lacunar subtype). It was difficult for 
us to evaluate the prognostic value of YKL- 40 for the 
different subtypes of ischemic stroke. Future cohort 
studies focusing on specific ischemic stroke subtype 
would be helpful to elucidate any association. Finally, 
because all of the patients were from China, the exter-
nal validity of these findings is limited. Further prospec-
tive studies conducted among different populations 
are needed to validate our findings.

CONCLUSIONS
In conclusion, elevated plasma YKL- 40 was associated 
with poor prognosis in patients with acute ischemic 
stroke. The plasma YKL- 40 level may have potential 
value in predicting the prognosis of patients with is-
chemic stroke.
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Table S1. Baseline characteristics of acute ischemic stroke patients.

Characteristics Enrolled Excluded P value

No. of participants 3377 694

Age, years 61.6±10.8 63.9±11.0 <0.01

Male, n(%) 2171 (64.3) 433 (62.4) 0.34

Time from onset to randomization, hour 10.3(5-24) 9(4.5-24) 0.51

Admission systolic BP, mm Hg 166.1±16.8 166.4±17.5 0.65

Admission diastolic BP, mm Hg 96.6±11.0 96.9±11.4 0.56

Admission NIHSS score 4(2-7) 4(2-8) 0.77

Body mass index, kg/m2 25.0±3.1 24.9±3.4 0.68

Total cholesterol, mmol/L 5.1±1.2 5.1±1.2 0.09

Triglycerides, mmol/L 1.9±2.7 1.8±1.2 0.24

LDL cholesterol, mmol/L 2.9±0.9 3.0±1.0 0.05



HDL cholesterol, mmol/L 1.3±0.5 1.3±0.4 0.32

Glucose, mmol/L 6.7±2.8 6.7±2.7 0.69

Current cigarette smoking, n(%) 1248(37.0) 237 (34.2) 0.16

Dyslipidemia, n(%) 1799(53.3) 358(51.6) 0.42

Current alcohol drinking, n(%) 1068 (31.6) 185 (26.7) 0.01

History of hypertension, n(%) 2652 (78.5) 557 (80.3) 0.31

History of diabetes mellitus, n(%) 596 (17.7) 123 (17.7) 0.96

Family history of stroke, n(%) 634 (18.8) 119 (17.2) 0.31

Antihypertensive medications, n (%) 1687 (50) 351 (50.6) 0.77

Ischemic stroke subtype, n(%)

Large artery atherosclerosis 2612 (77.4) 536 (77.2) 0.95

Cardiac embolism 150 (4.4) 45 (6.5) 0.02

Small artery occlusion lacunae 615 (18.2) 113 (16.3) 0.23



BP: blood pressure; HDL: high-density lipoprotein; LDL:low-density lipoprotein; NIHSS: National Institute of Health Stroke Scale

Continuous variables are expressed as mean ± SD or median (interquartile range). Categorical variables are expressed as number (percent).
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