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Background: Stroke-associated pneumonia (SAP) is a standout complication after acute 
ischemic stroke (AIS), with a prevalence of 7–38%. The aim of this prospective study was to 
investigate the relationship between serum YKL-40 levels at admission and SAP.
Methods: Between August 2020 and February 2021, consecutive AIS patients from two 
centers were enrolled prospectively. Serum YKL-40 concentrations were measured via 
enzyme-linked immunosorbent assay. We performed logistic regression analyses to explore 
the relationship between YKL-40 and SAP. Receiver operating characteristic curve was also 
used to assess the predictive ability of YKL-40 in predicting SAP.
Results: Ultimately, a total of 511 AIS patients were recruited. Multivariate logistic regres-
sion analysis showed that YKL-40 was independently related to SAP, whether as 
a continuous variable or as quartiles (P=0.001). The area under curve of YKL-40 to predict 
SAP was 0.765. The optimal cutoff value of YKL-40 as a predictor of SAP was determined 
to be 206.4 ng/mL, where the sensitivity was 63.1% and the specificity was 82.0%.
Conclusion: Our study demonstrated that YKL-40 might be considered as a useful biomar-
ker to predict SAP in AIS patients.
Keywords: acute ischemic stroke, YKL-40, stroke-associated pneumonia

Background
Stroke is reported to be a serious worldwide health problem and one of the leading 
reasons for disability as well as mortality.1,2 Stroke-associated pneumonia (SAP) is 
a standout complication after acute ischemic stroke (AIS), which accounts for 7– 
38%.3,4 What is more, several clinical researches have verified that SAP may be 
linked to unfavorable prognosis and disability in AIS patients, independently.3–5 

Therefore, it is crucial and clinically valuable for the neurologists to investigate the 
related risk factors and construct the predictive model of SAP.

Inflammatory response is getting more and more attention for its critical role in the 
pathological process of AIS.6,7 YKL-40, also called as chitinase-3-like-1 protein 
(CHI3L1) and human cartilage glycoprotein-39 (HCgp-39), is a novel inflammatory 
biomarker and chiefly secreted by macrophages, neutrophils and epithelial cells.8 

Overexpression of YKL-40 has been observed in various inflammatory conditions 
including sepsis, pneumonia, asthma, diabetes, rheumatoid arthritis, and coronary artery 
disease.8,9 Recently, in terms of diagnosis and prognosis, YKL-40 has been proposed as 
a useful and meaningful biomarker for cerebrovascular diseases, such as ischemic 
stroke, spontaneous subarachnoid hemorrhage as well as intracerebral hemorrhage.10– 
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12 Nevertheless, whether levels of YKL-40 are correlated 
with SAP remains unclear and wait for neurologists to 
explore.

The purpose of our observational research was to 
assess the association of serum YKL-40 levels at admis-
sion with SAP and whether serum YKL levels can predict 
the occurrence of SAP in AIS patients.

Methods
Patient Selection
Between August 2020 and February 2021, we recruited 
AIS patients hospitalized in The Taixing People’s Hospital 
as well as Nanjing First Hospital, consecutively. All the 
AIS patients were admitted to the stroke centers. Eligible 
patients were included in the present analysis, on condition 
that they met all of the criteria below. The Ethics 
Committees of our hospitals approved this research, and 
all participants or their legal representatives provided 
signed informed consent. This research was also con-
ducted in accordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) admission within 48 hours of onset; 
(2) age ≥ 18 years. Exclusion criteria: (1) pre-stroke pneu-
monia or active infection before admission; (2) patients 
with incomplete clinical data; (3) pre-existing dysphagia; 
(4) preventive antibiotic therapy; (5) The length of hospi-
talization is less than 7 days.

Data Collection
We collected the data of AIS patients as follows: demo-
graphic characteristics (age and gender), past medical 
history (hypertension, dyslipidemia, diabetes mellitus, 
atrial fibrillation, previous stroke, chronic obstructive pul-
monary disease, smoking and drinking alcohol), clinical 
assessment (blood pressure, baseline National Institutes 
of Health Stroke Score [NIHSS], dysphagia, previous 
antiplatelet, previous statin, intravenous thrombolysis, 
tracheal intubation or ventilator, stroke subtype) as well 
as laboratory data (leucocyte, total cholesterol [TC], tri-
glyceride [TG], low-density lipoprotein [LDL], high- 
density lipoprotein [HDL], fasting blood glucose [FBG], 
hyper-sensitive C-reactive protein [Hs-CRP]). Dysphagia 
was identified using a bedside non-instrumented swallow-
ing test within the first day after admission. Stroke sub-
type of each AIS patient was categorized in light of Trial 

of Org 10172 in Acute Stroke Treatment (TOAST) 
criteria.13

Definition of SAP
The diagnosis of SAP was based on the modified Centers 
for Disease Control and Prevention criteria of hospital- 
acquired pneumonia, according to clinical and laboratory 
parameters of acute lower respiratory tract infection, and 
was confirmed by chest X-ray or CT.14,15 SAP was diag-
nosed by two trained clinicians after onset of AIS. If there 
is disagreement about the diagnosis of SAP, we will invite 
a third neurologist to make a final decision.

Measurement of YKL-40
Blood samples were collected within the first 24 hours of 
admission after overnight fasting. Samples were centri-
fuged at 1500×g for 15 min, and the isolated serum was 
frozen at −80°C until later analysis. Serum YKL-40 levels 
were measured using a commercial enzyme-linked immu-
nosorbent assay kit (Cat No. ab255719, Abcam), in line 
with the manufacturer’s instructions, where the minimum 
detectable levels are 7.50 ng/mL.

Statistical Analysis
Statistical analyses were conducted by R 4.0.4 (http:// 
www.R-project.org/). Continuous variables, which fol-
lowed a normal distribution, were presented as the mean 
± standard deviation; other continuous variables, which 
did not follow normal distributions, were expressed as 
the median and interquartile range (25% as well as 75%). 
Categorical variables were presented as numbers (percen-
tages). The violin plot was used to display the distribution 
of YKL-40 between SAP group and non-SAP group. 
Differences in baseline characteristics among YKL-40 
quartiles were conducted using analysis of variance or 
the Kruskal–Wallis test for continuous variables, and 
Pearson’s chi-square test for categorical variables. All 
variables with a significant relationship at P < 0.05 in 
univariate analysis entered multivariable analysis. We 
also conducted receiver operating characteristic (ROC) 
curve analysis to evaluate the predictive capability of 
YKL-40 in SAP and to detect the best cutoff point, 
where the sum of the sensitivity and specificity was the 
highest. The area under curve (AUC) was carried out on 
the basis of the ROC curve analysis. All statistical ana-
lyses were 2-tailed, and P < 0.05 was considered to indi-
cate statistical significance.
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Results
Between August 2020 and February 2021, 641 AIS 
patients who were admitted within 48 hours after the 
onset of ischemic stroke were screened in this research. 
One hundred and thirty AIS patients were excluded for the 
reasons below: pre-stroke pneumonia or active infection 
before admission (n=18); patients with incomplete clinical 
data (n=43); pre-existing dysphagia (n=7); preventive anti-
biotic therapy (n=4); the length of hospitalization is less 
than 7 days (n=58). Ultimately, a total of 511 patients (328 
male and 183 female) were recruited in the final analysis 
(Figure 1). Among the 511 patients, 150 (29.4%) devel-
oped SAP.

The quartile levels of YKL-40 were as follows: 22.6 
ng/mL to 64.7 ng/mL (first quartile); 65.9 ng/mL to 138.6 
ng/mL (second quartile); 139.6 ng/mL to 246.5 ng/mL 
(third quartile); 247.4 ng/mL to 798.1 ng/mL (fourth quar-
tile). Table 1 demonstrated the baseline characteristics of 
patients stratified by YKL-40 quartiles. The variables with 
significant differences among four groups were presented 
below: age (P=0.003), atrial fibrillation (P=0.011), coron-
ary artery disease (P=0.022), drinking alcohol (P=0.043), 
baseline NIHSS (P=0.001), dysphagia (P=0.006), SAP 

(P=0.001), tracheal intubation or ventilator (P=0.020), 
TOAST subtype (P=0.005), leukocyte (P=0.002), TG 
(P=0.007), FBG (P=0.001), as well as Hs-CRP (P=0.001).

Figure 2 showed the violin plot of YKL-40 between 
SAP group and non-SAP group. The participants in SAP 
group retained elevated levels of YKL-40 than those in 
non-SAP group (250.2 [150.7, 311.5] versus 114.6 [53.4, 
182.3], P<0.001).

Table 2 displayed the results of logistic regression 
analyses for the related factors associated with SAP 
including YKL-40 as a continuous variable. Univariate 
regression analyses showed that age, atrial fibrillation, 
smoking, drinking alcohol, diastolic blood pressure, base-
line NIHSS, dysphagia, tracheal intubation or ventilator, 
TOAST subtype, leucocyte counts, Hs-CRP and YKL-40 
might be associated with SAP (P<0.05). According to the 
multivariable logistic regression, which was adjusted for 
potential confounders mentioned above, YKL-40 (odds 
ratio [OR], 1.007; 95% confidence interval [CI] 1.004– 
1.009, P=0.001), Hs-CRP (OR, 1.030; 95% CI 1.003– 
1.060, P=0.037), leucocyte (OR, 1.135; 95% CI 1.029– 
1.258, P = 0.013), dysphagia (OR, 4.422; 95% CI 2.602– 
7.650, P=0.001), baseline NIHSS (OR, 1.146; 95% CI 
1.085–1.214, P=0.001) as well as diastolic blood pressure 

Figure 1 Patient flowchart.
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Table 1 Characteristics of Subgroups Based on the Quartiles of YKL-40

Variable First Quartile  
(n = 128)

Second Quartile  
(n = 128)

Third Quartile  
(n = 128)

Fourth Quartile  
(n = 127)

P

Demographic characteristics

Age (years) 68 (58, 74) 69 (60, 78) 69.0 (60, 78) 74 (63, 82) 0.003

Male (%) 90 (70.3) 83 (64.8) 80 (62.5) 75 (59.1) 0.293

Past medical history (%)

Hypertension 89 (69.5) 91 (71.1) 89 (69.5) 88 (69.3) 0.989
Diabetes mellitus 29 (22.7) 29 (22.7) 23 (18.0) 32 (25.2) 0.568

Dyslipidemia 14 (10.9) 17 (13.3) 23 (18.0) 16 (12.6) 0.400
Atrial fibrillation 19 (14.8) 12 (9.4) 25 (19.5) 31 (24.4) 0.011

Previous stroke 21 (16.4) 24 (18.9) 18 (14.1) 28 (22.0) 0.383

Coronary artery disease 12 (9.4) 15 (11.8) 17 (13.3) 28 (22.5) 0.022
COPD 1 (0.8) 3 (2.3) 7 (5.5) 2 (1.6) 0.089

Smoking 0.107

Never 66 (51.6) 74 (57.8) 74 (57.8) 80 (63.0)
Ever smoking 40 (31.3) 41 (32.0) 46 (35.9) 35 (27.6)

Currently smoking 22 (17.2) 13 (10.2) 8 (6.3) 12 (9.4)

Drinking alcohol 0.043
Never 78 (60.9) 86 (67.2) 81 (63.3) 86(67.7)

Ever drinking alcohol 29 (22.7) 29 (22.7) 40 (31.3) 33(26.0)

Currently drinking alcohol 21 (16.4) 13 (10.2) 7 (5.5) 8(6.3)

Clinical assessment

Systolic blood pressure (mmHg) 155 (138, 166) 150 (140, 162) 147 (133, 160) 147 (134, 166) 0.215
Diastolic blood pressure (mmHg) 89 (80, 99) 87 (80, 98) 87 (79, 99) 84 (76, 92) 0.101

Baseline NIHSS 3 (2, 5) 4 (2, 6) 6 (3, 12) 11 (4, 15) 0.001

Dysphagia (%) 32 (25.0) 32 (25.0) 38 (29.7) 54(42.5) 0.006
Previous antiplatelet (%) 14 (10.9) 22 (17.2) 13 (10.2) 26 (20.5) 0.056

Previous statin (%) 8 (6.3) 19 (14.8) 12 (9.4) 19 (15.0) 0.072

Intravenous thrombolysis (%) 40 (31.3) 42 (32.8) 46 (36.0) 44(34.6) 0.867
SAP (%) 13 (10.2) 22 (17.2) 37 (28.9) 77 (60.6) 0.001

Tracheal intubation or ventilator (%) 0 (0.0) 4 (3.1) 3 (2.3) 11 (8.7) 0.020

TOAST subtype 0.005
LAA 53 (41.4) 61 (47.7) 60 (46.9) 66 (52.0)

CE 21 (16.4) 16 (12.5) 31 (24.2) 34 (26.8)

SAO 49 (38.23) 44 (34.4) 32 (25.0) 18 (14.2)
SOE 2 (1.6) 0 (0.0) 2 (1.6) 3 (2.4)

SUE 3 (2.3) 7 (5.5) 3 (2.3) 6 (4.7)

Laboratory data

Leukocyte (10^9/L) 7.37 (5.83, 9.10) 7.14 (5.78, 8.55) 8.01 (6.21, 9.79) 8.3 (6.47, 10.39) 0.002

TC (mmol/L) 4.70 (4.10, 5.26) 4.35 (3.89, 5.21) 4.46 (3.84, 5.17) 4.33 (3.79, 5.16) 0.273
TG (mmol/L) 1.37 (0.89, 1.89) 1.30 (0.91, 1.94) 1.19 (0.88, 1.65) 1.05 (0.77, 1.54) 0.007

HDL (mmol/L) 1.07 (0.91, 1.32) 1.13 (0.91, 1.32) 1.14 (0.99, 1.40) 1.18 (0.99, 1.40) 0.093

LDL (mmol/L) 2.75 (2.1, 3.14) 2.58 (2.01, 3.19) 2.59 (2.12, 3.23) 2.44 (1.94, 3.28) 0.706
FBG (mmol/L) 5.69 (5.01, 6.71) 5.66 (4.93, 7.04) 5.64 (4.82, 6.97) 6.56 (5.37, 8.15) 0.001

Hs-CRP (mg/L) 2.15 (0.89, 5.50) 2.48 (1.14, 6.28) 4.15 (1.7, 9.38) 6.45 (3.19, 13.52) 0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; NIHSS, National Institute of Health Stroke Scale; SAP, stroke-associated pneumonia; TOAST, Trial of Org 
10172 in Acute Stroke Treatment; LAA, large-artery atherosclerosis; CE, cardioembolism; SAO, small-artery occlusion; SOE, stroke of other determined etiology; SUE, 
stroke of undetermined etiology; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FBG, fasting blood glucose; Hs-CRP, 
hyper-sensitive C-reactive protein.
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(OR, 0.978; 95% CI 0.957–0.998, P=0.033) were distin-
guished as independent related elements of SAP.

Furthermore, Table 3 showed the results of logistic 
regression analyses for the related factors associated with 
SAP including YKL-40 as quartiles. After adjusting for all 
potential confounders, Hs-CRP, leucocyte, dysphagia, 
baseline NIHSS, diastolic blood pressure and the fourth 
quartile of YKL-40 (first quartile used as the reference 
value) were identified as independent predictors for SAP. 
Compared with the first quartile, patients with YKL-40 
levels in the fourth quartile were 5.819 times (95% CI 
2.652–13.493, P = 0.001) more likely to develop SAP.

To further verified the predictive ability of YKL-40 in 
discriminating SAP, a ROC curve analysis was conducted 
as depicted in Figure 3. It showed that the optimal cutoff 
value of YKL-40 for the diagnosis of SAP was determined 
to be 206.4 ng/mL, which yielded a sensitivity of 63.1% 
and a specificity of 82.0%, with the AUC of 0.765 (95% 
CI, 0.726–0.802).

Discussion
In this hospital-based prospective observational study, we 
found that YKL-40 was a reliable predictor of SAP in AIS 
patients. The optimal cutoff value of YKL-40 to discrimi-
nate SAP was 206.4 ng/mL, and its corresponding sensi-
tivity and specificity were 63.1% and 82.0%, respectively. 
The AUC of YKL-40 with the ability to predict SAP is 
0.765. In general, a biomarker with AUC, which ranges 

from 0.70 to 0.90, represents a moderate diagnostic ability. 
Therefore, YKL-40 may be capable of predicting SAP.

In our study, the prevalence of 29.4% for SAP was in 
parallel with past researches sharing the same SAP 
definition.3,4 Our previous study presented a much higher 
frequency of stroke-associated infection (65.8%) in 
patients treated with endovascular therapy.16 This discre-
pancy may be attributed to the inclusion of different defi-
nitions about infection and higher baseline NIHSS in 
patients undergoing endovascular therapy. The results of 
our study also revealed that patients with SAP had ele-
vated levels of Hs-CRP, leucocyte, and a higher proportion 
of dysphagia as well as higher baseline NIHSS, which 
were consistent with previous studies.15,17 Additionally, 
our present study found that SAP is associated with dia-
stolic blood pressure, which has never been reported and is 
warranted to be investigated in future study.

During the pathogenesis and progression of brain 
ischemic, neuroinflammation may be extraordinarily 
critical.6,7,18 Several inflammatory biomarkers were evalu-
ated in our previous studies,15,16 suggesting that inflamma-
tory biomarkers could be considered as prognosticators and 
indicators in ischemic stroke. In recent years, YKL-40, 
a novel biomarker of inflammation, has attracted attention 
as a valuable tool to predict diseases that are characterized 
by inflammation, fibrosis and tissue remodeling.8,9 In pul-
monary diseases such as sepsis, community-acquired pneu-
monia as well as chronic obstructive pulmonary disease, 
YKL-40 was found to be correlated with disease severity.19– 

21 Currently, YKL-40 is not only associated with pulmonary 
diseases, but also considered to be an independent biomar-
ker of cardiovascular and cerebrovascular diseases, such as 
carotid artery atherosclerosis, myocardial infarction, 
ischemic stroke, spontaneous subarachnoid hemorrhage 
and intracerebral hemorrhage.10–12,22 Park et al reported 
that YKL-40 levels might be associated with stroke severity, 
infarct volume and clinical outcome of 105 Korean AIS 
patients.10 However, this is a small-size study without pro-
spective information. Another clinical study in China eval-
uated YKL-40 in 141 stroke patients and found the patients 
with elevated serum YKL-40 levels might develop unfavor-
able clinical outcome.23 Nevertheless, the finding was lim-
ited to patients with large-artery atherosclerosis stroke. It is 
unknown whether YKL-40 is also associated with SAP in 
AIS patients. To our knowledge, it was the first time that the 
possible correlation between YKL-40 and SAP in Chinese 
AIS patients was prospectively assessed, with a relatively 
large sample size.

Figure 2 Violin plot in the distribution of YKL-40 between SAP group and non-SAP 
group.
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Table 2 Logistic Regression Analyses for the Related Factors Associated with SAP Including YKL-40 as a Continuous Variable

Variable Unadjusted OR (95% 
CI)

P Adjusted OR (95% CI) P

Demographic characteristics

Age 1.032 (1.016–1.049) 0.001 1.004 (0.979–1.030) 0.755

Male 0.763 (0.516–1.133) 0.178

Past medical history

Hypertension 0.871 (0.579–1.321) 0.512
Diabetes mellitus 0.897 (0.557–1.418) 0.648

Dyslipidemia 0.891 (0.496–1.545) 0.690
Atrial fibrillation 2.608 (1.620–4.193) 0.001 0.694 (0.263–1.809) 0.457

Coronary heart disease 1.448 (0.848–2.429) 0.167

Chronic obstructive pulmonary disease 2.128 (0.674–6.512) 0.181
Previous stroke 1.486 (0.915–2.385) 0.104

Smoking

Never Reference Reference
Ever smoking 0.856 (0.561–1.296) 0.467 1.289 (0.591–2.795) 0.521

Currently smoking 0.305 (0.122–0.659) 0.005 0.894 (0.171–3.965) 0.888

Drinking alcohol

Never Reference Reference

Ever drinking alcohol 0.879 (0.561–1.362) 0.570 0.897 (0.409–1.954) 0.785
Currently drinking alcohol 0.300 (0.112–0.677) 0.008 0.349 (0.062–1.897) 0.222

Clinical assessment
Systolic blood pressure 1.001 (0.999–1.003) 0.342

Diastolic blood pressure 0.969 (0.954–0.983) 0.001 0.978 (0.957–0.998) 0.033

Baseline NIHSS 1.211 (1.167–1.260) 0.001 1.146 (1.085–1.214) 0.001
Dysphagia 4.000 (2.667–6.032) 0.001 4.422 (2.602–7.650) 0.001

Previous antiplatelet 1.088 (0.629–1.834) 0.756

Previous statin 0.917 (0.485–1.657) 0.780
Intravenous thrombolysis 1.225 (0.820–1.822) 0.318

Tracheal intubation or ventilator 9.281 (3.264–33.188) 0.001 0.408 (0.082–2.339) 0.288

TOAST subtype
LAA Reference Reference

CE 2.379 (1.480–3.839) 0.001 2.072 (0.814–5.323) 0.127

SAO 0.210 (0.104–0.389) 0.001 0.812 (0.355–1.786) 0.611
SOE 0.915 (0.129–4.353) 0.917 0.439 (0.035–3.401) 0.469

SUE 2.542 (0.985–6.653) 0.052 2.249 (0.550–9.306) 0.259

Laboratory data

Leucocyte 1.208 (1.128–1.299) 0.001 1.135 (1.029–1.258) 0.013

TC 0.847 (0.706–1.009) 0.068
TG 0.871 (0.719–1.006) 0.130

HDL 1.422 (0.803–2.505) 0.223

LDL 0.859 (0.689–0.987) 0.169
FBG 0.999 (0.979–1.009) 0.890

Hs-CRP 1.078 (1.054–1.105) 0.001 1.030 (1.003–1.060) 0.037

YKL-40 1.010 (1.008–1.012) 0.001 1.007 (1.004–1.009) 0.001

Abbreviations: SAP, stroke-associated pneumonia; NIHSS, National Institute of Health Stroke Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment; LAA, 
large-artery atherosclerosis; CE, cardioembolism; SAO, small-artery occlusion; SOE, stroke of other determined etiology; SUE, stroke of undetermined etiology; 
TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FBG, fasting blood glucose; Hs-CRP, hyper-sensitive C-reactive 
protein.
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The exact pathophysiological mechanisms responsible 
for elevated YKL-40 concentrations with SAP are unclear. 
First of all, it is generally accepted that YKL-40 is 
a glycoprotein produced by neutrophils as well as macro-
phages in response to inflammation or infection9,21 and 
thus provides knowledge regarding the risk of pneumonia. 
Moreover, it is well-known that inflammatory process is 
involved in the pathological development of ischemic 
stroke, from pre-stroke arteriosclerosis to post-stroke 
brain damage,6,7,18 among which YKL-40 is one of the 

most recognized mediators. YKL-40, on one hand, can 
activate endothelial cells to express intercellular adhesion 
molecule-1 as well as vascular adhesion molecule-1, 
which would further impair the vascular endothelial cells, 
promote vascular smooth muscle cells activation, and 
eventually exacerbate the development of 
atherosclerosis.24 On the other hand, the expression of 
YKL-40 could be activated by pro-inflammatory cyto-
kines, such as tumor necrosis factor-α, interleukin (IL)- 
1β and IL-6, which are synthesized from microglia and 
macrophages in penumbra after ischemic stroke.25,26 

These may be significant contributors to YKL-40 with 
SAP. Furthermore, Kim et al have shown that treatment 
with anti-CHI3L1 antibody could vitiate Th2 cytokine 
production as well as airway inflammation in respiratory 
syncytial virus infected animal model, suggesting an 
immunologic property of YKL-40.27 By contrast, in 
another pre-clinical animal model, Chi3L1 knockout dete-
riorated ischemia/reperfusion damage.28 It is unclear 
whether the management of serum YKL-40 levels within 
the appropriate range is beneficial or harmful in AIS, 
which deserved to be further investigated in the future.

Nevertheless, in our observational clinical research, 
there still exist several limitations that should be taken 
into account in further investigations. Firstly, the sample 
size of this observational investigation was not big, rela-
tively. Secondly, several biomarkers, which may be related 
with SAP owing to the previous studies, have not been 

Table 3 Multivariable Logistic Analyses for the Related Factors 
Associated with SAP Including YKL-40 as Quartiles

Variable Adjusted OR  
(95% CI)

P

Age 1.004 (0.980–1.029) 0.733

Atrial fibrillation 0.738 (0.282–1.903) 0.532

Smoking
Never Reference Reference

Ever smoking 1.322 (0.608–2.859) 0.478
Currently smoking 0.954 (0.188–4.214) 0.952

Drinking alcohol
Never Reference Reference

Ever drinking alcohol 0.876 (0.399–1.908) 0.740

Currently drinking alcohol 0.448 (0.085–2.319) 0.335

Diastolic blood pressure 0.976 (0.955–0.995) 0.017

Baseline NIHSS 1.149 (1.088–1.217) 0.001

Dysphagia 4.253 (2.516–7.308) 0.001

Tracheal intubation or ventilator 0.419 (0.087–2.305) 0.293

TOAST subtype

LAA Reference Reference

CE 2.011 (0.802–5.081) 0.136
SAO 0.704 (0.307–1.544) 0.391

SOE 0.416 (0.035–3.230) 0.437

SUE 1.976 (0.478–8.269) 0.348

Leucocyte 1.140 (1.034–1.261) 0.010

Hs-CRP 1.029 (1.003–1.058) 0.033

YKL-40
First quartile Reference Reference

Second quartile 1.574 (0.671–3.812) 0.303

Third quartile 1.620 (0.701–3.866) 0.265
Fourth quartile 5.819 (2.652–13.493) 0.001

Abbreviations: SAP, stroke-associated pneumonia; NIHSS, National Institute of 
Health Stroke Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment; LAA, 
large-artery atherosclerosis; CE, cardioembolism; SAO, small-artery occlusion; 
SOE, stroke of other determined etiology; SUE, stroke of undetermined etiology; 
Hs-CRP, hyper-sensitive C-reactive protein.

Figure 3 ROC curve for values of YKL-40 to predict SAP.
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examined in this study, such as serum iron, lipopolysac-
charide binding protein and sCD14.29,30 Thirdly, some 
studies have shown the association of immunosuppression 
and other unstable conditions such as renal failure, hepatic 
failure and cancer with SAP.31,32 However, these factors 
were not measured in our study protocol, and we did not 
exclude the effects of these factors on SAP. Also, we 
cannot totally exclude the underlying effect of other unde-
tected conditions such as stress biomarkers, genetic pre-
disposition on YKL-40 and COVID-19 status. Fourthly, 
we only investigated the baseline levels of YKL-40, and 
did not study the dynamic changes of YKL-40 levels. 
Serial measurements of YKL-40 may provide more objec-
tive and comprehensive information to verify the predic-
tive value of YKL-40. Moreover, we did not recruit an 
external verification cohort to confirm the conclusions of 
our study. In addition, according to the strict exclusion 
criteria and assessment, quite a few AIS patients were 
excluded, which might result in bias. Because of all the 
shortcomings mentioned above, we plan to carry out more 
well-designed prospective observational clinical trials with 
a larger sample size about SAP in the future.

Conclusion
In summary, serum YKL-40 levels may be a valuable 
noninvasive diagnostic biomarker for the occurrence of 
SAP in AIS patients, in light of the results as well as the 
conclusion of our observational research. It is useful for 
the neurologists to utilize serum levels of YKL-40 in the 
management of SAP in the clinical practice.
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