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ABSTRACT 

Pneumonia remains a major global health challenge, with significant mortality rates and complications such as acute lung injury (ALI) 
and acute respiratory distress syndrome (ARDS). In severe cases, mechanical ventilation becomes essential for managing respiratory 
failure but can also worsen lung injury through ventilator-induced lung injury (VILI). During lung injury, such as in severe pneumonia, 
Syndecan-1 (SDC-1) is shed from the cell surface into circulation and the alveolar space. Elevated SDC-1 levels have been associated 
with the severity of lung injury, making it a potential biomarker for assessing disease progression and guiding treatment strategies. The 
purpose of this study is to look into the potential of SDC-1, a glycocalyx component, as a predictive biomarker for lung damage severity 
in pneumonia patients requiring mechanical ventilation. Bronchoalveolar lavage (BAL) samples were obtained from 30 patients in an 
Intensive Care Unit (ICU), and SDC-1 levels were determined using ELISA. Elevated SDC-1 levels were associated with greater Lung 
Injury Scores (LIS) and severe hypoxemia (p < 0.001). Patients with severe lung injury had significantly greater SDC-1 levels than those 
with mild-to-moderate injury, indicating that SDC-1 reflects the severity of alveolar epithelial damage and impeded gas exchange. These 
data suggest that SDC-1 might be a useful biomarker for tracking lung damage development and directing treatment therapies in 
mechanically ventilated pneumonia patients. 
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Introduction   

Data from the Global Burden of Disease (GBD) study in 2019 

shows that the global incidence of lower respiratory infections, 

including pneumonia, reached 489 million cases [1]. Indonesia 

has one of the highest pneumonia mortality rates in Southeast 

Asia, with adult cases showing a mortality rate of up to 11.3% 

[2]. Given its high incidence and mortality, pneumonia often 

leads to severe complications such as acute lung injury (ALI) and 

acute respiratory distress syndrome (ARDS), both of which can 

dramatically worsen patient outcomes. ALI can manifest through 

several pathological patterns, including diffuse alveolar damage 

(DAD), organizing pneumonia (OP), and acute eosinophilic 

pneumonia (AEP). DAD causes extensive damage to the alveolar 

epithelium and endothelium, resulting in increased permeability, 

pulmonary edema, and decreased gas exchange, which is 

sometimes visible as ground-glass opacification and hyaline 

membrane development [3]. 
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ALI in pneumonia is primarily caused by microbial invasion, 

aggravated by the host’s immune response, which leads to 

inflammation and lung parenchymal damage. This triggers the 

release of inflammatory mediators, increases permeability, and 

causes alveolar exudation, leading to hypoxemia and, in severe 

cases, ARDS or multi-organ failure. Mechanical ventilation, 

while essential for managing respiratory failure, can exacerbate 

lung injury through ventilator-induced lung injury (VILI) by 

causing barotrauma and biotrauma [4]. Studies have shown that 

prolonged mechanical ventilation not only increases the risk of 

pneumonia but also leads to worse clinical outcomes, including 

longer Intensive Care Unit (ICU) stays and higher mortality rates 

[5]. In pneumonia patients, VILI increases the risk of ARDS and 

worsens outcomes. Studies have shown that mechanical 

ventilation can exacerbate endothelial injury, leading to 

increased levels of Syndecan-1 (SDC-1) in circulation. Elevated 

serum SDC-1 levels have been found to correlate with the 

severity of conditions like COVID-19, suggesting that SDC-1 

shedding can serve as a useful biomarker for monitoring disease 

progression and treatment efficacy [6]. Furthermore, glycocalyx 

degradation, including the loss of SDC-1, is frequently observed 

in inflammatory states such as sepsis and ARDS [7]. This 

degradation is thought to be mediated by inflammatory 

proteases, which are elevated in critically ill patients, further 

linking mechanical ventilation to endothelial dysfunction [7]. 

Similarly, in pneumonia, particularly in severe cases requiring 

mechanical ventilation, SDC-1 shedding is linked to extensive 

alveolar and endothelial injury. The severity of lung injury can be 

assessed using scoring systems such as the Lung Injury Score 

(LIS), which evaluates clinical and radiological parameters, with 

higher scores indicating more severe injury [8]. In pneumonia, 

bronchoalveolar lavage fluid (BALF) analysis is a powerful tool 

for accurately identifying pathogens, guiding treatment, and 

reflecting inflammatory activity indicative of underlying 

pathology [9]. 

The alveolar epithelium plays an important role in gas exchange 

by maintaining barrier integrity via glycocalyx components such 

as SDC-1; however, during pulmonary inflammation, this 

integrity is impaired, resulting in SDC-1 shedding into the 

alveolar space [10]. While most studies concentrate on plasma 

levels of SDC-1, which might be altered by comorbidities, 

research on alveolar shedding is limited [8]. Understanding SDC-

1's involvement in lung damage might help improve early 

detection, predict disease progression, and guide targeted 

therapies. This study will look at whether SDC-1 may be used as 

a biomarker to measure lung damage severity in pneumonia 

patients requiring mechanical ventilation.  

Materials and Methods 

Study design and setting 
This cross-sectional observational analytic study was conducted 

in the ICU of dr. Soetomo General Academic Hospital, Surabaya, 

Indonesia, from September to December 2023. The study 

population consisted of pneumonia patients on mechanical 

ventilation, with samples selected based on inclusion and 

exclusion criteria. Consecutive sampling was applied, and data 

were collected within the first 72 hours following the indication 

for bronchoscopy, a minimum sample size of 30 determined 

through standard statistical methods. There was no follow-up 

period, focusing on a one-time measurement of SDC-1 levels and 

corresponding lung injury severity at the time of sampling. 

Study participants 
The study population comprised pneumonia patients on 

mechanical ventilation admitted to the ICU at Dr. Soetomo 

General Academic Hospital. This study uses inclusion and 

exclusion criteria to minimize selection bias. The inclusion 

criteria consisted of pneumonia patients on mechanical 

ventilation in the ICU who required bronchoscopy. Additionally, 

informed consent had to be obtained from the patients' families 

or legal guardians. Exclusion criteria are patients with other 

pulmonary conditions such as COVID-19 pneumonia, 

pulmonary tuberculosis, lung cancer, pulmonary trauma, 

cardiogenic pulmonary edema, or ARDS. The sample size was 

calculated using the following formula: 

𝑛 = {(𝑍1 − 𝑎𝑙𝑓𝑎/2 +  𝑍1 − 𝑏𝑒𝑡𝑎) / 1/2 𝑙𝑜𝑔𝑒 (1 

+  𝑟 / 1 −  𝑟)}2 +  3 
(1) 

This calculation resulted in 30 patients who were selected 

through consecutive sampling. Ethical approval was obtained 

from the Ethical Committee of Dr. Soetomo Academic General 

Hospital, Surabaya, Indonesia (0770/KEPK/IX/2023). The 

patients provided their signed informed consent prior to the 

study. 

Study variables 
The study variables included independent, dependent, and 

intermediary factors. The independent variable was the analysis 

of SDC-1 levels in BALF from pneumonia patients on mechanical 

ventilation. The dependent variable was the severity of 

pneumonia. The intermediary variables encompassed the 

patient's identity, vital signs, comorbidities, supporting clinical 

examinations, and the LIS. SDC-1 levels were measured from 

BALF using an enzyme-linked immunosorbent assay (ELISA) kit, 

ensuring precise quantification. Lung injury severity, the primary 

outcome, was assessed using the Lung Injury Score (LIS), which 

incorporated oxygenation, chest X-ray, Positive End-Expiratory 

Pressure (PEEP), and compliance data. Demographic and clinical 

variables, such as age, gender, comorbidities, and vital signs, 

were collected from patient records and standardized clinical 

examinations. 

Measurement of biomarker 
BAL samples were obtained during the first three days of 

hospitalization from intubated pneumonia patients in the 

intensive care unit (ICU) by bronchoscopy for this investigation 

[11-13]. After inserting the bronchoscope into the airways and 
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instilling a sterile 0.9% NaCl solution, around 10–20 ml of BALF 

was aspirated and kept at -20°C until analysis. The soluble SDC-

1 levels in the BALF were determined using an ELISA kit from 

Elabscience, USA, after the BAL samples were sent in styrofoam 

boxes with dry ice to the Clinical Pathology Laboratory at RSUD 

Dr. Soetomo, Surabaya. Since SDC-1 is released into the BALF 

after lung injury, this technique yielded accurate SDC-1 values 

that gave information on the degree of lung epithelial damage in 

pneumonia patients [14-16]. 

Statistical analysis 
Descriptive statistics were used to summarize demographic and 

clinical characteristics. Quantitative variables, such as SDC-1 

levels and LIS, were analyzed using descriptive statistics. 

Continuous variables were tested for normality using the 

Shapiro-Wilk test. Normally distributed data were presented as 

means with standard deviations, while non-normally distributed 

data were reported as medians and ranges. For comparisons, the 

patients were grouped based on the severity of lung injury (mild-

to-moderate vs. severe), with the grouping chosen to explore the 

relationship between SDC-1 levels and the extent of lung 

damage. A significance level of p < 0.05 was considered 

statistically significant. The correlation between SDC-1 levels 

and LIS was analyzed using Spearman’s rank correlation. 

Results and Discussion  

The study included 30 patients diagnosed with pneumonia and 

requiring mechanical ventilation in the ICU at RSUD dr. 

Soetomo, Surabaya. The study spanned from September to 

December 2023. The patient's demographic and clinical 

characteristics are summarized in Table 1.  

 

Table 1. Degree of LIS and SDC-1 Levels Based on Study Subject Characteristics. 

Variable Value, n (%) 

Degree of Lung Injury Based on LIS 

p 

SDC-1 Levels 

p Mild-moderate,  

n (%) 
Severe, n (%) Low, n  (%) High, n (%) 

Gender 

Male 

Female 

17 (56,7) 

13 (43,3) 

14 (58,3) 

10 (41,7) 

3 (50) 

3 (50) 
1,000 

14 (58,3) 

10 (41,7) 

3 (50) 

3 (50) 
1,000 

Age (years) 

18 − 20 

21 − 30 

31 − 40 

41 − 50 

51 − 60 

≥61 

50,8 ± 18,04 

1    (3,3) 

6   (20,0) 

2   (6,7) 

4   (13,3) 

7   (23,3) 

10 (33,3) 

 

1   (4,2) 

3   (12,5) 

1   (4,2) 

4   (16,7) 

6   (25) 

9   (37,5) 

 

0 (0) 

3 (50) 

1 (16,7) 

0 (0) 

1 (16,7) 

1 (16,7) 

0,128 

 

1   (4,2) 

3   (12,5) 

1   (4,2) 

4   (16,7) 

6   (25) 

9   (37,5) 

 

0 (0) 

3 (50) 

1 (16,7) 

0 (0) 

1 (16,7) 

1 (16,7) 

0,128 

Body Mass Index/BMI (kg/m2) 

<18,50 

18,50 − 24,99 

25,0 − 29,99 

30,0 − 34,9 

24,04 ± 4,05 

1    (3,3) 

18 (60) 

8   (26,7) 

3   (10) 

 

1   (4,2) 

13 (54,2) 

8  (33,3) 

2  (8,3) 

 

0 (0) 

5 (83,3) 

0 (0) 

1 (16,7) 

0,495 

 

1   (4,2) 

13 (54,2) 

8  (33,3) 

2  (8,3) 

 

0 (0) 

5 (83,3) 

0 (0) 

1 (16,7) 

0,495 

Comorbidities* 

None 

Present: 

Hypertension 

Diabetes mellitus 

Heart failure 

Chronic kidney failure 

Stroke 

Neuromuscular disorder 

Pleura disorder (effusion) 

Other 

 

3   (10) 

27 (90) 

6   (20) 

6   (20) 

2   (6,7) 

3   (10) 

7   (23,3) 

10 (33,3) 

6   (20) 

3   (10) 

 

1    (4,2) 

23 (95,8) 

5   (20,8) 

4   (16,7) 

1   (4,2) 

2   (8,3) 

6   (25) 

8   (33,3) 

4   (16,7) 

3   (12,5) 

 

2 (33,3) 

4 (66,7) 

1 (16,6) 

2 (33,3) 

1 (16,7) 

1 (16,7) 

1 (16,7) 

2 (33,3) 

2 (33,3) 

0 (0) 

0,094 

 

1    (4,2) 

23 (95,8) 

5   (20,8) 

4   (16,7) 

1    (4,2) 

2   (8,3) 

6   (25) 

8   (33,3) 

4   (16,7) 

3   (12,5) 

 

2 (33,3) 

4 (66,7) 

1 (16,7) 

2 (33,3) 

1 (16,7) 

1 (16,7) 

1 (16,7) 

2 (33,3) 

2 (33,3) 

0 (0) 

0,094 

Other Risk Factors for Pneumonia* 

Not present 

Present: 

Smoking 

Decreased consciousness (not due to sedation) 

Seizures 

Vomiting 

Choking 

Prolonged immobilization 

Used NGT or ETT 

 

7   (23,3) 

23 (76,7) 

1    (3,3) 

12  (40) 

1    (3,3) 

2   (6,7) 

4   (13,3) 

12 (40) 

10 (33,3) 

 

7   (29,2) 

17 (70,8) 

1   (4,2) 

11 (45,8) 

1   (4,2) 

1   (4,2) 

3   (12,5) 

9  (37,5) 

8  (33,3) 

 

0 (0) 

6 (100) 

0 (0) 

1 (16,7) 

0 (0) 

1 (16,7) 

1 (16,7) 

3 (50) 

2 (33,3) 

0,290 

 

7   (29,2) 

17 (70,8) 

1   (4,2) 

11 (45,8) 

1   (4,2) 

1   (4,2) 

3   (12,5) 

9   (37,5) 

8   (33,3) 

 

0 (0) 

6 (100) 

0 (0) 

1 (16,7) 

0 (0) 

1 (16,7) 

1 (16,7) 

3 (50) 

2 (33) 

0,290 

Pneumonia Diagnosis 

CAP 

HAP 

VAP 

 

13 (43,3) 

9   (30,0) 

8   (26,7) 

 

10 (41,7) 

7   (29,2) 

7   (29,2) 

 

3 (50) 

2 (33,3) 

1 (16,7) 

0,825 

 

10 (41,7) 

7   (29,2) 

7   (29,2) 

 

3 (50) 

2 (33,3) 

1 (16,7) 

0,825 

*) Each study subject may have more than one comorbidity or risk factor 
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The majority of the patients were male (56.7%), and the mean 

age was 50.8 ± 18.04 years. Most patients were aged 51 years or 

older, with the highest proportion (33.3%) in the ≥61 years age 

group. The mean body mass index (BMI) was 24.04 ± 4.05 

kg/m², with most patients having a normal BMI (18.50-24.99 

kg/m², 60%). Comorbid conditions were prevalent among the 

study population, with 90% of patients having at least one 

comorbidity. Neuromuscular disorders (33.3%) and stroke 

(23.3%) were the most common comorbidities. Other 

significant risk factors for pneumonia included impaired 

consciousness (40%), prolonged immobilization (40%), and 

long-term use of nasogastric or endotracheal tubes (33.3%). The 

types of pneumonia diagnosed were community-acquired 

pneumonia (CAP) in 43.3%, hospital-acquired pneumonia 

(HAP) in 30%, and ventilator-associated pneumonia (VAP) in 

26.7% of the patients. No significant differences in LIS were 

observed across various demographic or clinical variables, 

including gender, age, BMI, presence of comorbidities, or type 

of pneumonia (p > 0.05). However, severe lung injury was more 

frequently observed in younger patients (21-30 years), those 

with normal BMI, and those with comorbid conditions and 

additional pneumonia risk factors. 

The box plot in Figure 1 shows that most subjects have 

consistent SDC-1 levels in BAL fluid, with a tight distribution 

around the median. However, the outliers indicate that a few 

subjects have significantly higher SDC-1 levels, suggesting more 

severe lung injury.

 

 
Figure 1. The distribution of soluble epithelial SDC-1 values (ng/mL) in the BAL of the study subjects. 

 

SDC-1 concentrations in BALF were measured in Table 2 to 

assess their potential role as biomarkers for pneumonia severity. 

The LIS was used to evaluate the severity of lung injury in the 

study subjects. Most patients (80%) fell into the mild to 

moderate lung injury category (LIS 1-2.5). Patients with severe 

lung injury (LIS >2.5) had markedly higher SDC-1 levels (mean 

5.61 ng/mL, range 1.42-9.83 ng/mL).

 

Table 2. Degree of Lung Injury in Study Subjects Based on LIS. 

LIS Category 
SDC-1 (ng/mL) 

n (%) Range Mean Median Standard Deviation 

Mild-moderate (1-2,5 points) 24 (80) 0,02-1,15 0,59 0,58 0,33 

Severe (>2,5 points) 6   (20) 1,42-9,83 5,61 5,79 3,54 

Total 30 (100) 0,02-9,83 1,60 0,74 2,53 

 

The receiver operating characteristic (ROC) curve in Figure 2 

demonstrates that SDC-1 levels accurately differentiate between 

different degrees of lung injury, with an AUC of 1.000 and both 

sensitivity and specificity at 100%. This suggests that SDC-1 is a 

reliable biomarker for assessing lung injury severity in the study 

population.  

The cut-off value of 1.15 ng/mL for high SDC-1 concentration 

was established using ROC curve analysis, highlighting its strong 

diagnostic potential in lung injury assessment. At this threshold, 

the biomarker demonstrates 100% sensitivity, specificity, 

positive predictive value (PPV), and negative predictive value 

(NPV).
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Figure 2. The ROC curve is based on the distribution of SDC-1 values in relation to the degree of LIS among the study subjects. 

 

In this investigation, a high SDC-1 concentration was defined as 

>1.15 ng/mL.  The Shapiro-Wilk test resulted in a p-value < 

0.05, suggesting that the SDC-1 data was not regularly 

distributed. The relationship between SDC-1 and LIS was 

investigated using Spearman's Rho and Chi-square tests. A 

Spearman's rank correlation analysis of SDC-1 concentrations 

and LIS scores reveals a significant association (rs = 0.429, p = 

0.018), implying that higher SDC-1 concentrations are related 

with greater lung damage severity. Figure 3's curve fit 

correlation indicates a positive association between SDC-1 levels 

in BAL fluid and LIS, showing that greater SDC-1 levels are 

linked with more serious lung damage.

 

 
Figure 3. Curve fit correlation of the distribution of soluble epithelial alveolar SDC-1 values in BAL and LIS values. 

The chi-square test in Table 3 revealed a significant link between 

SDC-1 levels and LIS severity (p < 0.001). All subjects with 

severe LIS had high SDC-1 levels, while those with mild-

moderate LIS had low levels. This result also demonstrates a 

significant correlation between LIS severity and SDC-1 levels in 

BALF, as determined by the Mann-Whitney test (p < 0.001). All 

subjects with severe LIS exhibited elevated SDC-1 levels, while 

those with mild to moderate LIS had lower SDC-1 levels. 

Additionally, significant correlations were observed for the 

PaO2/FiO2 (P/F) ratio (p = 0.005) and PEEP (p = 0.007), 

whereas no significant associations were found for chest X-ray (p 

= 0.059) or Cstat (p = 0.163). These findings suggest that SDC-

1 is strongly associated with certain components of lung injury 

severity. 

 

Table 3. Correlation of LIS and Soluble Alveolar Epithelial SDC-1 in BAL Fluid 

Parameter n 
SDC-1 BAL 

p 
Low, n (%) High, n (%) 

LIS Category 
Mild-moderate 24 24 (100) 0 

<0,001 
Severe 6 0 6 (100) 

LIS components 

Chest x-ray 

1 

2 

3 

7 

8 

15 

7 (100) 

7 (87,5) 

10 (66,7) 

0 

1 (12,5) 

5 (33,3) 

0,059 
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P/F ratio 

0 

1 

2 

3 

4 

3 

8 

2 

15 

2 

3 (100) 

8 (100) 

2 (100) 

11 (73,3) 

0 

0 

0 

0 

4 (26,7) 

2 (100) 

0,005 

PEEP 

0 

1 

2 

9 

17 

4 

9 (100) 

14 (82,4) 

1 (25) 

0 

3 (17,6) 

3 (75) 

0,007 

Cstat 

1 

2 

3 

4 

1 

6 

9 

14 

1 (100) 

6 (100) 

7 (77,8) 

10 (71,4) 

0 

0 

2 (22,2) 

4 (28,6) 

0,163 

 

People with risk factors are more susceptible to pneumonia. In 

this study, the highest number of cases was found in subjects aged 

≥61 years (33.3%), which aligns with existing literature showing 

that pneumonia risk increases with age. This includes diminished 

function of dendritic cells and T cells, thymic involution, 

reduced immune cell regeneration, and heightened inflammation 

(inflammaging), all of which impair the body’s ability to fight 

infection and respond to vaccination [17]. Studies have shown 

that older patients, particularly those over the age of 75, exhibit 

higher mortality rates when suffering from severe pneumonia. 

This increased vulnerability is attributed to the age-related 

decline in immune function, which can exacerbate the severity of 

lung injury and complicate recovery [18]. While age is a 

significant factor, gender also influences pneumonia risk. This 

comprehensive review reinforces the conclusion that females 

benefit from genetic and epigenetic mechanisms such as X 

Chromosome Inactivation (XCI) escape and microRNA 

(miRNA) abundance, which enhance immune efficacy. In 

contrast, males face vulnerabilities due to loss of the Y (LOY) 

chromosome, limited X-linked gene dosage, and lower miRNA 

diversity [19]. These disparities underlie the higher rates of 

infections and worse outcomes in males [20]. Supporting this 

theory, this study found more male cases (56.7%) than female 

[21]. In addition, BMI may influence pneumonia outcomes, 

although the relationship is not linear and can depend on 

individual health profiles [22, 23]. One study found that low BMI 

is a critical characteristic among older adults with aspiration 

pneumonia, where it was associated with poorer outcomes. The 

study provides both statistical and pathophysiological reasoning 

that low BMI, as a marker of malnutrition and frailty, impairs 

resilience and recovery, thereby increasing the mortality risk in 

aspiration pneumonia patients [24]. Conversely, obesity can 

reduce lung volumes and impair respiratory mechanics, 

complicating pneumonia management [25]. These findings 

contrast with most patients in this study, who had a normal BMI, 

suggesting that other factors, such as comorbidities, may play a 

larger role in increasing pneumonia risk. In this study, 90% of 

subjects had comorbid conditions, with neuromuscular disorders 

like stroke being the most common. Neuromuscular diseases 

increase pneumonia risk by impairing cough and swallowing, 

leading to secretion retention and aspiration from weakened 

respiratory muscles [26]. Chronic conditions like Chronic 

Obstructive Pulmonary Disease (COPD), stroke, and 

hypertension weaken the immune response, making it harder for 

the body to fight infections [27]. Moreover, additional factors 

such as long-term immobility and impaired consciousness further 

increase the risk of pneumonia, particularly through aspiration. 

In this study, 43.3% of subjects were diagnosed with CAP, which 

is consistent with previous studies showing that CAP is the most 

common type of pneumonia across different populations, such as 

the United States and Sweden [28]. 

In a study involving murine models, it was demonstrated that 

pneumonia infection led to significant lung injury, as evidenced 

by increased levels of BAL albumin, indicating disruption of the 

alveolar-capillary barrier [29]. The LIS scoring system has been 

widely utilized in clinical studies to evaluate the severity of lung 

injury and predict patient outcomes [30]. Higher LIS scores 

indicate more severe lung damage, incorporating factors like 

oxygenation, chest radiology, PEEP, and lung compliance, 

making it superior to the Berlin criteria, which omits some key 

variables [31]. Studies have shown LIS can predict intubation 

duration and severity in ALI patients [32, 33]. 

In this study, the ROC curve indicated a cut-off of >1.15 ng/mL 

for high SDC-1 levels, correlating with severe alveolar epithelial 

damage. Streptococcus pneumoniae induces significant 

deoxyribonucleic acid (DNA) damage and apoptosis in lung 

epithelial cells, which could be associated with increased SDC-1 

levels due to cellular stress and injury. This damage sets the stage 

for further complications, as SDC-1 promotes lung fibrosis by 

facilitating epithelial reprogramming through extracellular 

vesicles, significantly impacting alveolar epithelial cells (AECs) 

[34]. Aberrant expression of SDC-1 in alveolar type II (ATII) 

cells can lead to their dysfunction, contributing to the fibrotic 

process and subsequent damage to the alveolar epithelium [35]. 

Furthermore, the damage to alveolar epithelial cells is not only a 

consequence of SDC-1 elevation but also a driver of 

inflammatory responses, with damaged AECs secreting pro-

inflammatory cytokines such as Interleukin-6 (IL-6) and Tumor 

Necrosis Factor Alpha (TNF-α), exacerbating lung inflammation 

and injury [36]. 

In line with these findings, a significant correlation was identified 

between elevated soluble SDC-1 levels in BALF and pneumonia 

severity as measured by LIS scores (p <0.001). All patients with 

severe pneumonia had high SDC-1 levels, aligning with prior 

research, which found that the shedding of SDC-1 from the 

endothelial glycocalyx, induced by lipopolysaccharide (LPS), has 
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been associated with increased lung edema and inflammatory cell 

infiltration [37]. The inflammatory response triggered by LPS is 

characterized by the activation of various signaling pathways, 

including the Nuclear Factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) pathway, which is known to mediate 

the expression of pro-inflammatory cytokines and further 

exacerbate lung injury [38]. The resultant inflammatory milieu 

not only enhances the permeability of the alveolar-capillary 

barrier but also leads to apoptosis of alveolar epithelial cells, 

contributing to diffuse alveolar damage (DAD) [39]. Syndecan-1 

sheds into the bloodstream due to endothelial glycocalyx 

degradation, which results from endothelial dysfunction caused 

by inflammatory mediators like IL-6, high-mobility group box 1 

(HMGB1), histone-complexed DNA fragments, soluble 

thrombomodulin (sTM), and protein C, released during a 

systemic inflammatory response triggered by trauma [40]. 

The relationship between SDC-1 and alveolar epithelial damage 

is further underscored by its role in modulating inflammatory 

responses and maintaining epithelial barrier function, which is 

critical in preventing further lung injury [41]. 

However, despite the strong link between SDC-1 and alveolar 

damage, there was no significant correlation between SDC-1 

levels and radiological findings (p 0.059). This result is supported 

by studies indicating that although SDC-1 levels are linked to 

respiratory disorders, they do not always correspond to 

radiological severity in conditions like pneumonia [6]. 

In contrast to the lack of correlation with radiological findings, a 

strong association was found between hypoxemia severity, as 

indicated by lower P/F ratios, and elevated SDC-1 levels (p 

0.005), which is consistent with previous research suggesting 

That SDC-1 contributes to impaired gas exchange by 

compromising alveolar integrity. This link reflects the growing 

severity of pneumonia, as increased SDC-1 shedding corresponds 

to decreased oxygenation status [40]. This data is consistent with 

findings from earlier research that show SDC-1 is much higher in 

patients with severe lung diseases, such as pneumonia, and 

represents the amount of endothelium damage and inflammation 

[42]. This study found that higher soluble SDC-1 levels are highly 

associated with hypoxemia severity in pneumonia patients, 

highlighting SDC-1's potential as a reliable biomarker for lung 

damage. 

This research found a clear association between SDC-1 levels and 

clinical severity, as measured by LIS and oxygenation status, 

which provides valuable insights for assessing disease 

progression. This study found that SDC-1 levels in BAL fluid 

were significantly correlated with the severity of lung injury in 

pneumonia patients requiring mechanical ventilation. Higher 

SDC-1 levels were associated with more severe lung injury, as 

measured by the LIS, supporting the hypothesis that SDC-1 is a 

reliable biomarker for assessing lung damage in this patient 

population. This makes SDC-1 a promising tool for guiding 

clinical decisions and optimizing management strategies in 

patients with severe pneumonia [43-45]. 

Conclusion 

This study found that increased levels of soluble Syndecan-1 

(SDC-1) in bronchoalveolar lavage fluid (BALF) are substantially 

linked with the severity of lung damage in mechanically 

ventilated pneumonia patients. A substantial association was 

found between high SDC-1 levels and an elevated Lung Injury 

Score (LIS), as well as severe hypoxemia, suggesting that SDC-1 

represents the amount of alveolar epithelial injury and poor gas 

exchange. The established threshold value of >1.15 ng/mL for 

SDC-1 revealed outstanding diagnostic performance, with 100% 

sensitivity and specificity in detecting severe lung damage. These 

data confirm SDC-1's clinical use as a reliable, non-invasive 

biomarker for predicting lung damage progression and guiding 

treatment options in critical care settings [46-48]. Monitoring 

alveolar SDC-1 concentrations may assist physicians in stratifying 

risk, assessing disease progression, and implementing prompt 

therapies in patients with severe pneumonia needing mechanical 

ventilation. Future research with bigger sample numbers and 

longer follow-up is needed to verify these findings and investigate 

the predictive usefulness of SDC-1 in broader populations and 

diverse pneumonia subtypes.  
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