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Abstract

Background: Syndecan-1 plays a crucial role in cell differentiation, growth, adhesion, wound healing, and inflammatory

processes. It has been linked to obesity, particularly overweight and chronic low-grade inflammation.

Objectives: This study aimed to compare serum syndecan-1 levels between obese children and a healthy control group and to

investigate the relationship between serum syndecan-1 levels and renal and cardiovascular complications associated with

obesity in children.

Methods: We assessed 30 obese and 30 healthy children aged 8 - 16 years. Blood samples were collected from both groups to

measure serum aspartate aminotransferase (AST), syndecan-1, fasting blood glucose (FBG), alanine aminotransferase (ALT),

creatinine, and urea concentrations. In the obese group, high-density lipoprotein cholesterol (HDL-C), insulin, triglyceride (TG),

and low-density lipoprotein cholesterol (LDL-C) levels were also measured, along with homeostasis model assessment of insulin

resistance (HOMA-IR).

Results: The mean serum syndecan-1 levels in the obese and control groups were 15.65 ± 10.01 ng/mL and 6.99 ± 3.79 ng/mL,

respectively, with a significantly higher level observed in the obese group (P < 0.005). Significant differences were also found in

BMI, BMI SDS, creatinine, AST, and ALT levels between the two groups (P < 0.05), with all parameters being higher in the obese

group. A significant positive linear association was identified between syndecan-1 levels and creatinine, TG, and BMI SDS (r =

0.711, r = 0.630, r = 0.682, P < 0.01). Additionally, a strong negative correlation was found between syndecan-1 and HDL-C levels (r =
-0.609, P < 0.001). No significant linear relationship was detected between syndecan-1 levels and LDL-C, ALT, AST, glucose, urea,

insulin levels, or HOMA-IR measurements (P > 0.05). Linear regression analysis revealed that serum creatinine levels and BMI

SDS were significantly linked to changes in syndecan-1 levels.

Conclusions: Syndecan-1 is elevated in obese children due to inflammation and may serve as an early biomarker for

endothelial damage. It can be useful in detecting obesity-related renal damage and cardiovascular risk in children.
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1. Background

Syndecans, a family of heparan sulfate proteoglycan

(HSPG) glycoproteins, are widely found on cell surfaces
and within the extracellular matrix of all mammalian

tissues. They play a crucial role in various cellular
functions, including adhesion, movement, growth,

specialization, and angiogenesis, through their own

signaling mechanisms and interactions with growth
factors (1). There are four known syndecans in

vertebrates: Syndecan 1 to syndecan 4 (1, 2). Syndecans
serve as major transmembrane proteoglycans,

influencing the activity of leukocytes, endothelial cells,

and chemokines in different ways (3). Syndecan 4 is
linked to wound healing and angiogenesis, while

syndecan 3 is involved in regulating feeding behavior
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through the modulation of hypothalamic melanocortin

activity. Syndecan 1, which is expressed in epithelial and

other nonhematopoietic cells, is considered a marker
for the development of B lymphocytes and plasma cells

(4). However, the role of syndecan 1 in regulating body
fat and glucose homeostasis remains unclear (2).

The assessment of heparan sulfate and syndecan 1
can help evaluate the degree of glycocalyx disruption,

which is an indicator of the endothelial response to
inflammation (5). Childhood obesity, characterized by

excessive fat accumulation, has emerged as a major

global health concern due to its medical, social, and
psychological complications. Oxidative stress, metabolic

dysfunction, and low-grade inflammation are key
mechanisms driving the pathogenesis of obesity.

Adipose tissue acts not only as an energy store but also

as a metabolically active tissue that releases hormones
and cytokines (6). This adipose tissue activity is linked to

a mild, chronic inflammatory response, which leads to
adipocyte hypertrophy, apoptosis, increased production

of pro-inflammatory adipokines, and the release of free

fatty acids, all of which activate the immune system (7,
8).

Given the extensive roles of heparan sulfate in

inflammation, it is not surprising that syndecans

modulate the behavior of chemokines, leukocytes, and
endothelial cells in various ways (9). Syndecan 1 has

been identified as a potential biomarker for cardiac
fibrosis and plays a role in the accumulation of foam

cells within the intimal smooth muscle. In syndecan-1-

deficient individuals, there is an increase in
inflammatory macrophages, which heightens the risk of

atherosclerotic plaque development (10). Syndecan 1 is
also thought to be involved in processes such as

adhesion, cell growth, wound healing, differentiation,
and inflammation (11), and it acts as a negative regulator

of endothelial-leukocyte interactions (12). Despite its

importance, there are limited studies examining serum
syndecan 1 levels in obese adolescents and children (13).

2. Objectives

This study aimed to evaluate serum syndecan 1 levels

in obese children and investigate the relationship
between its levels and the complications associated with

childhood obesity.

3. Methods

In this research, 30 obese and 30 healthy children
aged 8 to 16 years, who were admitted to our pediatric

outpatient clinic between January and August 2023,

were included. Patients with chronic conditions such as

diabetes, inflammatory diseases, and infectious

diseases, as well as those using oral insulin, antidiabetic,

antihypertensive, or lipid-lowering drugs, were
excluded. The study adhered to the principles of the

Declaration of Helsinki and was approved by the local
ethics committee (22.12.2023/no: 364). Informed consent

was obtained from all patients and their parents prior to

conducting measurements and necessary examinations.

Height and weight were measured using a
Harpenden stadiometer, with participants wearing light

clothing and no shoes. Body Mass Index (BMI) was

calculated by dividing body weight by the square of
height (kg/m²), and its standard deviation score (SDS)

was determined based on the standards established for
Turkish children (14). Children with a BMI between the

5th and 85th percentile (BMI-SDS -1, +1) were included in

the healthy control group, while those with a BMI in the
95th percentile or higher (BMI SDS +2 and above) were

included in the obese group.

Blood samples were collected from both the control

and obese groups after 10 - 12 hours of fasting in the
morning. Serum concentrations of alanine

aminotransferase (ALT), aspartate aminotransferase
(AST), syndecan-1, fasting blood glucose (FBG),

creatinine, and urea were measured in both groups.

Additionally, in the obese group, blood samples were
analyzed for low-density lipoprotein cholesterol (LDL-C),

triglycerides (TG), insulin, and high-density lipoprotein
cholesterol (HDL-C), as part of routine obesity

screenings. Blood specimens were centrifuged at 4000

rpm for 15 minutes after clotting, and approximately 5
mL of serum was transferred to Eppendorf tubes and

stored at -80°C until analysis. Biochemical parameters
were measured from the remaining serum on the same

day using a Roche Cobas 6000 analyzer. The
Homeostasis Model Assessment for Insulin Resistance

(HOMA-IR) was calculated as FBG (mmol/L) × fasting

insulin (IU/mL)/22.5. Syndecan-1 levels were measured
from serum samples stored in Eppendorf tubes using

the Bioassay Technology Laboratory (BT-LAB) Human
Syndecan-1 ELISA Kit, Catalog No: E3344 Hu, which

employs a sandwich ELISA method.

3.1. Statistical Method

Data analyses were performed using SPSS version

29.0, with a significance level set at P < 0.05. The
Shapiro-Wilk test was used to assess the normal

distribution of the data. Descriptive statistics are
presented as mean ± standard deviation for continuous

variables with normal distribution and as median,
minimum, and maximum values for those without

normal distribution. The independent sample t-test was
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Table 1. Summary of Measurements for the Obese Group

Variables Mean ± SD Median Minimum-Maximum

BMI (kg/m 2) 31.40 ± 3.29 30.65 26.00 - 39.60

BMI SDS 2.85 ± 0.50 2.78 2.10 - 3.92

Syndecan 1 (ng/mL) 15.65 ± 10.01 11.91 5.08 - 42.63

Urea (mg/L) 27.43 ± 4.87 26.53 19.00 - 38.60

Creatinine (mg/dL) 0.59 ± 0.09 0.62 0.45 - 0.80

FBG (mg/dL) 92.43 ± 12.50 90.50 71.00 - 132.00

AST (U/L) 25.06 ± 9.98 24.00 10.00 - 67.00

ALT (U/L) 20.76 ± 8.99 18.00 10.00 - 39.00

TG (mg/dL) 135.80 ± 46.46 130.00 54.00 - 236.00

HDL -C (mg/dL) 44.0 ± 9.53 43.00 30.00 - 61.00

LDL-C (mg/dL) 99.56 ± 18.41 97.00 65.00 - 152.00

Insulin (mU/L) 32.37 ± 13.56 29.55 12.60 - 74.10

HOMA-IR 7.28 ± 3.14 6.71 2.81 - 16.80

Abbreviations: BMI SDS, Body Mass Index standard deviation score; HDL -C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate
aminotransferase; HOMA-IR, Homeostasis Model Assessment for Insulin Resistance; BMI, Body Mass Index; ALT, alanine aminotransferase; FBG, fasting blood glucose; TG,
triglyceride.

used to compare measurements between groups with

normal distribution, while the Mann-Whitney U test was

employed for comparisons of measurements without
normal distribution. Multivariate evaluation was

conducted using logistic regression analysis. Pearson
correlation coefficients were calculated to assess

relationships between variables. The sample size for the

study was determined using the G*Power 3.1.9.2
program.

4. Results

The average age of the 30 children in the obese group

was 12 ± 2.13 years (range: 8 - 16 years), and the average
age of the 30 healthy children in the control group was

12 ± 1.81 years (range: 8 - 15 years). The average BMI SDS in
the obese group was 2.85 ± 0.50. The mean serum

syndecan 1 level in the obese group was 15.65 ± 10.01

ng/mL. Data for the obese children are presented in
Table 1.

In the control group, the average BMI SDS was -0.10 ±

0.52, and the mean serum syndecan 1 level was 6.99 ±

3.79 ng/mL. The data for the control group are shown in
Table 2. The mean serum syndecan 1 concentration in

obese children was 15.65 ± 10.01 ng/mL, while in the
controls, it was 6.99 ± 3.79 ng/mL, which was

significantly higher in the obese group compared to the

controls (P < 0.001) (Table 3). Additionally, BMI, BMI SDS,
creatinine, AST, and ALT levels were significantly

different between the control and obese groups (P <
0.05), with higher values in the obese group (Table 3).

A significant linear relationship was found between
syndecan 1 levels and creatinine, TG, HDL-C levels, and

BMI SDS (P < 0.01). There was a strong positive

correlation between syndecan 1 and creatinine

concentrations (r = 0.711, P < 0.001) (Figure 1, Table 4). A
moderate positive correlation was observed between

syndecan 1 and TG levels (r = 0.630, P < 0.001) (Figure 2,
Table 4). Syndecan 1 and HDL-C concentrations showed a

strong negative correlation (r = -0.609, P < 0.001) (Figure

3, Table 4). Additionally, a moderately strong positive
correlation was seen between syndecan 1 concentrations

and BMI SDS (r = 0.682, P < 0.001) (Figure 4, Table 4).

No significant linear relationship was found between

syndecan 1 concentrations and LDL-C, ALT, AST, glucose,
urea, insulin concentrations, or HOMA-IR

measurements (P > 0.05) (Table 4).

Linear regression analysis was conducted to examine

the relationship between syndecan 1 and statistically
significant parameters. The analysis revealed that serum

creatinine level and BMI SDS were the statistically
significant variables explaining changes in serum

syndecan 1 levels (Table 5).

5. Discussion

Obesity increases the risk of metabolic disorders
such as type 2 diabetes, insulin resistance, and

cardiovascular disease. Immune cells involved in

regulating chronic low-grade inflammation and
adipogenesis include members of the HSPG family.

However, the role of syndecan 1, a member of this family,
in regulating body fat and glucose homeostasis remains

unclear (2). Kasza et al. reported that the loss of

syndecan 1 in mice results in reduced subcutaneous fat
and increased sensitivity to cold stress. They suggested

https://brieflands.com/articles/ijp-148999
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Table 2. Summary of Measurements for the Control Group

Variables Mean ± SD Median Min-Max

BMI (kg/m 2) 19.25 ± 2.06 18.98 15.21 - 25.00

BMI SDS -0.10 ± 0.52 -0.24 -0.87 - 0.64

Syndecan 1 (ng/mL) 6.99 ± 3.79 6.26 1.39 - 24.47

Urea (mg/L) 25.37 ± 5.41 25.10 17.90 - 38.60

Creatinine (mg/dL) 0.43 ± 0.11 0.41 0.21 - 0.68

FBG (mg/dL) 90.40 ± 6.85 89.50 74.00 - 102.00

AST (U/L) 19.90 ± 5.24 19.00 9.00 - 35.00

ALT (U/L) 13.60 ± 7.16 11.50 6.00 - 41.00

Abbreviations: BMI, Body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBG, fasting blood glucose; BMI SDS, Body mass index standard deviation
score.

Table 3. Comparison of the Mean Measurements Between the Obese and Control Groups

Variables and Groups Mean ± SD Median Min-Max P-Value

BMI (kg/m 2) < 0.001 a, b

Control 19.25 ± 2.06 18.98 15.21 - 25.00
Obese 31.40 ± 3.29 30.65 26.00 - 39.60

BMI SDS < 0.001 a, b

Control -0.10 ± 0.52 -0.24 - 0.87 - 0.64

Obese 2.85 ± 0.50 2.78 2.10 - 3.92

Age (y) 0.746 c

Control 11.76 ± 1.81 12.00 8.00 - 15.00
Obese 11.93 ± 2.13 12.00 8.00 - 16.00

Syndecan 1 (ng/mL) < 0.001 a, b

Control 6.99 ± 3.79 6.26 1.39 - 24.47
Obese 15.65 ± 10.01 11.91 5.08 - 42.63

Urea (mg/L) 0.127 c

Control 25.37 ± 5.41 25.10 17.90 - 38.60
Obese 27.43 ± 4.87 26.53 19.00 - 38.60

Creatinine (mg/dL) < 0.001 b, c

Control 0.43 ± 0.11 0.41 0.21 - 0.68
Obese 0.59 ± 0.09 0.62 0.45 - 0.80

FBG mg/dL) 0.894 c

Control 90.40 ± 6.85 89.50 74.00 - 102.00

Obese 92.43 ± 12.50 90.50 71.00 - 132.00

AST (U/L) 0.006 a, b

Control 19.90 ± 5.24 19.00 9.00 - 35.00
Obese 25.06 ± 9.98 24.00 10.00 - 67.00

ALT (U/L) < 0.001 a, b

Control 13.60 ± 7.16 11.50 6.00 - 41.00
Obese 20.76 ± 8.99 18.00 10.00 - 39.00

Abbreviations: FBG, fasting blood glucose; BMI, Body Mass Index; AST, aspartate aminotransferase; BMI SDS, Body Mass Index standard deviation score; ALT, alanine
aminotransferase.
a Mann-Whitney U test.

b P < 0.05, statistically significant.
c Independent samples t-test.

that syndecan 1 functions as a lipoprotein uptake

receptor required for fat cell differentiation in vitro (15).

In mice, Jaiswal et al. also demonstrated the critical
multisystem and opposing roles of syndecan 1 in the

regulation of glucose homeostasis and normal energy
balance (2).

There are limited studies evaluating the association
between syndecan 1 levels and metabolic parameters in

obese children (13). In this study, serum syndecan 1

concentrations were significantly higher in obese

children compared to controls. Syndecan 1, the most
widely studied member of the syndecan family, is

involved in adhesion, cell growth, wound healing,
differentiation, and inflammatory processes (16). It has

been linked to obesity and chronic low-grade

inflammation (17, 18). Body Mass Index is commonly
used to describe obesity and its effects on the

https://brieflands.com/articles/ijp-148999
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Figure 1. Scatter diagram indicating the relationship between syndecan 1 and creatinine levels in obese children.

Table 4. Evaluation of the Relationship Between Syndecan 1 Levels and Various Parameters

Variables Pearson Correlation P-Value

Syndecan 1 (ng/mL)-Creatinine (mg/dL) 0.711 < 0.001

Syndecan 1 (ng/mL)-TG (mg/dL) 0.630 < 0.001

Syndecan 1 (ng/mL)-HDL-C (mg/dL) -0.609 < 0.001

Syndecan 1 (ng/mL)-LDL -C (mg/dL) 0.020 0.918

Syndecan 1 (ng/mL)-ALT (U/L) 0.155 0.412

Syndecan 1 (ng/mL)-AST (U/L) 0.071 0.710

Syndecan 1 (ng/mL)-FBG (mg/dL) 0.139 0.463

Syndecan 1 (ng/mL)-Ürea (mg/Ll) 0.151 0.427

Syndecan 1 (ng/mL)-BMI (kg/m2) 0.338 0.068

Syndecan 1 (ng/mL)-BMI SDS 0.682 < 0.001

Syndecan 1 (ng/mL)-Insulin (mU/L) 0.108 0.568

Syndecan 1 (ng/mL)-HOMA-IR 0.116 0.541

Abbreviations: HOMA-IR, homeostasis model assessment for insulin resistance; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; ALT,
alanine aminotransferase; HDL-C, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; BMI SDS, Body Mass Index standard deviation score; BMI, Body Mass
Index.

development of vascular and cardiac complications (19).

Inflammation can disrupt the endothelial structure by
promoting neutrophil-endothelial cell adhesion

through molecules present on endothelial cells and
leukocytes (3, 11). Syndecan 1 regulates inflammation

and has been linked to elevated leukocyte-endothelial

interactions in syndecan 1-deficient mice. While
primarily found in the epithelium, syndecan 1 is also

expressed in T-cells and other cell types (12). Previous
studies on adults have mostly focused on the association

of syndecan 1 with type 2 diabetes (3, 4, 11). Obesity,

especially central obesity, increases the risk of type 2
diabetes (20). Vascular inflammation and neutrophil

infiltration are more prevalent in obese and overweight
women and are significantly associated with BMI (21).

Wang et al. found a direct relationship between the

proportion of neutrophils expressing syndecan 1 and
BMI in diabetic patients, which may be due to

heightened inflammation in overweight or obese
individuals (3). In our study, we found a significant

positive correlation between BMI SDS and syndecan 1

levels. This suggests that syndecan 1 levels in obese
children are elevated both due to weight gain and low-

grade inflammation. Studies have also shown that
serum creatinine levels are significantly related to BMI,

with BMI being a predictor of increased creatinine levels

in children older than ten years (22). We identified a
significant positive association between serum

syndecan 1 concentrations and serum creatinine levels
in obese children. Saboia et al. also demonstrated a

https://brieflands.com/articles/ijp-148999
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Figure 2. Scatter diagram indicating the relationship between syndecan 1 and triglyceride (TG) levels

Figure 3. Scatter diagram displaying the relationship between syndecan 1 and high-density lipoprotein cholesterol (HDL-C) levels

significant link between renal function and endothelial

damage in obese adolescents. This relationship is
further supported by syndecan 1 levels, which have been

reported to indicate possible subclinical renal injury
and endothelial dysfunction (13). Elevated plasma

syndecan 1 and heparan sulfate levels are markers of

endothelial glycocalyx disruption, and it has been
suggested that these elevated levels may occur during

sudden changes in renal function (5).

We also observed a significant positive correlation

between serum TG levels and syndecan 1 levels, while a
significant negative correlation was found between

serum HDL-C levels and syndecan 1 levels in obese
children. Syndecan 1 may play a role in regulating

lipoprotein metabolism. As coreceptors and membrane

receptors, syndecans can undergo endocytosis upon

ligand stimulation, and this activity is crucial in lipid
metabolism (23). Clinically, serum syndecan 1, the core

protein of HSPG in the endothelial glycocalyx, serves as a
marker of endothelial damage in individuals with

various diseases, such as diabetes, chronic kidney

disease, sepsis, hypertriglyceridemia, and
cardiovascular disease (24). Endothelial dysfunction is

closely related to conditions like atherosclerosis. The
endothelial glycocalyx, which coats the inner surface of

the vascular endothelium, regulates leukocyte adhesion

and prevents leukocytes from sticking to endothelial
cells. Damage to the glycocalyx may precede the

development of atherosclerosis. As a component of the
glycocalyx, syndecan 1 degradation signals endothelial

https://brieflands.com/articles/ijp-148999
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Figure 4. Scatter diagram indicating the relationship between syndecan 1 levels and Body Mass Index standard deviation score (BMI SDS)

Table 5. Results of the Linear Regression Analysis for the Parameters that were Found to be Statistically Significant with Syndecan 1 a

Variables
Unstandardized Coefficients Standardized Coefficients

t Sig.
95.0% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

Constant -18.216 14.019 - -1.299 0.206 -47.088 10.655

Creatinine (mg/ dL) 36.518 16.601 0.343 2.200 0.037 2.328 70.708

TG (mg/ dL) 0.020 0.036 0.091 0.550 0.587 -0.054 0.093

HDL-C (mg/dL) -0.239 0.157 -0.227 -1.523 0.140 -0.562 0.084

BMI SDS 6.956 2.840 0.349 2.450 0.022 1.108 12.805

Abbreviations: TG, triglyceride; HDL -C, high-density lipoprotein cholesterol; BMI SDS, Body Mass Index standard deviation score.

a Dependent Variable: Syndecan 1 (ng/mL).

damage. Although the exact mechanism of how

syndecan 1 affects lipid profiles in obese individuals is
not fully understood, when the glycocalyx is damaged,

syndecan 1 is released from the endothelium, increasing

its levels in the bloodstream (25).

We found no significant correlations between serum
syndecan 1 levels and LDL-C, ALT, AST, glucose, urea,

HOMA-IR, or insulin levels in obese children. This

finding suggests that elevated serum syndecan 1 levels
in obese children are primarily related to early

endothelial damage and lipid metabolism
dysregulation. The limitations of our study include the

lack of data on body composition, a detailed clinical

assessment of obesity-related complications, and a
small sample size. However, one of the strengths of our

study is that it addresses the limited number of studies
evaluating serum syndecan 1 levels in obese children,

particularly those with obesity, contributing valuable

data to the existing literature.

5.1. Conclusions

Syndecan 1 is a key component of the glycocalyx, and

its degradation indicates endothelial damage. While
most research on syndecan 1 has focused on individuals

with type 2 diabetes, our study observed elevated serum

syndecan 1 levels in children with obesity. In these
children, serum syndecan 1 levels were positively

correlated with serum creatinine, TG levels, and BMI
SDS, and negatively correlated with HDL-C levels.

Therefore, serum syndecan 1 levels may serve as a useful

marker for detecting endothelial damage in obese
children. Syndecan 1 could potentially be used as an

early biomarker to assess obesity-related kidney injury
and cardiovascular risk in this population.

Acknowledgements

We thank Health Sciences University Bagcılar
Training and Research Hospital for administrative

support.

Footnotes

https://brieflands.com/articles/ijp-148999


Erol M et al. Brieflands

8 Iran J Pediatr. 2024; In Press(In Press): e148999

Authors' Contribution: M. E., A. T.: Conceived and

designed the evaluation and drafted the manuscript; Ö.

B. G., A. Ö., M. E.: Participated in designing the
evaluation, performed parts of the statistical analysis

and helped to draft the manuscript; M. E., A. T.: Re-
evaluated the clinical data, revised the manuscript and

performed the statistical analysis and revised the

manuscript; O. Y., A. Ö., and Ö. B. G.: Collected the clinical
data, interpreted them and revised the manuscript; C. Y.,

M. E.: Re-analyzed the clinical and statistical data and
revised the manuscript.

Conflict of Interests Statement: The authors

declared no conflict of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author

during submission or after publication.

Ethical Approval: 22.12.2023/no: 364 .

Funding/Support: The laboratory kit costs of this
study were supported by the decision of the education

support meeting of Bağcılar Training and Research

Hospital dated 04.01.2024 and numbered 2024/1.

Informed Consent: Written informed consent was

obtained from the children and their parents.

References

1. Agere SA, Kim EY, Akhtar N, Ahmed S. Syndecans in chronic
inflammatory and autoimmune diseases: Pathological insights and
therapeutic opportunities. J Cell Physiol. 2018;233(9):6346-58.
[PubMed ID: 29226950]. [PubMed Central ID: PMC6679927].
https://doi.org/10.1002/jcp.26388.

2. Jaiswal AK, Sadasivam M, Aja S, Hamad ARA. Lack of Syndecan-1
produces significant alterations in whole-body composition,

metabolism and glucose homeostasis in mice. World J Diabetes.
2020;11(4):126-36. [PubMed ID: 32313611]. [PubMed Central ID:
PMC7156300]. https://doi.org/10.4239/wjd.v11.i4.126.

3. Wang JB, Zhang YJ, Guan J, Zhou L, Sheng Y, Zhang Y, et al. Enhanced
syndecan-1 expression on neutrophils in patients with type 2
diabetes mellitus. Acta Diabetol. 2012;49(1):41-6. [PubMed ID:
21327984]. https://doi.org/10.1007/s00592-011-0265-1.

4. Wang JB, Zhang YJ, Zhang Y, Guan J, Chen LY, Fu CH, et al. Negative

correlation between serum syndecan-1 and apolipoprotein A1 in
patients with type 2 diabetes mellitus. Acta Diabetol. 2013;50(2):111-5.
[PubMed ID: 20683626]. https://doi.org/10.1007/s00592-010-0216-2.

5. Hahn RG, Zdolsek M, Zdolsek J. Plasma concentrations of syndecan-1
are dependent on kidney function. Acta Anaesthesiol Scand.
2021;65(6):809-15. [PubMed ID: 33595099].
https://doi.org/10.1111/aas.13801.

6. Cavaliere G, Cimmino F, Trinchese G, Catapano A, Petrella L, D'Angelo

M, et al. From Obesity-Induced Low-Grade Inflammation to
Lipotoxicity and Mitochondrial Dysfunction: Altered Multi-Crosstalk
between Adipose Tissue and Metabolically Active Organs.
Antioxidants (Basel). 2023;12(6). [PubMed ID: 37371902]. [PubMed
Central ID: PMC10295335]. https://doi.org/10.3390/antiox12061172.

7. Polak-Szczybylo E. Low-Grade Inflammation and Role of Anti-

Inflammatory Diet in Childhood Obesity. Int J Environ Res Public

Health. 2023;20(3). [PubMed ID: 36767041]. [PubMed Central ID:
PMC9914259]. https://doi.org/10.3390/ijerph20031682.

8. Jin X, Qiu T, Li L, Yu R, Chen X, Li C, et al. Pathophysiology of obesity
and its associated diseases. Acta Pharm Sin B. 2023;13(6):2403-24.
[PubMed ID: 37425065]. [PubMed Central ID: PMC10326265].
https://doi.org/10.1016/j.apsb.2023.01.012.

9. Luo L, Feng S, Wu Y, Su Y, Jing F, Yi Q. Serum Levels of Syndecan-1 in

Patients With Kawasaki Disease. Pediatr Infect Dis J. 2019;38(1):89-94.
[PubMed ID: 29601451]. [PubMed Central ID: PMC6296840].
https://doi.org/10.1097/INF.0000000000002047.

10. Miftode RS, Serban IL, Timpau AS, Miftode IL, Ion A, Buburuz AM, et al.
Syndecan-1: A Review on Its Role in Heart Failure and Chronic Liver
Disease Patients' Assessment. Cardiol Res Pract. 2019;2019:4750580.
[PubMed ID: 31815014]. [PubMed Central ID: PMC6878788].
https://doi.org/10.1155/2019/4750580.

11. Wang JB, Guan J, Shen J, Zhou L, Zhang YJ, Si YF, et al. Insulin increases
shedding of syndecan-1 in the serum of patients with type 2 diabetes
mellitus. Diabetes Res Clin Pract. 2009;86(2):83-8. [PubMed ID:
19735958]. https://doi.org/10.1016/j.diabres.2009.08.002.

12. Gotte M, Joussen AM, Klein C, Andre P, Wagner DD, Hinkes MT, et al.
Role of syndecan-1 in leukocyte-endothelial interactions in the
ocular vasculature. Invest Ophthalmol Vis Sci. 2002;43(4):1135-41.
[PubMed ID: 11923257].

13. Saboia Z, Meneses GC, Martins AMC, Daher EF, Silva Junior GB.
Association between syndecan-1 and renal function in adolescents
with excess weight: evidence of subclinical kidney disease and
endothelial dysfunction. Braz J Med Biol Res. 2018;51(3). e7174.
[PubMed ID: 29340529]. [PubMed Central ID: PMC5769763].
https://doi.org/10.1590/1414-431X20177174.

14. Neyzi O, Bundak R, Gokcay G, Gunoz H, Furman A, Darendeliler F, et
al. Reference Values for Weight, Height, Head Circumference, and

Body Mass Index in Turkish Children. J Clin Res Pediatr Endocrinol.
2015;7(4):280-93. [PubMed ID: 26777039]. [PubMed Central ID:
PMC4805217]. https://doi.org/10.4274/jcrpe.2183.

15. Kasza I, Suh Y, Wollny D, Clark RJ, Roopra A, Colman RJ, et al.
Syndecan-1 is required to maintain intradermal fat and prevent cold
stress. PLoS Genet. 2014;10(8). e1004514. [PubMed ID: 25101993].
[PubMed Central ID: PMC4125098].
https://doi.org/10.1371/journal.pgen.1004514.

16. Jia X, Zhu Z, Miao J, Zhang L, Li X, Bao Y, et al. Serum Syndecan-1 levels
in patients with immunoglobulin A vasculitis in children. J Pediatr

(Rio J). 2022;98(5):526-32. [PubMed ID: 35240047]. [PubMed Central
ID: PMC9510791]. https://doi.org/10.1016/j.jped.2022.01.004.

17. Savulescu-Fiedler I, Mihalcea R, Dragosloveanu S, Scheau C, Baz RO,
Caruntu A, et al. The Interplay between Obesity and Inflammation.
Life (Basel). 2024;14(7). [PubMed ID: 39063610]. [PubMed Central ID:
PMC11277997]. https://doi.org/10.3390/life14070856.

18. Pessentheiner AR, Ducasa GM, Gordts P. Proteoglycans in Obesity-
Associated Metabolic Dysfunction and Meta-Inflammation. Front

Immunol. 2020;11:769. [PubMed ID: 32508807]. [PubMed Central ID:
PMC7248225]. https://doi.org/10.3389/fimmu.2020.00769.

19. Mokha JS, Srinivasan SR, Dasmahapatra P, Fernandez C, Chen W, Xu J,
et al. Utility of waist-to-height ratio in assessing the status of central
obesity and related cardiometabolic risk profile among normal
weight and overweight/obese children: the Bogalusa Heart Study.

BMC Pediatr. 2010;10:73. [PubMed ID: 20937123]. [PubMed Central ID:
PMC2964659]. https://doi.org/10.1186/1471-2431-10-73.

20. Chandrasekaran P, Weiskirchen R. The Role of Obesity in Type 2
Diabetes Mellitus-An Overview. Int J Mol Sci. 2024;25(3). [PubMed ID:
38339160]. [PubMed Central ID: PMC10855901].
https://doi.org/10.3390/ijms25031882.

https://brieflands.com/articles/ijp-148999
https://istanbuleah.saglik.gov.tr/TR,168273/formlar.html
http://www.ncbi.nlm.nih.gov/pubmed/29226950
https://www.ncbi.nlm.nih.gov/pmc/PMC6679927
https://doi.org/10.1002/jcp.26388
http://www.ncbi.nlm.nih.gov/pubmed/32313611
https://www.ncbi.nlm.nih.gov/pmc/PMC7156300
https://doi.org/10.4239/wjd.v11.i4.126
http://www.ncbi.nlm.nih.gov/pubmed/21327984
https://doi.org/10.1007/s00592-011-0265-1
http://www.ncbi.nlm.nih.gov/pubmed/20683626
https://doi.org/10.1007/s00592-010-0216-2
http://www.ncbi.nlm.nih.gov/pubmed/33595099
https://doi.org/10.1111/aas.13801
http://www.ncbi.nlm.nih.gov/pubmed/37371902
https://www.ncbi.nlm.nih.gov/pmc/PMC10295335
https://doi.org/10.3390/antiox12061172
http://www.ncbi.nlm.nih.gov/pubmed/36767041
https://www.ncbi.nlm.nih.gov/pmc/PMC9914259
https://doi.org/10.3390/ijerph20031682
http://www.ncbi.nlm.nih.gov/pubmed/37425065
https://www.ncbi.nlm.nih.gov/pmc/PMC10326265
https://doi.org/10.1016/j.apsb.2023.01.012
http://www.ncbi.nlm.nih.gov/pubmed/29601451
https://www.ncbi.nlm.nih.gov/pmc/PMC6296840
https://doi.org/10.1097/INF.0000000000002047
http://www.ncbi.nlm.nih.gov/pubmed/31815014
https://www.ncbi.nlm.nih.gov/pmc/PMC6878788
https://doi.org/10.1155/2019/4750580
http://www.ncbi.nlm.nih.gov/pubmed/19735958
https://doi.org/10.1016/j.diabres.2009.08.002
http://www.ncbi.nlm.nih.gov/pubmed/11923257
http://www.ncbi.nlm.nih.gov/pubmed/29340529
https://www.ncbi.nlm.nih.gov/pmc/PMC5769763
https://doi.org/10.1590/1414-431X20177174
http://www.ncbi.nlm.nih.gov/pubmed/26777039
https://www.ncbi.nlm.nih.gov/pmc/PMC4805217
https://doi.org/10.4274/jcrpe.2183
http://www.ncbi.nlm.nih.gov/pubmed/25101993
https://www.ncbi.nlm.nih.gov/pmc/PMC4125098
https://doi.org/10.1371/journal.pgen.1004514
http://www.ncbi.nlm.nih.gov/pubmed/35240047
https://www.ncbi.nlm.nih.gov/pmc/PMC9510791
https://doi.org/10.1016/j.jped.2022.01.004
http://www.ncbi.nlm.nih.gov/pubmed/39063610
https://www.ncbi.nlm.nih.gov/pmc/PMC11277997
https://doi.org/10.3390/life14070856
http://www.ncbi.nlm.nih.gov/pubmed/32508807
https://www.ncbi.nlm.nih.gov/pmc/PMC7248225
https://doi.org/10.3389/fimmu.2020.00769
http://www.ncbi.nlm.nih.gov/pubmed/20937123
https://www.ncbi.nlm.nih.gov/pmc/PMC2964659
https://doi.org/10.1186/1471-2431-10-73
http://www.ncbi.nlm.nih.gov/pubmed/38339160
https://www.ncbi.nlm.nih.gov/pmc/PMC10855901
https://doi.org/10.3390/ijms25031882


Erol M et al. Brieflands

Iran J Pediatr. 2024; In Press(In Press): e148999 9

21. Shah TJ, Leik CE, Walsh SW. Neutrophil infiltration and systemic

vascular inflammation in obese women. Reprod Sci. 2010;17(2):116-24.
[PubMed ID: 19820230]. [PubMed Central ID: PMC2832323].
https://doi.org/10.1177/1933719109348252.

22. Li XM, Ma YT, Xie X, Yang YN, Li XM, Zheng YY. Relationship between
serum creatinine and obesity in children in Xinjiang, China. Genet

Mol Res. 2014;13(2):2409-16. [PubMed ID: 24781995].
https://doi.org/10.4238/2014.April.3.13.

23. Stanford KI, Bishop JR, Foley EM, Gonzales JC, Niesman IR, Witztum

JL, et al. Syndecan-1 is the primary heparan sulfate proteoglycan
mediating hepatic clearance of triglyceride-rich lipoproteins in

mice. J Clin Invest. 2009;119(11):3236-45. [PubMed ID: 19805913].

[PubMed Central ID: PMC2769193]. https://doi.org/10.1172/JCI38251.

24. Suzuki K, Okada H, Sumi K, Tomita H, Kobayashi R, Ishihara T, et al.
Serum syndecan-1 reflects organ dysfunction in critically ill patients.
Sci Rep. 2021;11(1):8864. [PubMed ID: 33893369]. [PubMed Central ID:
PMC8065146]. https://doi.org/10.1038/s41598-021-88303-7.

25. Oda K, Okada H, Suzuki A, Tomita H, Kobayashi R, Sumi K, et al.
Factors Enhancing Serum Syndecan-1 Concentrations: A Large-Scale
Comprehensive Medical Examination. J Clin Med. 2019;8(9). [PubMed

ID: 31462009]. [PubMed Central ID: PMC6780947].
https://doi.org/10.3390/jcm8091320.

https://brieflands.com/articles/ijp-148999
http://www.ncbi.nlm.nih.gov/pubmed/19820230
https://www.ncbi.nlm.nih.gov/pmc/PMC2832323
https://doi.org/10.1177/1933719109348252
http://www.ncbi.nlm.nih.gov/pubmed/24781995
https://doi.org/10.4238/2014.April.3.13
http://www.ncbi.nlm.nih.gov/pubmed/19805913
https://www.ncbi.nlm.nih.gov/pmc/PMC2769193
https://doi.org/10.1172/JCI38251
http://www.ncbi.nlm.nih.gov/pubmed/19805913
https://www.ncbi.nlm.nih.gov/pmc/PMC2769193
https://doi.org/10.1172/JCI38251
http://www.ncbi.nlm.nih.gov/pubmed/33893369
https://www.ncbi.nlm.nih.gov/pmc/PMC8065146
https://doi.org/10.1038/s41598-021-88303-7
http://www.ncbi.nlm.nih.gov/pubmed/31462009
https://www.ncbi.nlm.nih.gov/pmc/PMC6780947
https://doi.org/10.3390/jcm8091320

