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Purpose: We aimed to examine the prognostic value of syndecan-1 as a marker of glycocalyx injury in patients with acute ischemic stroke (AIS) receiving rt-PA intravenous thrombolysis.
Methods: The study included 108 patients with AIS treated with rt-PA intravenous thrombolysis and 47 healthy controls. Patients were divided into unfavorable and favorable prognosis groups based on modified Rankin Scale scores. Univariate and multivariate logistic regression analyses were used to determine risk factors affecting prognosis. Risk prediction models presented as nomograms. The predictive accuracy and clinical value of the new model were also evaluated.
Results: Plasma levels of syndecan-1 were significantly higher in patients with AIS than in controls (p < 0.05). Univariate analysis indicated that higher levels of syndecan-1 were more frequent in patients with poor prognosis than in those with good prognosis (t = −4.273, p < 0.001). Syndecan-1 alone and in combination with other factors predicted patient outcomes. After adjusting for confounding factors, syndecan-1 levels remained associated with poor prognosis [odds ratio, 1.024; 95% confidence interval (CI), 1.010–1.038]. The risk model exhibited a good fit, with an area under the receiver operating characteristic curve of 0.935 (95% CI, 0.888–0.981). The categorical net reclassification index (NRI) and continuous NRI values were >0. The integrated discrimination improvement value was 0.111 (95% CI, 0.049–0.174, p < 0.001). Decision curve analysis indicated that the model incorporating syndecan-1 levels was more clinically valuable than the conventional model.
Conclusion: Plasma syndecan-1 levels represent a potential marker of prognosis of AIS following intravenous thrombolysis. Adding syndecan-1 to the conventional model may improve risk stratification.
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INTRODUCTION
Ischemic stroke is the leading cause of disability and the third leading cause of death worldwide, following heart disease and cancer, accounting for approximately 5.5 million deaths globally, two-thirds of which occur in developing countries. In addition, many survivors with ischemic stroke live with disabilities. Treatment for acute ischemic stroke (AIS) involves restoring perfusion to the affected cerebral area (i.e., reperfusion therapy) as soon as possible. Recombinant tissue plasminogen activator (rt-PA), an ischemic stroke treatment approved by the Food and Drug Administration, has been shown to increase the number of patients with good prognosis by 11%–13% when administered within 3 h of AIS onset. The same study conducted by the National Institute of Neurological Disorders and Stroke reported that tPA treatment reduced the frequency of disability and death at 3 months post-AIS (National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group, 1995). Subsequently, the time window for administering intravenous thrombolytic therapy with rt-PA was extended to 4.5 h, which remained associated with significant improvements in clinical outcomes.
Despite its demonstrated efficacy, rt-PA has adverse effects, including brain edema and intracranial hemorrhage (Tsuji et al., 2005). A growing body of evidence suggests that tPA mediates increases in blood–brain barrier permeability induced by cerebral ischemia (Yepes et al., 2003; Zhu et al., 2019). Animal experiments have also demonstrated that tPA treatment can induce Evans dye extravasation, increasing the expression and activity of matrix metallopeptidase 9 (MMP-9) (Zhu et al., 2019), which has been associated with late neurotoxicity (Yepes et al., 2003).
Recent studies have identified endothelial glycocalyx as an integral part of the expanded neurovascular unit given its important role in maintaining neuronal homeostasis (Stanimirovic and Friedman, 2012). Endothelial glycocalyx is composed of proteoglycan and GAG chains (van Vliet et al., 2014), forming a barrier between the blood and vessels. Notably, injury to endothelial glycocalyx appears to be the first step in blood–brain barrier dysfunction (Wang et al., 2016). Syndecans are members of the transmembrane heparan sulfate glycoprotein family that are mainly expressed on the surface of cells, including vascular endothelial cells (Chronopoulos et al., 2020). In addition, their complete extracellular domains can be shed into the extracellular environment (Faria-Ramos et al., 2021). Changes in the expression or distribution of syndecan-1 may affect the integrity of the endothelial glycocalyx and endothelial barrier function (Kim et al., 2020). Increased levels of syndecan-1 in the blood may also represent a marker of glycocalyx degradation (Yao et al., 2019), and decreased thickness of the endothelial glycocalyx has been reported in syndecan-1−/− mice (Lu et al., 2020). In this study, we aimed to examine the prognostic value of syndecan-1 levels as a marker of glycocalyx injury after thrombolysis in patients with AIS.
METHODS
This cohort study included 345 patients with acute cerebral infarction who had presented to Xuanwu Hospital of Capital Medical University within 24 h of onset between September 2018 and May 2019. A total of 145 patients received intravenous thrombolysis with rt-PA. Thirty-two patients were excluded due to incomplete medical records, incomplete follow-up data, or blood sample hemolysis. Data were analyzed for 113 patients who had received thrombolytic therapy; five patients were excluded due to abnormal plasma test results. Thus, the final analysis included 108 patients (Figure 1). A total of 47 age- and sex-matched healthy participants were included in the control group. This study was approved by the Ethics Committee of the Xuanwu Hospital of Capital Medical University.
[image: Figure 1]FIGURE 1 | Study flow chart.
Patients were eligible for this study if they met the following criteria: diagnosis of AIS, as defined by the relevant Chinese guidelines (Zhong et al., 2019); absence of low-density changes on brain computed tomography scans; willingness to participate and provide informed consent; clear neurological deficits; onset time <4.5 h; no previous cerebral infarction; and complete case and follow-up data. Exclusion criteria were as follows: history of cerebral infarction; diagnosis of hemorrhagic disease; diagnosis of malignant tumors, blood disease, or severe infection; pregnancy; diagnosis of epilepsy, mental illness, coagulation disorders, or liver/kidney dysfunction.
Collection of clinical data and blood samples
Patients with AIS were treated with rt-PA at a dose of 0.9 mg/kg. An intravenous injection containing 10% of the total amount of the drug was administered within 1 min, while a micropump was used to infuse the remaining 90% of the prescribed dose within 1 h, up to a maximum dose of <90 mg. In addition to rt-PA intravenous thrombolysis, other treatments include routine treatment of acute cerebral infarction and corresponding treatment of associated diseases (such as antihypertensive drugs for hypertension and hypoglycemic drugs for diabetes). Demographic and clinical characteristics of interest included age, sex, body mass index, medical history, smoking history, blood pressure, blood glucose levels, blood C-reactive protein (CRP) levels, blood homocysteine levels, and routine blood and biochemical indices at admission. In this study, AIS was divided into large-artery atherosclerosis (LAA), small-artery occlusion (SAO), and others (cardioembolism, unknown causes, and other causes) in accordance with the TOAST classification. In the AIS group, the degree of neurological deficits was evaluated by experienced neurologists immediately after admission using the National Institutes of Health Stroke Scale (NIHSS). The modified Rankin Scale (mRS) was used to predict patient outcomes at 3 months, with mRS scores of 0–2 and 3–6 points representing good and poor prognosis, respectively. An mRS score of 6 was defined as death. An EDTA tube was used to collect blood samples from each patient within 15 min after admission, following which rt-PA was administered for those meeting the criteria for intravenous thrombolysis. The separated plasma was stored at –80°C after centrifugation.
Plasma levels of syndecan-1
Plasma levels of syndecan-1 were detected using a Human Syndecan-1 ELISA kit (cargo number: ab46506; batch number: GR3368280-5), in accordance with the manufacturer’s instructions, using a Bio-Tek Elx800 instrument. If a sample concentration exceeded the upper limit of the detection range, the sample was diluted and re-examined.
Statistical analyses
SPSS (version 22.0; IBM Corp., Armonk, NY, United States) and R software (version 4.1.1) were used for statistical analyses. Continuous variables conforming to a normal distribution are reported as the mean ± SD and were compared using t-tests or analyses of variance. Variables not conforming to a normal distribution assumption are represented as the median (interquartile range) and were compared using Mann–Whitney U-tests. Correlations were analyzed using Spearman correlation coefficients. Categorical variables are reported as frequencies (%) and were compared using chi-square tests. Multivariate prognostic analysis was performed using a binary logistic regression model.
Least absolute shrinkage and selection operator (LASSO) regression was performed to screen variables relevant to the risk assessment model, including lambda.min and lambda.1se. Variables with non-zero regression coefficients were included in the final model. The LASSO logistic regression model was built using the glmpath package in R software. The risk prediction model was constructed by integrating the candidate independent risk factors. A nomogram was created based on the results of the logistic regression analysis. The consistency index (C-index), area under (AUC) the receiver operating characteristic curve (ROC), and smooth-fitting curve values were used to evaluate the discriminative ability of the nomogram. A calibration diagram was used to evaluate its consistency. The net reclassification improvement (NRI) and integrated discrimination improvement (IDI) values were used to examine the accuracy of the risk model and provide a baseline reference for model improvements. Decision curve analysis (DCA) was used to evaluate the clinical value of the line chart. P-values < 0.05 were considered statistically significant.
RESULTS
Patient characteristics
The distributions of age and sex were similar in the AIS (n = 108) and control groups (n = 47). Plasma levels of syndecan-1 were significantly higher in patients with AIS who had received intravenous thrombolysis than in healthy controls (t = 3.066, p = 0.0026, Figure 2A).
[image: Figure 2]FIGURE 2 | Plasma levels of syndecan-1 protein and their relationship with the neutrophil/lymphocyte ratio in different subgroups. (A) Comparison of plasma syndecan-1 levels between patients with AIS treated using intravenous thrombolysis and controls; (B) among the control group (n = 47), favorable prognosis group (n = 69), and unfavorable prognosis group (n = 39); (C) between patients treated with and without mechanical thrombectomy. (D) Correlation between syndecan-1 levels and neutrophil/lymphocyte ratio. The control group included healthy participants, while the AIS group included patients treated with intravenous thrombolysis (n = 108). *p < 0.05, **p < 0.01. AIS, acute ischemic stroke.
Baseline factors influencing prognosis in patients with AIS treated with rt-PA
Based on the mRS score at 3 months, 39 (36.11%) patients had an unfavorable prognosis; among them, 29 (74.36%) were male. Older age, history of atrial fibrillation, high CRP, treatment with mechanical thrombectomy, high blood glucose, high neutrophil count, high neutrophil/lymphocyte ratio, high NIHSS score, and high blood syndecan-1 levels were more common in patients with unfavorable prognosis than in those with favorable prognosis. Patients with LAA also tended to have poor prognosis; in contrast, patients with SAO had relatively good prognosis (p < 0.05, Table 1).
TABLE 1 | Baseline characteristics of AIS patients with mRS of ≤2 and that of >2 at 3 months.
[image: Table 1]Syndecan-1 levels and prognosis
Plasma levels of syndecan-1 were significantly higher in the unfavorable prognosis group than in the favorable prognosis group (p < 0.001, Figure 2B and Table 1). In addition, plasma syndecan-1 levels were significantly lower in the control group than in the unfavorable prognosis group (p < 0.001, Figure 2B) and significantly higher in the mechanical embolectomy group than in the non-mechanical embolectomy group (t = 2.335, p = 0.0214, Figure 2C). Syndecan-1 levels were also positively correlated with the neutrophil-to-lymphocyte ratio (p = 0.011, Figure 2D).
Variable selection
Thirty variables were screened as candidate predictors. The LASSO regression analysis yielded seven variables that most strongly correlated with adverse prognosis after thrombolysis in AIS, including age, NIHSS score, history of atrial fibrillation, mechanical thrombectomy, blood CRP level, stroke classification, and syndecan-1 level. Models with different variable configurations were tested and fitted using 10-fold cross validation. The log value of λ and AUC values were used for plotting. The model with the best performance and fewest independent variables corresponded to the λ of 0.04902451 (Figures 3A,B).
[image: Figure 3]FIGURE 3 | Screening of characteristic variables based on LASSO regression and forest map of factors influencing prognosis as determined using logistic regression. (A) The process of selecting the most suitable value for λ in the LASSO model via cross-validation method. When λ = 0.04902451 and seven parameters are selected, the LASSO regression model is most suitable; (B) The figure shows the characteristics of the variable coefficients. LASSO, least absolute shrinkage and selection operator; (C) Forest map. Note: An mRS of >2 points at 3 months was used as the dependent variable. The independent variables included age, NIHSS score, atrial fibrillation, mechanical thrombectomy, CRP, stroke classification, and syndecan-1 levels (screened out via LASSO regression). mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; CRP, C-reactive protein; LASSO, least absolute shrinkage and selection operator.
Plasma syndecan-1 levels can better predict poor prognosis
After adjusting for age, NIHSS score, history of atrial fibrillation, mechanical thrombectomy status, blood CRP levels, stroke classification, and syndecan-1 levels, logistic regression analysis (Model 2) revealed that syndecan-1 levels remained significantly associated with unfavorable prognosis in patients with AIS treated with intravenous thrombolysis (p < 0.001, Table 2). After multivariate correction, the odds ratio (OR) (95% confidence interval, 95% CI) for syndecan-1 levels was 1.024 (1.010–1.038). The optimal cutoff value of plasma syndecan-1 for determining unfavorable prognosis was 102.82 ng/ml. Subsequently, syndecan-1 levels were dichotomized into ≥102.82 and <102.82 ng/ml. Syndecan-1 levels were associated with poor prognosis as a continuous variable (OR, 1.024; 95% CI, 1.010–1.038); moreover, values of ≥102.82 ng/ml were associated with poor prognosis (OR, 34.551; 95% CI, 5.408–220.732) at 3 months in patients with AIS treated with intravenous thrombolysis (Table 2).
TABLE 2 | Syndecan-1 alone and in combination predicted the prognosis of AIS patients treated with intravenous thrombolysis.
[image: Table 2]Based on the seven variables selected by LASSO regression, an additional binary logistic regression analysis was performed. This analysis indicated that age, NIHSS score, history of atrial fibrillation, and high plasma syndecan-1 levels were associated with poor prognosis (p < 0.05, Figure 3C).
Prognostic nomogram
The risk assessment models were converted into nomograms (Figure 4A). The crude and bootstrap-corrected C-index values for the nomogram were 0.935 (95% CI, 0.888–0.981) and 0.898, respectively. The predictive probability of the nomogram was in good agreement with the actual probability observed. The risk model exhibited a better fit (Figure 4B), with an AUC of 0.935 (95% CI, 0.888–0.981) (Figure 4C), as well as good discriminative ability and accuracy. The classification and continuous NRI values for the unfavorable and favorable prognosis groups were greater than 0, indicating that the predictive accuracy of the risk model was better. The IDI was 0.111 (95% CI, 0.049–0.174, p < 0.001), also highlighting the better predictive ability of the risk model (Table 3).
[image: Figure 4]FIGURE 4 | Nomograms for predicting prognosis using the risk model and evaluation of the prediction model. (A) Nomograms for predicting prognosis based on the risk model; (B) plots depicting the calibration of the risk model; (C) ROC plot based on nomograms for prognosis; (D) decision curve analysis of the model for predicting AIS prognosis following thrombolytic treatment. ROC, receiver operating characteristic.
TABLE 3 | NRI and IDI differences between the old and new models.
[image: Table 3]Risk following rt-PA treatment for AIS patients based on nomogram scores
The optimal threshold for the nomogram based on the risk model was a score of 133.92. The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of the risk model for differentiating prognosis were 90%, 88%, 89%, 81%, and 94%, respectively (Table 4).
TABLE 4 | Accuracy of the Prediction Score of the Nomogram for Estimating the Risk of prognosis of AIS patients treated with intravenous thrombolysis.
[image: Table 4]Clinical application
DCA quantifies the net benefit of different threshold probabilities in a dataset to determine the clinical value of a nomogram. The DCA results suggested that the risk model, which included syndecan-1 levels, exhibited a better ability to predict AIS prognosis following rt-PA treatment than the conventional model (Figure 4D). These findings suggest that the nomogram has some clinical value.
DISCUSSION
Ischemic stroke is the leading cause of death and disability worldwide, and its incidence is expected to increase given aging of the global population (Paul and Candelario-Jalil, 2021). Diagnostic biomarkers have been used in the context of stroke diagnosis for decades (Bsat et al., 2021), although rapid assessment and management are essential for improving patient prognosis. Syndecan-1 is a major marker of glycocalyx degradation, levels of which are elevated in the peripheral plasma of affected patients. In this study, we examined the prognostic value of syndecan-1 levels as a marker of post-thrombolysis glycocalyx injury in patients with AIS.
Previous studies have reported that ischemia/reperfusion injury can promote glycocalyx degradation (Rehm et al., 2007). However, DellaValle et al. observed no changes in syndecan-1 levels following onset in 10 patients with AIS (DellaValle et al., 2019). An animal study by Zhu et al. demonstrated that, after acute middle cerebral artery occlusion, plasma syndecan-1 levels began to rise at 1 h, peaking at 6 h, gradually decreasing thereafter, and increasing again on days 5 and 7 (Zhu et al., 2021). However, to our knowledge, no previous studies have examined the correlation between syndecan-1 levels and poor prognosis in patients with acute cerebral infarction undergoing thrombolysis. The present study is first to show that elevated plasma syndecan-1 levels may be associated with poor prognosis in patients with AIS treated with intravenous thrombolysis. Moreover, adding syndecan-1 levels to the conventional risk assessment model increased model discrimination and accuracy. These findings indicate that syndecan-1 levels may play an important role in the pathophysiology of AIS, highlighting their potential as a target in the diagnosis and treatment of patients with AIS following intravenous thrombolysis.
Previous studies have demonstrated that inflammation plays a role in the development of AIS (Gasbarrino et al., 2019; Rivera-Caravaca et al., 2019) and may affect patient prognosis. High levels of circulating syndecan-1 may contribute to such inflammation (Johansson et al., 2011). Stroke severity is typically evaluated using the NIHSS, with higher scores generally indicating a worse prognosis following AIS. In addition, age has been identified as a risk factor for poor AIS prognosis following treatment with intravenous thrombolysis. Age also increases the risk of ischemic stroke and reduces the likelihood of recovery following damage to the neurovascular unit (Soriano-Tárraga et al., 2017). In the present study, patients with AIS that underwent concurrent mechanical thrombectomy exhibited poorer prognosis than their counterparts, which may have been related to the severity of cerebrovascular disease and the extent of the infarction. Atrial fibrillation has also been associated with poor prognosis and may be a marker of poor cardiac function. Patients with macrovascular disease may present with cerebral infarction of a larger extent, resulting in more severe neurological deficits and poor prognosis.
In the univariate analysis, plasma syndecan-1 levels were higher among patients with poor prognosis after intravenous thrombolysis than among those with good prognosis. Multivariate logistic regression analysis verified that syndecan-1 levels were associated with poor prognosis. Furthermore, addition of syndecan-1 levels to the conventional risk prediction model significantly improved its prognostic efficiency. In this study, a nomogram was used to visualize the prediction model; the AUC and fitting curve were used to determine the discrimination and consistency of the prediction model. The NRI and IDI values were used to evaluate model accuracy. Overall, the new risk model incorporating syndecan-1 exhibited better discriminative ability, consistency, and accuracy than the conventional model. DCA revealed that the new model had greater clinical value than the conventional model. This study is first to report that syndecan-1 levels in patients with AIS undergoing intravenous thrombolysis may predict prognosis, highlighting its potential value as a biomarker for risk stratification. Improved stratification may aid in identifying patients at the greatest risk for poor prognosis, which may in turn facilitate early diagnosis and treatment, thereby improving outcomes.
Presently, rt-PA thrombolysis is the only AIS treatment approved by the Food and Drug Administration. However, the clinical use of rt-PA is limited to less than 5% of patients because of the narrow treatment window (Kleindorfer et al., 2008). Delayed rt-PA treatment increases the risk of cerebral edema and hemorrhage, increasing the risk of mortality in this patient group (Mohr, 2000). In general, rt-PA may trigger bleeding by weakening the blood–brain barrier. Upon entering the brain, rt-PA induces cytokine production and activates MMP-9 (Tsuji et al., 2005). Research has indicated that use of hyperbaric oxygen with rt-PA can reduce the extent of rt-PA-related bleeding, likely by strengthening the blood–brain barrier (Kim et al., 2005). Preventing damage to the blood–brain barrier can help protect the brain and reduce the risk of tPA-related adverse events, thereby extending the treatment window. In rodent experiments, rt-PA has been shown to aggravate ischemia-induced damage to the blood–brain barrier by enhancing the proteolytic activity of MMP-9 (Pfefferkorn and Rosenberg, 2003; Wang et al., 2003). Studies involving human patients with stroke have demonstrated that high plasma MMP-9 levels before treatment are more likely to result in cerebral hemorrhage complications after rt-PA therapy (Zhong et al., 2019). MMP inhibitors may prevent the premature opening of the blood–brain barrier and reduce the risk of bleeding and death when rt-PA is administered during stroke (Lapchak et al., 2000). Since glycocalyx is an important component of the blood–brain barrier, inhibiting glycocalyx degradation may protect the blood–brain barrier and reduce rates of bleeding, especially in patients with nerve damage caused by rt-PA. This may help to reduce mortality following rt-PA thrombolysis and safely extend the treatment window. Glycocalyx degradation inhibitors combined with rt-PA thrombolytic therapy may therefore help to improve the treatment of acute cerebral infarction.
CONCLUSION
The current findings demonstrate that incorporating plasma syndecan-1 levels may help to improve the risk stratification of patients with acute cerebral infarction undergoing intravenous thrombolysis. Plasma syndecan-1 levels combined with clinical and imaging test results may therefore aid in identifying patients at the greatest risk for poor outcomes. However, large-scale, multi-center studies are required to validate the present findings.
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prognosis (n = 69) (n=39)
Demographic characteristics[n(%) OR median (IQR) OR “x # s]
Male, n (%) 85 (78.70) 56 (81.16) 29 (74.36) 0.466
Age, y, (x £5) 6430 £ 1261 6123 + 10.92 6972 + 13.68 0.001
Body mass index, kg/m2 2484 (23.85, 26.74) 25 (23.75, 26.73) 24559 (23.85, 26.80) 0.595
Medical history [n (%)]
Hypertension 78 (72.22) 50 (72.46) 28 (71.79) 0.556
Diabetes mellitus 37 (34.26) 23 (33.33) 14 (35.90) 0.835
Hypercholesterolemia 50 (46.30) 34 (49.28) 16 (41.03) 0.266
Coronary artery disease 21 (19.44) 13 (18.84) 8 (20.51) 0511
Atrial fibrillation 9 (8.33) 3(435) 6(15.38) 0.046
Smoking habit 46 (42.59) 33 (47.83) 13 (33.33) 0.103
Stroke characteristics and treatment [n(%) OR median (IQR)]
Onset-to-treatment time, h 220 (120, 3.38) 2.5 (1.20, 3.40) 2 (1.20, 3.30) 0.699
Mechanical thrombectomy 21 (19.44) 6 (8.70) 15 (38.46) <0.001
Stroke classification[n (%)]
LAA 65 (60.19) 36 (52.17) 29 (74.36) 0.024
SAO 36 (33.33) 28 (40.58) 8 (20.51) 0.034
Others 7 (6.48) 5(7.25) 2 (5.13) 0.668
Complication
SICH 2019 1(14) 2(51) 0295
General evaluation of admission[n(%) OR median (IQR) OR “x £ s]
Systolic blood pressure, mm Hg 150 (140, 168) 150 (139.50, 168.00) 150 (140.00, 168.00) 0.734
Diastolic blood pressure, mm Hg 8250 (74.25, 92.75) 82 (73.50, 93.00) 86 (75.00, 92.00) 0.885
Blood glucose concentration, g/L 7.90 (6,52, 10.30) 7.40 (620, 9.70) 890 (7.60, 11.10) 0.026
Glycated hemoglobin 615 (560, 7.30) 6 (560, 7.20) 620 (570, 7.30) 0512
CRP, mg/L 213 (112, 5.89) 1.89(0.80, 4.17) 589 (175, 12.31) <0.001
Homocysteine, umol/L 14.80 (11.60, 17.40) 145 (11.40, 18.35) 149 (12.20, 16.10) 0.883
TC, mmol/L. 171 (1.03, 2.70) 176 (1.10, 2.74) 17 (0.99, 2.63) 0.468
Cholesterol, mmol/L 462 + 106 462+ 111 46+ 1.0 0922
HDL, mmol/L 112 (0.94, 1.30) 112 (0.96, 1.36) 106 (0.89, 1.27) 0.359
LDL, mmol/L 265 %092 264 + 097 274082 0.786
NIHSS score 50,12) 5(3,650) 12.00 (6, 18) <0.001
WBC, x109/L 7.38 (6.14, 9.14) 7.20 (576, 8.79) 7.87 (6.52, 10.61) 0.120
Neutrophils, x109/L 471 (371, 654) 447 (3.53, 5.67) 537 (4.6, 7.95) 0.025
Lymphocytes, x109/L. 183 (132, 2.26) 1.90 (1.52, 2.33) 148 (116, 2.19) 0,053
Neutrophil-to-lymphocyte ratio 261 (1.84, 447) 2.35 (166, 3.46) 335 (242, 5.55) 0010
Platelet count, x1,000/mm3 2085 (175, 242) 220 (177.50, 245) 201 (167, 232) 0.065
Syndecan-1,ng/mL 13119 + 5435 115.60 + 4771 158.77 + 5497 <0.001

NIHSS, NIH stroke scale; IQR, interquartile range; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, triglyceride; SICH, symptomatic intracranial
hemorrhage.
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OR (95%CI) p value OR (95%CI) p value
Biomarkers (as continuous variables)
Syndecan-1* 1.016 (1008, 1.025) <0.001 1.024 (1010, 1.038) <0.001
Biomarkers (as categorical variables)
Syndecan-1, 2102.82 ng/ml® 11657 (3.278, 41.461) <0.001 34,551 (5.408, 220.732) <0.001

MODEL 2: mRS of >2 points at 3 months was the dependent variable; covariates included age, NIHSS score, history of atrial fibrillation, mechanical thrombectomy, blood CRP, stroke
classification, blood syndecan-1(screened out by the LASSO regression)

*Continuous variable.

bCategorical variable.
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