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Abstract
Background: The purpose of this study is to investigate the relationship between the extent of glycocalyx
disruption and sepsis-induced acute lung injury.

Methods: In total, 68 patients admitted to the department of critical care medicine of the hospital were enrolled
between September 2020 to September 2021. The levels of serum syndecan1 were measured by enzyme-linked
immunosorbent assay. Clinical parameters and standard laboratory test data were also recorded.

Results: Serum syndecan1 levels within 24 h after ICU admission were signi�cantly increased in the sepsis-
induced acute lung injury(SALI) group compared with the sepsis non-acute lung injury(NSALI) group (97.12 ±
19.46 vs. 73.50 ± 16.52 ng/mL, p < 0.0001). Serum syndecan1 was moderately negatively correlated with
oxygenation index (rs = - 0.593, p < 0.001) in all the patients. Moreover, multivariate logistic regression analysis
indicated that syndecan1 was also independently associated with ALI risk( OR 0.896 (95% CI 0.836-0.961, p =
0.002). For the SALI diagnosis, the results indicated that syndecan1 (AUC 0.825 ± 0.053, p < 0.0001) was more
valuable than other indicators. The AUC for syndecan1 level associated with 28 day mortality was 0.896 (95% CI,
0.817-0.974, p < 0.0001). Patients in the high-level syndecan1 group ( > 90.15 ng/mL) had signi�cantly
increased 28 day mortality compared with those in the low-level group ( < 90.15 ng/mL)[log-rank (Mantel-Cox),
14.82, p = 0.0001].

Conclusions: serum syndecan1 within 24 h after ICU admission may be a useful biomarker to predict the
incidence of SALI, additionally, elevated serum syndecan1 levels may be an important risk factor for mortality in
septic patients.

Introduction
Sepsis is the dysregulated immune response to infection that leads to life-threatening organ dysfunction, which
is associated with high morbidity and mortality[1]. The lung is the most susceptible target organ in sepsis, and
sepsis-induced acute lung injury (SALI) can occur in the early stage of sepsis, resulting in high short-term
mortality[2].

Although the pathogenesis of SALI is complicated, studies show that the damage of glycocalyx is the most
important causal factor[3].

The glycocalyx is the primary physical barrier between blood and the vessel wall, previous studies indicated that
glycocalyx plays a critical role in protecting the integrity and permeability of vascular endothelial cells, and
damage to the glycocalyx leads to increased vascular permeability, coagulation hyperactivation, and
in�ammation, which may cause acute lung injury and other organ dysfunction in the sepsis[4, 5]. There is
increasing evidence that syndecan1, which is one of the major components of the glycocalyx, is a sensitive
indicator of endothelial dysfunction[6, 7].

Recent data have shown that circulating syndecan1 levels were found to be elevated in patients with sepsis, and
syndecan1 is associated with severity in septic patients[8, 9]. Moreover, Schmidt et al. demonstrated that
degradation of endothelial glycocalyx contributes to the pathogenesis of ALI in the lipopolysaccharide (LPS)
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induced experimental sepsis model[10]. Besides, clinical studies have shown an association between endothelial
glycocalyx degradation and the development of pulmonary edema[11, 12].

As previously described, the lung is usually one of the �rst failure organs during the development of multiple
dysfunctions during sepsis, and glycocalyx damage plays a fundamental role in lung injury, which is
characterized by the endothelial permeability injury, meanwhile, it is the crucial reason for the organ dysfunction
in sepsis[13, 14].

Accordingly, the degradation of endothelial glycocalyx contributes to sepsis, however, it remains unknown the
relationship between the serum syndecan1 and sepsis-induced acute lung injury. This study explores the
relationship between the extent of glycocalyx disruption and SALI. We hypothesized that the syndecan1, a
marker of glycocalyx degradation, might be useful to predict the incidence of SALI and prognosis in septic
patients.

Participants And Study Design
This present study was conducted at the department of critical care medicine of the hospital from September
2020 to September 2021. The study was approved by the ethics committee of the hospital (approval number:
JS-3283) and carried out according to the principles of the declaration of Helsinki. Written Informed consent was
obtained from all patients or their legal surrogates before inclusion in the study.

All protocols were performed in accordance with the relevant guidelines as follows: Sepsis was diagnosed based
on the Third International Consensus De�nitions for Sepsis and Septic Shock (Sepsis 3.0)[1]. Patients were
diagnosed with ALI according to the Berlin de�nition[15]. Inclusion criteria were: age ≥ 18 years; intensive care
unit (ICU) stay of more than 24 h diagnosis of sepsis. Exclusion criteria were: age < 18 years, ICU stay < 24 h. The
detailed patient enrollment process is summarized in Figure. 1.

Data collection and outcomes
Clinical data including age, sex, hemodynamic parameters, ventilator settings, and blood chemistry were
collected from electronic medical records. In addition, the status of clinical severity was evaluated with the
APACHE II score within 24 h of admission, and the extent of multiple organ dysfunction was assessed with the
SOFA score, which was obtained from existing medical records and routine ICU exams. The primary outcome
measure was 28-day mortality.

Blood samples were collected by a central venous catheter within 24 h of admission and centrifuged
immediately. Serum was separated by centrifugation at 3000 g for 15 min and stored immediately at -80 ◦C until
assessment. The serum syndecan1 was measured by enzyme-linked immunosorbent assay (ELISA) according
to the manufactures manufacturer’s protocol using the human syndecan1 Elisa kit (CUSABIO, Catalog No. CSB-E,
Wu Han, China).

Statistical analysis
All statistical analyses were performed using the SPSS 23 (SPSS, IBM, Armonk, NY, USA) and GraphPad Prism
9.0 ( GraphPad Software Inc., San Diego, CA, USA).
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Categorical variables were recorded as absolute numbers, and proportions and compared using the chi-square
test. Data with non-normally distribution were presented as the medians (Interquartile ranges, IQRs) and were
compared by Mann-Whitney U tests, normally distributed data were expressed as the mean and standard
deviation and were compared using Student’s t-test. The Correlations of normally distributed data were analyzed
using the Pearson method, and Spearman correlation analysis was performed on non-normally distributed data.
The ROC curve was employed for estimating serum syndecan1 in the prediction of SALI and 28-day mortality.
The optimal cut-off values were decided based on the maximum Youden index (sensitivity + speci�city − 1).
Univariate and multivariate logistic regression models were used to examine and identify syndecan1 and other
parameters with predictive risk for SALI. The results are expressed as the Wald index, odds ratio (OR), and 95%
CIs. The Kaplan-Meier method was used to calculate the survival rate and generate the survival curve, and the
log-rank (Mantel-Cox) test was used to assess differences. Statistical analysis was performed using Two-tailed
P values less than 0.05 were considered signi�cant. Based on mean differences and corresponding standard
deviations, the sample size was calculated in MedCalc Software version 17.3 (Mariakerke, Belgium), with a 2-
sided con�dence interval of 0.95 and the desired power of 0.8.

Results

Basic characteristics
In total, 113 critically patients with sepsis were screened, 2 patients are younger than 18 years, 3 patients died
within 24 h, and 4 patients in ICU stay less than 24h. Thus, 104 patients entered the study, besides, 4 patients
lack a consent form, 7 patients were excluded due to incomplete data, and 25 patients were lost during the
follow-up period, thus, 68 patients were �nally enrolled in this study, 33 of whom met the acute lung injury (ALI)
criteria. Patients were divided into two groups: Sepsis-induced acute lung injury (SALI, n = 33) and Sepsis with
non-acute lung injury (NSALI, n = 35).

There were no signi�cant differences in age, Body Mass Index (BMI), or sex between the different groups. The
SOFA, and APACHE II scores were signi�cantly higher in the SALI group than in the NSALI group. Regarding
hemodynamic data, there were no signi�cant differences in mean arterial blood pressure (MAP), central venous
pressure (CVP), central venous blood oxygen saturation (ScvO2), or arteriovenous carbon dioxide partial pressure
difference (Pv-aCO2) between SALI and the NSALI group.

In terms of respiratory condition, the patients with SALI had signi�cantly lower oxygen index (OI), and higher plat
pressure (Pplat) compared with the NSALI group.

Moreover, there were no differences between groups in the levels of in�ammatory factors, including high-
sensitive C-reactive protein (hsCRP), procalcitonin (PCT), tumor necrosis factor α (TNFα), interleukin 6 (IL6),
interleukin 8 (IL8), interleukin 10 (IL10). Only the levels of serum syndecan1 showed signi�cant differences
between the different groups (97.12 ± 19.46 vs 73.50 ± 16.52 ng/mL, p < 0.001) (Figure. 2a).

The baseline characteristics of all patients are presented in Table 1. 
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Table 1
The basic clinical data of all enrolled patients.

Categories Overall (n = 68 ) SALI(n = 33) NSALI (n = 35) p value

Age (years) 65(49, 72) 60 ± 17 61 ± 18 0.817

BMI (kg/m− 2) 23(21, 25) 24(22, 25) 22(19, 25) 0.113

Male (n, %) 41(60%) 22(67%) 19(54%) 0.297

SOFA score 7(5, 10) 8(6, 11) 6(4, 9) 0.010*

APACHE II score 18(16, 19) 19(16, 20) 17(15, 19) 0.031*

HR (bpm) 97 ± 20 100 ± 22 95 ± 18 0.269

MAP (mmHg) 81(74, 90) 80(74, 89) 82(74, 93) 0.480

CVP (mmHg) 8(7, 10) 8(7.75, 10) 7(6, 10) 0.159

Pv-aCO2 (mmHg) 3.4(2.2, 5.5) 3.0(2.0, 5.7) 3.7(2.4, 5.3) 0.689

ScvO2(%) 77.6(70.8, 82.9) 75.45(68.5, 81.2) 78.4(74.2, 83.2) 0.135

Lac (mmol/l) 1.7(0.9, 2.8) 1.8(0.8, 3.0) 1.6(0.9, 2.6) 0.839

NE (µg/kg/min) 0.29(0.11, 0.52) 0.36(0.12, 0.54) 0.23(0.10, 0.48) 0.346

OI (mmHg) 306(234, 401) 233(179, 266) 395(340, 459) 0.000***

Vt (ml/kg PBM) 7(6,8) 6(5, 8) 6(6, 8) 0.629

PEEP (cmH2O) 6(5,8) 8(5, 10) 5(5,7) 0.099

Pplat (cmH2O) 17(16, 18) 18(16, 20) 16(15, 18) 0.041*

Ventilator time (hours) 77(19, 199) 206 ± 106 194 ± 108 0.682

hs-CRP (mg/L) 199.4(125.5, 289.1) 218.4(125.5, 289.1) 183.1(120.4, 292.9) 0.749

PCT(ng/mL) 11(1.93, 44) 11(1.45, 40.5) 11(4.6, 47) 0.480

TNFα (pg/mL) 19.7(13.5, 36.1) 19.6(12.3, 43.7) 19.9(13.8, 35) 0.797

IL10 (pg/mL) 9.5(5, 18.6) 10.4(5.2, 20.7) 9.4(5, 18.7) 0.757

IL8 (pg/mL) 74(40.5, 180.3) 75(50, 190) 67(33, 175) 0.320

IL6 (pg/mL) 98(26.8, 607.3) 96(38, 745.5) 100(25.6, 646) 0.653

28 day Mortality (n, %) 13(19%) 8(24%) 5(14%) 0.297

Syndecan-1 (ng/mL) 84.96 ± 21.47 97.12 ± 19.46 73.50 ± 16.52 0.000***

Abbreviations:  SALI Sepsis-induced acute lung injury, NSALI Sepsis with non-acute lung injury, BMI Body Mass
Index, SOFA Sequential Organ Failure Assessment, APACHE Acute Physiology and Chronic Health Evaluation, HR
heart rate, MAP mean arterial pressure, CVP central venous pressure, Pv-aCO2 arteriovenous carbon dioxide
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partial pressure difference, ScvO2 central venous blood oxygen saturation, Lac lactate, NE norepinephrine, OI
oxygen index, Vt tidal volume, PEEP positive end expiratory pressure, Pplat plat pressure, hs-CRP high-sensitive
C-reactive protein, PCT procalcitonin, TNFα tumor necrosis factor α, IL10 interleukin 10, IL8 interleukin 8, IL6
interleukin 6. Data were presented by mean standard deviation, n (%), or median (interquartile range). 

Table 2
Univariate logistic regression analysis for possible risk factors for ALI.

Variable B SE p value OR 95% CI for OR

          Lower Upper

Age (years) 0.003 0.014 0.814 1.003 0.976 1.031

SOFA score -0.191 0.082 0.020* 0.826 0.703 0.970

APACHE II score -0.242 0.109 0.027* 0.785 0.634 0.972

NE (µg/kg/min) -1.200 1.165 0.303 0.301 0.031 2.955

PEEP (cmH2O) -0.333 0.157 0.034* 0.717 0.527 0.975

Pplat (cmH2O) -0.347 0.162 0.032* 0.707 0.515 0.970

Syndecan-1 (ng/ml) -0.074 0.019 0.000*** 0.928 0.895 0.964

Abbreviations: SOFA Sequential Organ Failure Assessment, APACHE Acute Physiology and Chronic Health
Evaluation, NE norepinephrine, PEEP positive end expiratory pressure, Pplat plat pressure.

Table 3
Multivariate logistic regression analysis for possible risk factors for ALI.

Variable B SE p value OR 95% CI for OR

          Lower Upper

SOFA score 0.087 0.161 0.588 1.091 0.796 1.495

APACHE II score 0.145 0.187 0.438 1.156 0.801 1.669

PEEP(cmH2O) -0.083 0.228 0.715 0.92 0.588 1.44

Pplat(cmH2O) -0.325 0.272 0.232 0.722 0.424 1.231

Syndecan1(ng/ml) -0.11 0.036 0.002** 0.896 0.836 0.961

Abbreviations: SOFA Sequential Organ Failure Assessment, APACHE Acute Physiology and Chronic Health
Evaluation, PEEP positive end expiratory pressure, Pplat plat pressure.

The ability of syndecan1 to predict the incidence of SALI 

Considering that syndecan1 presented signi�cant differences between the SALI group and NSALI group, to
further investigate whether serum syndecan1 could predict the incidence of SALI in sepsis. As shown in Figure. 4
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and Table 4, we calculated the cut-off value, sensitivity, and speci�city of syndecan1, SOFA, APACHE II, and Pplat

as predictors of SALI for the patients within 24 h after ICU admission using the ROC curve. The results indicated
that syndecan1 (AUC 0.825 ± 0.053, p < 0.0001) was more valuable than SOFA (AUC 0.681 ± 0.066, p = 0.010),
APACHE II (AUC 0.650 ± 0.066, p = 0.033), and Pplat (AUC 0.672 ± 0.045, p= 0.031) for prediction SALI. 

Table 4
Receiver operating characteristic (ROC) analysis for Syndecan1 in Sepsis.

Variable AUC std.Error p value Lower

limit

Upper
limit

Cutoff
value

Sensitivity Speci�city

SOFA score 0.681 0.066 0.010* 0.552 0.785 < 7.50 71.43 66.67

APACHE II score 0.650 0.066 0.033* 0.520 0.810 < 
18.50

74.29 51.52

Ppalt (cmH2O) 0.672 0.045 0.031* 0.514 0.831 < 
17.50

70.83 59.09

Syndecan1(ng/mL) 0.825 0.053 < 
0.000***

0.722 0.929 < 
82.67

80.00 84.85

Abbreviations: AUC area under the curve, SOFA Sequential Organ Failure Assessment, APACHE Acute
Physiology and Chronic Health Evaluation, Pplat plat pressure.

The syndecan1 level was associated with mortality 

To investigate whether syndecan1 is useful in predicting 28-day mortality in patients enrolled, we have
calculated the cut-off value, sensitivity, and speci�city of syndecan1 as predictors of 28-day mortality using the
ROC curve. The area under the curve for syndecan1 was 0.896 (95% CI, 0.817-0.974, p < 0.0001). The optimal
cut-off value for syndecan1 for predicting 28-day mortality was 90.15 ng/mL (92.31 sensitivity and 72.73
speci�city) based on the maximum Youden index (Figure 5a, Table 5). Kaplan-Meier survival curves showed
signi�cant differences [log-rank (Mantel-Cox), 14.82, p = 0.0001)] (Figure. 5b). Between patients with serum
syndecan1 ≥ 90.15 ng/mL (high-level group) and patients with serum syndecan1 < 90.15 ng/mL (low-level
group) based on the syndecan1 cutoff value.

There were no signi�cant differences in age, BMI, and sex between the different groups. The SOFA, APACHE II
score, mortality, ICU stay time, and hospital stay time were signi�cantly higher in the high-level group than those
in the low-level group. However, there were no signi�cant differences in MAP and CVP between the two groups.
In terms of respiratory condition, the patients in the high-level group had signi�cantly lower OI, Pplat, and PEEP,
and longer mechanical ventilation usage time compared with the low-level group. Moreover, the patients in the
high-level group had signi�cantly higher levels of in�ammatory factors, including hs-CRP, PCT, TNFα, IL6, IL8,
and IL10. And the levels of Syndecan1 in serum also showed signi�cant differences between the two groups
(106.22(93.95, 114.10) vs 72.05(63.88, 80.43) ng/mL, p < 0.0001) (Table.6).

Table. 5 ROC curve analysis for the prediction of 28d mortality.
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Variable AUC  std.

Error

p
value

lower
limit

Upper
limit

Youden
Index

Cutoff
value

Sensitivity Speci�city

Syndecan-1
(ng/mL)

0.896 0.040 <
0.0001

0.817 0.974 65.04 >
90.15

92.31 72.73

Abbreviations: ROC Receiver operating characteristic, AUC area under the curve

Table. 6 Baseline clinical and Laboratory data parameters in the different groups.
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Categories  Low-level group (n = 41)  High-level group (n = 27) p value

Age (years) 64(48, 72) 65(48, 73) 0.875

BMI (kg/m-2) 23(21, 25) 23(20, 25) 0.812

Male (%) 22(54%) 19(70%) 0.168

SOFA score 6(4, 8) 10(8, 12) 0.000***

APACHE II score 16(15, 18) 19(17, 20) 0.000***

HR (bpm) 91(79, 104) 106(90, 125) 0.010*

MAP (mmHg) 82(76, 93) 80(74, 89) 0.312

CVP (mmHg) 7(5, 10) 8(7, 10) 0.135

Lac (mmol/l) 1.3(0.8, 2) 2.8(1.6, 6) 0.000***

NE (µg/kg/min) 0.13(0.07, 0.29) 0.43(0.27, 0.59) 0.001**

OI (mmHg) 347(298, 421) 236(175, 285) 0.000***

Vt (ml/kg PBM) 7(6, 8) 7(6, 8) 0.637

PEEP (cmH2O) 5(5, 7) 7(5, 10) 0.126

Pplat (cmH2O) 16(16, 18) 17(16, 20) 0.329

Ventilator time (hours) 48(5, 133) 123(59, 248) 0.012*

hs-CRP (mg/L) 199.4(126.1, 261.7) 208.4(85.1, 303.1) 0.662

PCT(ng/mL) 11(1.5, 40.5) 11(4.6, 47) 0.480

TNFα (pg/mL) 17.5(11.7, 27.4) 27.4(17.7, 49.6) 0.004**

IL10 (pg/mL) 7.8(5, 15.9) 15.6(7.1, 78.7) 0.004**

IL8 (pg/mL) 53(32, 150) 89(67, 524) 0.008**

IL6 (pg/mL) 73.3(25.4, 339.5) 367(55.4, 1000) 0.015*

ICU stay (days) 5(3, 21) 8(3, 12) 0.343

Hospital stay (days) 21(8, 40) 18(12, 29) 0.821

28 day Mortality(n, %) 1(2%) 12(44%) 0.000***

Syndecan-1 (ng/mL) 72.05(63.88, 80.43) 106.22(93.95, 114.10) 0.000***

Abbreviations: BMI Body Mass Index, SOFA Sequential Organ Failure Assessment, APACHE Acute Physiology
and Chronic Health Evaluation, HR heart rate, MAP mean arterial pressure, CVP central venous pressure, Lac
lactate, NE norepinephrine, OI oxygen index, Vt tidal volume, PEEP positive end expiratory pressure, Pplat plat
pressure, hs-CRP high-sensitive C-reactive protein, PCT procalcitonin, TNFα tumor necrosis factor α, IL10
interleukin 10, IL8 interleukin 8, IL6 interleukin 6, ICU intensive care unit. 
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Discussion
To explore whether circulating syndecan1 is a biomarker to predict ALI incidence in patients with sepsis and
subsequent prognostic implications in sepsis, we investigated the level of serum syndecan1 after admission to
ICU in patients with sepsis. In the present study, we showed that the circulating levels of syndecan1 were higher
in patients with SALI than in septic patients without SALI. Moreover, the levels of serum syndecan1 are
associated with the SOFA score, APACHE II score, OI, and ventilator time. Furthermore, we found that an increase
in the levels of serum syndecan1 showed good discriminative power for predicting SALI incidence and
subsequent mortality in sepsis. Thus, these results suggest that syndecan1 could be a predictive marker of ALI
incidence in septic patients and prognostic in sepsis.

Glycocalyx damage and vascular tone dysfunction impair microcirculatory blood �ow, causing organ injury and,
potentially, life-threatening organ dysfunction[16]. 

This study investigated the degradation of the endothelial glycocalyx in sepsis and sepsis-induced lung injury
from a pathophysiological and clinical perspective once again.

Many studies have shown that syndecan1 has value for clinical application. Abundant evidence has revealed
that syndecan1might be useful as a biomarker in sepsis patients and is associated with disease severity.
Patients with high syndecan1 may represent a cohort at particular risk for intubation following large volume
�uid administration in ED sepsis[17]. Syndecan1 levels were associated with not only the severity of illness but
also disseminated intravascular coagulation (DIC) development in sepsis, suggesting that syndecan1 could be a
predictive marker of DIC[18]. 

In the present study, we observed that serum syndecan1 levels were closely correlated with SOFA, which is
consistent with those reports. Moreover, Yuka Kajita et al. found a weak negative correlation between the plasma
syndecan1 level and OI in patients with septic shock and secondary ARDS, we also found that serum syndecan1
was moderately negatively correlated with OI in the septic patients [19]. Besides, a weak positive correlation
between the serum syndecan1 level and ventilator time in patients with sepsis. However, the speci�c mechanism
awaits elucidation. 

Moreover, Murphy L. S, et al. found that elevated syndecan1 levels were only associated with the development of
ARDS in patients with non-pulmonary sepsis[20]. 

And, the latest research demonstrated that higher circulating levels of syndecan1 during the �rst 7 days of ICU
stay are associated with sepsis-related ARDS[19]. In our study, we also found that serum syndecan1 levels were
signi�cantly increased in the group of SALI compared with those in the NSALI group patients. In our study, the
variables including syndecan1, SOFA, APACHE II, PEEP, and Pplat were indicated to be associated with ALI risk in
septic patients. Nevertheless, multivariate logistic regression analysis indicated that only the syndecan1 level
was also independently associated with ALI risk. Further analysis revealed that serum syndecan1 may be a
useful biomarker to detect early signs of ALI. It is involved in sepsis and seems to mediate sepsis-induced lung
injury. In addition, we also tried to �nd whether different infectious sources were caused by sepsis and different
endothelial damage. Regrettably, patients with abdominal infection showed higher serum syndecan1 levels than
patients with pulmonary infection, this difference was not statistically signi�cant. There was a trend toward a
higher syndecan1 level in septic patients with abdominal infection compared with patients with pulmonary
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infection, however, there are no statistically signi�cant differences. This re�ects the complexity of the
intervention, as well as the heterogeneity of critically ill patients. Yet another reason may be due to sample sizes.

Furthermore, degradation of the glycocalyx in sepsis is complicated, involving multiple enzymatic pathways and
factors regulating its shedding and synthesis. The endothelium cells shift toward a proin�ammatory during
sepsis is undoubtedly the most important factor resulting in the degrading of the glycocalyx. The excessive
production of in�ammatory factors is directly involved in vascular damage, glycocalyx shedding, and
endothelial dysfunction in septic conditions [21]. Besides, Metalloproteinases (MMPs) and disintegrin and
metalloproteinases (ADAM) are known to cleave syndecan1 directly from the endothelial cell membrane, which
is activated during sepsis[22, 23]. Studies have shown degradation of the endothelial glycocalyx facilitates the
in�ow of �uid, including lots of protein and macromolecules into the alveolar space, and exacerbated pulmonary
vascular permeability is associated with endothelial glycocalyx degradation under septic conditions[24, 25].

Additionally, endothelial glycocalyx damage increased with increasing acute infectious disease severity,
correlated with SOFA score, and predicted mortality[26]. Saoraya J et al. found that syndecan1 levels were
associated with �uid requirements, sepsis severity, organ dysfunction, and mortality in the emergency
department[27]. Besides, it was recently reported that syndecan1 levels in patients with sepsis might be useful
for identifying those at high risk of organ dysfunction and mortality[28]. As we expected, serum syndecan1
levels were signi�cantly increased in the group of survivors compared with nonsurvivors. Moreover,
patients in the high-level group had worse outcomes, and post hoc tests showed signi�cant differences in 28-
day survival rates. Further analysis revealed that high syndecan1 was also a strong predictor of 28 day-mortality
in patients with sepsis.

Thus, the endothelium undoubtedly is a key organ in the pathogenesis of sepsis, as endothelial dysfunction in
sepsis contributes to multi-organ failure[29, 30]. This present study shows the relationship between endothelial
dysfunction and sepsis-induced acute lung injury from the clinical perspective once again. However, more in-
depth research about the more detailed molecular mechanism is still needed in future studies.

Conclusions
In conclusion, our study suggests that the serum syndecan1 levels in patients with sepsis may be useful for
identifying patients at high risk of ALI, besides, elevated serum syndecan1 levels may be an important risk factor
for mortality in septic patients.

Limitations
Some potential limitations of this study should be considered. First, the observed association between
circulating syndecan1 and organ dysfunction and clinical outcomes does not prove the underlying mechanisms,
so this study may not allow the independent evaluation of a cause-and-effect relationship of the clinical
parameters. Second, the sample size was quite limited and data were obtained from a single-center study. Thus,
further large-scale studies are needed to verify the usefulness of serum syndecan1 for the early detection of ALI
with sepsis and prognosis. Finally, the levels of serum syndecan1 represent a dynamic equilibrium state as a
result of their biosynthesis and degradation, besides, syndecan1 were cleared primarily in the liver or kidney, then



Page 12/19

the association between elevated levels, Thus their effects on the entire serum syndecan1 were needed to be
considered.
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PCT procalcitonin, TNFα tumor necrosis factor α, IL10 interleukin 10, IL8 interleukin 8, IL6 interleukin 6. ROC
Receiver operating characteristic, AUC area under the curve.
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Figure 1

Flowchart of patient inclusion for this study.

SALI Sepsis-induced acute lung injury, NSALI Sepsis with non-acute lung injury.
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Figure 2

Serum syndecan1 levels in the derivation cohort of patients.

(a) ALI vs. NSALI 97.12 ± 19.46 vs. 73.50 ± 16.52 ng/mL, p < 0.0001;

(b) Non-survivors vs. Survivors 110.28 (96.29, 117.75) vs. 76.87(65.63, 91.69) ng/mL, p < 0.0001;

(c) Sepsis nonshock vs. Septic shock 97.32(84.03,113.81) vs. 72.05 (63.88, 88.38) ng/mL, p < 0.0001;

(d) Pulmonary vs. abdominal infection. 92.26(80.45, 113.08) vs. 86.51(76.29, 100.31) ng/mL, p = 0.440;

SALI Sepsis-induced acute lung injury, NSALI Sepsis with non-acute lung injury, ICU intensive care unit.
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Figure 3

Correlation of the serum syndecan1 level with OI (a), Ventilator time (b), APACHE II (c), and SOFA (d) in all
patients admitted to the ICU.

(a) Syndecan1 was correlated with OI, rs = - 0.593, p < 0.001.

(b) Syndecan1 was correlated with Ventilator time, rs = 0.325, p = 0.0069.

(c) Syndecan1 was correlated with APACHE II, rs = 0.369, p = 0.002.

(d) Syndecan1 was correlated with SOFA, rs = 0.537, p = 0.001.

OI oxygen index, SOFA sequential organ failure assessment score, APACHE Acute Physiology, and Chronic
Health Evaluation, ICU intensive care unit. 
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Figure 4

Receiver operating characteristic curve analysis.

The ROC analysis showed that the area under the curve for syndecan1 (AUC 0.825 ± 0.053, p < 0.0001) , SOFA
(AUC 0.681 ± 0.066, p = 0.010), APACHE II (AUC 0.650 ± 0.066, p = 0.033), and Pplat (AUC 0.672 ± 0.045, p =
0.031) to predict the incidence of SALI.

SOFA Sequential Organ Failure Assessment, APACHE Acute Physiology, and Chronic Health Evaluation, Pplat
plat pressure. SALI Sepsis-induced acute lung injury, ICU intensive care unit,  ROC Receiver operating
characteristic, AUC area under the curve.
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Figure 5

Receiver operating characteristic curves of serum syndecan1 level within 24 h after ICU admission in predicting
28-day mortality of patients enrolled and Kaplan-Meier plot of the 28-day mortality of sepsis patients strati�ed
by serum syndecan1 level.

(a) The ROC analysis showed that the AUC for syndecan1 0.896 (95% CI, 0.817, 0.974, p < 0.0001) to predict 28-
day mortality of patients with sepsis.

(b) Kaplan-Meier survival curves showed signi�cant differences [log-rank (Mantel-Cox) , 14.82, p = 0.0001)] in
the high group (syndecan1 ≥ 90.15 ng/mL) and the low syndecan1 group(syndecan1 < 90.15 ng/mL).

ROC Receiver operating characteristic, AUC area under the curve.
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