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What is already known on this topic? 
In animal models of obesity, adipocyte-derived versican and macrophage-derived biglycan play a crucial role in mediating adipose tissue 
inflammation and inhibition of versican in mouse models reduces macrophage accumulation, inflammatory gene expression, and liver 
inflammation, leading to improved glucose tolerance and insulin sensitivity. 

What this study adds? 
This is the first study to reveal elevated levels of versican in obese children and a positive correlation of versican with inflammatory markers, 
such as IL6 and hsCRP. This suggests that attenuating versican release in obese individuals may have the potential to decelerate the 
inflammatory process, thereby reducing associated complications. 

Abstract 
Objective: In animal models of obesity, adipocyte-derived versican, and macrophage-derived biglycan play a crucial role in mediating 
adipose tissue inflammation. We aimed to investigate the levels of versican and biglycan in obese children and their potential association 
with body adipose tissue and hepatosteatosis. 
Methods: Serum levels of versican, biglycan, IL-6, and hsCRP were measured using the ELISA method. The fat deposition in the liver, 
spleen, and subcutaneous adipose tissue was calculated using the IDEAL-IQ sequences of MRI. Bioimpedance analysis was performed using 
the Tanita BC 418 MA device.  
Results: The study included 36 obese and 30 healthy children. Serum levels of versican, hsCRP, and IL-6 were higher in the obese group, 
while no significant difference was found in biglycan levels between the groups. There was a positive correlation between versican, biglycan, 
hsCRP, and IL-6. The MRI revealed higher segmental and global hepatic steatosis in obese children. There was no relationship between the 
hepatic fat content and versican, biglycan, IL-6, and hsCRP. Versican, biglycan, hsCRP, and IL-6 were not predictive of hepatosteatosis. 
Body fat percentage >32% provided a predictive sensitivity of 81.8% and a specificity of 70.5% for hepatosteatosis (AUC: 0.819, p<0.001). 
Similarly, a BMI SDS >1.75 yielded a predictive sensitivity of 81.8% and a specificity of 69.8% for predicting hepatosteatosis (AUC: 0.789, 
p<0.001). 
Conclusion: Obese children have higher levels of versican, hsCRP, and IL-6, and more fatty liver than their healthy peers. Body fat 
percentage and BMI SDS were the best predictors for hepatosteatosis in these children. 
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Introduction 
Obesity is an epidemic disease affecting all age groups worldwide, with its prevalence rapidly increasing (1). Adipose tissue serves not only 
as a primary site of storage for excess energy but also triggers a chronic inflammatory process through the secretion of autocrine/paracrine 
molecules and cytokines (2,3). Lymphocytes and macrophages accumulated in adipose tissue release various proinflammatory/anti-
inflammatory molecules such as TNFα, IL-1, IL-4, IL-6, IL-10, and from adipocytes, molecules like leptin, adiponectin, visfatin, resistin, 
adipsin, thereby initiating a chronic inflammatory process (2,4,5). This process originating in adipose tissue culminates in systemic 
inflammation, giving rise to complications like insulin resistance, metabolic syndrome, and type 2 diabetes mellitus (6,7). Additionally, 
increased extracellular matrix (ECM) molecules and their degradation products function as immunomodulators (6,8,9). Identifying ECM 
components associated with adipose tissue inflammation and metabolic disturbances is crucial for a better understanding of this process (10). 
Versican, released from hypertrophic adipocytes during inflammatory conditions, functions as a proteoglycan rich in chondroitin sulfate. It 
exerts its function by binding to serum amyloid A in HDL. Versican is known to regulate events associated with adipose tissue inflammation, 
including lipoprotein retention, lipid uptake, and foam cell formation. Furthermore, it interacts with molecules such as chemokines, growth 
factors, proteases, and receptors like CD44, PSGL-1, TLR2, facilitating the formation of intracellular signals (6,10,11,12). 
Another proinflammatory molecule biglycan is a small proteoglycan rich in leucine, serves as a structural scaffold by interacting with 
collagen and elastin molecules in the ECM under physiological conditions. Additionally, its production increases in the adipose tissue during 
inflammatory states due to the accumulation of macrophages in the region. Elevated biglycan molecules bind to TLR2 and TLR4, inducing 
the secretion of proinflammatory cytokines such as TNF-α and IL-1β, thus playing a role in adipose tissue inflammation (6,10,13). 
Han et al. investigated the effects of adipose tissue proteoglycans on inflammation and insulin resistance (6). They examined the molecules 
versican released from adipocytes and biglycan released from macrophages. In their experiments with mice, they observed an increased 
presence of versican and biglycan molecules in the adipose tissue of obese mice. Through targeted deletion of adipocyte-specific versican, 
the researchers noted a mitigation of macrophage chemotaxis. This intervention was associated with a reduction in the expression of 
inflammatory genes, attenuation of hepatic inflammation, augmentation of insulin sensitivity, and improvement in glucose tolerance. These 
outcomes suggest that versican exerts a regulatory influence on these processes. Conversely, deletion of macrophage-specific biglycan led to 
reduced macrophage accumulation and cytokine/chemokine release. However, while a decrease in liver inflammation and an increase in 
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insulin sensitivity were observed with versican deletion, these effects were not evident in mice with biglycan deletion. This study 
demonstrated the association of elevated biglycan levels with inflammation, obesity, insulin resistance, and type 2 diabetes in mice (6). 
Inflammatory process in adipose tissue contributes to the early development of insulin resistance, dyslipidemia and hepatosteatosis in obesity 
(14). Although ultrasonography (US) is commonly used for detecting non-alcoholic fatty liver disease (NAFLD), which is the most prevalent 
chronic liver condition, liver biopsy remains the gold standard diagnostic tool (15). However, biopsy, being an invasive procedure, can yield 
false negatives in patients without diffuse hepatosteatosis. In recent years, a noninvasive method known as "iterative decomposition of water 
and fat with an echo asymmetry at least-square estimation-iron quantification (IDEAL-IQ) sequence," utilized through magnetic resonance 
imaging (MRI), has emerged as a reliable means for the detection of NAFLD (16).  
A clinical study investigating the relationship between versican, biglycan, and metabolic parameters related to obesity has not been 
encountered previously. In this study, the levels of versican and biglycan, which are believed to play a significant role in the etiopathogenesis 
and complications of obesity, were examined in obese children. Additionally, the aim was to explore the association of these molecules with 
adipose tissue, hepatosteatosis, and inflammation in the context of obesity. 
Material and Methods 
The study included obese children aged 7-18 years presenting to our pediatric endocrinology clinic with complaints of weight gain. These 
children had a body mass index (BMI) ≥ 95th percentile based on data from Turkish children. Gender and age-matched healthy children with 
BMI < 85th percentile were selected as the control group. 
Patients underwent detailed physical examinations and laboratory tests were conducted to assess the possibility of underlying endocrine 
pathologies. Cases with any chronic diseases, a history of medication use, identified endocrine pathologies, and cases suspected of syndromic 
or monogenic origins were excluded from the study. Anthropometric measurements were carried out using a Harpenden stadiometer with a 
precision of 0.1 cm for height and a SECA scale with a precision of 0.1 kg for weight. Patients were evaluated after removing all clothing 
except thin underwear. BMI was calculated by dividing body weight (kg) by the square of measured height (m) and then transformed into 
SDS using national BMI references (17).  
Blood pressure measurements were conducted by one of the investigators following a validated protocol. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were taken two times from the right arm after a 10-minute rest in the supine position, utilizing a calibrated 
sphygmomanometer with appropriate cuff size (18). Waist circumference was measured using a flexible tape, positioned midway between the 
lowest rib and the superior border of the iliac crest (19). The measurement of triceps skinfold thickness was conducted using the Holtain 
skinfold caliper. One investigator performed triceps skinfold thickness measurements by grasping a fold of skin and subcutaneous adipose 
tissue approximately 2.0 cm above the mid-arm circumference mark. The procedure involved placing the tips of the caliper jaws over the 
entire skinfold, followed by releasing the caliper handle to apply full tension on the skinfold. The thickness, closest to 0.1 mm, was then read 
(20). Bioelectrical impedance analysis was performed according to standards using the Tanita BC 418 MA device. The basal metabolic rate 
was determined through bioimpedance analysis. 
Fasting blood samples were collected from the peripheral vein between 08:00 and 09:00 in the morning after a minimum of 12 hours of 
fasting. Serum fasting glucose, insulin, glycated hemoglobin (HbA1c), total cholesterol (TC), triglycerides (TG), low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL) levels were measured using enzymatic colorimetric methods. Biochemical analyses were 
performed using original reagents on an autoanalyzer with standardized methods at Aydın Adnan Menderes University School of Medicine 
Hospital. To assess insulin resistance, the Homeostasis Model Assessment-Insulin Resistance (HOMA-IR) index was utilized. Different cut-
off values were employed for prepubertal and pubertal periods to evaluate insulin resistance. The cut-off values for the HOMA-IR index 
were set at 2.22 for prepubertal girls, 2.67 for prepubertal boys, 3.82 for pubertal girls, and 5.22 for pubertal boys (21). 
Plasma levels of versican (Sunlong, Cat NO: SL1818Hu, Detection Range: 16-1000 pg/mL, Sensitivity: 4.5 pg/mL, Hangzhou, China), 
biglycan (Sunlong, Cat NO: SL2244Hu, Detection Range: 0.08-4 ng/mL, Sensitivity: 0.01 ng/mL, Hangzhou, China), IL-6 (Sunred, Cat NO: 
201-12-0091, Detection Range: 3-600 ng/L, Sensitivity: 2.112 ng/L, Shanghai, China), and high-sensitivity CRP (Sunred, Cat NO: 201-12-
1816, Detection Range: 0.15-40 ng/L, Sensitivity: 0.112 ng/L, Shanghai, China) were measured using commercial kits following the 
manufacturer's procedures. In the utilized commercial kits, antibody-coated plates were employed, and the sandwich ELISA method was 
used. Plasma samples were applied onto these plates, followed by incubation following the kit procedure to allow the specific binding of the 
relevant molecules to the specific antibodies. Subsequent washing steps were conducted to remove unbound molecules, and measurements 
were taken at 450 nm using an ELISA reader. The results were then calculated based on the utilized standard curve. 
Hepatosteatosis was assessed by both US and MRI. US was performed in the supine position by an experienced radiologist using a Sonostar 
C5PL portable handheld ultrasound device (Sonostar Technologies Co. Ltd, Guangzhou, China). Hepatosteatosis was defined based on the 
increased difference in echogenicity between the liver and kidney. The evaluation was categorized into no steatosis (grade 0), mild (grade 1), 
moderate (grade 2), and severe (grade 3) steatosis according to the ultrasound steatosis score (22,23). MRI was conducted using a GE 3T 
Sigma Pioneer SW 29.0_R01_2034.a device. The IDEAL-IQ sequence, a brief imaging protocol without contrast, was employed to obtain 
cross-sectional images encompassing the liver, spleen, and subcutaneous adipose tissue within the abdominal region. The acquired images 
were used to calculate the percentages of fat in the liver, spleen, and subcutaneous adipose tissue using the GE AW 4.7 version workstation. 
The liver parenchyma was divided into nine segments, and measurements were taken. In the segmental measurement technique, each 
segment of the liver was measured separately, and the average of the measurements was taken. In the global measurement technique, the 
entire liver parenchyma was measured in a single session (16). 
Statement of Ethics: All procedures performed in studies involving human participants were in accordance with the ethical standards of the 
institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical 
standards. The study was approved by the non-interventional ethics committee of Aydın Adnan Menderes University (Ethics no: 2021/83). 
Informed consent in this study was taken from all participants. 
Statistical Analysis 
The statistical analysis of the data was conducted using the Statistical Package for Social Science (SPSS) version 21 software (IBM Corp. 
Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp). The normality of continuous variables was 
assessed through descriptive statistics, skewness, kurtosis coefficients, histograms, and the Shapiro-Wilk test. Descriptive statistics were 
presented using counts, percentages, means, and standard deviations for normally distributed data, and medians, minimum, and maximum 
values for non-normally distributed data. For categorical variables, the chi-squared test was used in the statistical analysis. For independent 
group comparisons, if the data followed a normal distribution, the t-test was applied, and if not, the Mann-Whitney U test was used. 
Spearman correlation and ROC analysis were used. The Type I error level was set at 5%, and p-values less than 0.05 were considered 
statistically significant. 
Results 
A total of 36 obese and 30 healthy children were included in the study. There were no significant differences between the obese and healthy 
groups in terms of age, gender, height, and diastolic blood pressure (p > 0.05). However, obese individuals exhibited higher weight, BMI, 
systolic blood pressure, waist circumference, triceps skinfold thickness, basal metabolic rate, and body fat percentage (p < 0.05). 
In the obese group, serum insulin levels were higher, and the incidence of insulin resistance was greater. Triglycerides, LDL cholesterol, 
HbA1c, alanine aminotransferase (ALT), and white blood cell count were higher among the obese individuals, while HDL cholesterol levels 
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were lower. Total cholesterol, aspartate aminotransferase (AST), and thyroid function tests showed similar results between the two groups 
(Table 1). 
When compared to the control group, serum levels of versican, IL-6, and hsCRP were higher in obese children, whereas biglycan levels were 
similar between the two groups (Table 1). 
Table 2 revealed the presence of positive relations among versican, biglycan, hsCRP, and IL-6. There was no relationship between the degree 
of hepatosteatosis and plasma levels of versican, biglycan, IL-6, and hsCRP. Additionally, no correlation was detected between metabolic 
parameters (glucose, hemoglobin A1c, insulin, HOMA-IR, lipid profile, TSH, sT4, and leukocyte) and serum levels of versican and biglycan. 
Similar results were obtained from both US and MRI for the assessment of hepatic fat content. When comparing groups based on MRI 
findings, obese children had significantly higher liver fat content than the control group using both the segmental and global measurement 
techniques (p < 0.001). Spleen fat levels were similar in both groups. Liver fat content was positively correlated with triglycerides, LDL, 
HbA1c, ALT, white blood cell count, basal metabolic rate, and body fat percentage, while it was negatively correlated with HDL (r = 0.333, 
r = 0.268, r = 0.339, r = 0.365, r = 0.529, r = 0.310, r = 0.634, r = -0.330, respectively; p < 0.05). Patients with hepatosteatosis had higher 
levels of HbA1c, white blood cells, insulin, HOMA-IR, triglycerides, LDL, ALT, sT4, body fat percentage, and body fat weight (p < 0.05). 
Participants with higher body fat percentages exhibited significantly higher serum versican levels, while those with more subcutaneous 
adipose tissue had higher IL-6 levels (p < 0.05). 
Plasma levels of versican, biglycan, hsCRP, and IL-6 were not significantly predictive of hepatosteatosis (p > 0.05). A body fat percentage of 
over 32 % provided a predictive sensitivity of 81.8 % and specificity of 70.5 % (AUC: 0.819, p < 0.001) for hepatosteatosis. Similarly, a 
BMI SDS (Standard Deviation Score) above 1.75 yielded a predictive sensitivity of 81.8 % and specificity of 69.8 % (AUC: 0.789, p < 
0.001) for predicting hepatosteatosis (Table 3, Figure 1). 
Discussion 
In obese individuals, along with various metabolic events, there is also a chronic inflammatory process, known to involve inflammatory 
markers such as IL-6 and hsCRP (2,24). This study investigates the serum levels of proteoglycans, specifically versican and biglycan, 
previously shown to increase during the inflammatory process in animal experiments. The research aims to explore the associations between 
these proteoglycans and inflammatory markers, including IL-6 and hsCRP, as well as their relation to hepatosteatosis in obese children.  
Due to the chronic inflammatory process, inflammatory markers are known to be elevated in obese individuals (2,5,7,25). Furthermore, 
several studies have demonstrated that complications such as hepatosteatosis, metabolic syndrome, and type 2 diabetes mellitus arise from 
the chronic inflammation seen in obesity (24,25,26). In our study, inflammatory markers IL-6 and hsCRP were found to be higher in obese 
children compared to the control group. This finding implies that the origins of complications are established during the early stages of life. 
The number of studies focusing on the role of versican in the regulation of inflammation and immunity is steadily increasing. Versican, with 
its known 5 isoforms, binds to various receptors and components involved in the inflammatory response, playing a pivotal role in both pro- 
and anti-inflammatory processes (9). In experiments conducted with obese mice, it has been demonstrated that obese mice exhibit increased 
production of versican from adipocyte cells. Inhibition of versican production from adipocytes has been shown to reduce macrophage 
accumulation, inflammatory gene expression, liver inflammation, resulting in improved insulin sensitivity and glucose tolerance (6). In 
various human studies, the association between versican and inflammation, such as cardiovascular diseases, respiratory diseases, and certain 
cancer types has been investigated and increased serum versican levels have been reported in these diseases where inflammation is present 
(9,12,27). However, there seems to be no existing study in the literature regarding versican levels in obese individuals. In our study, 
consistent with animal experiments in the literature serum versican levels in obese children were found to be higher compared to the control 
group (6). This suggests that interventions aimed at preventing the increased release or accumulation of versican might slow down the 
inflammatory process, thereby reducing the complications caused by chronic inflammation in obese individuals. 
High levels of biglycan have been associated with inflammation, obesity, insulin resistance, and type 2 diabetes mellitus (10,28). However, 
unlike versican, the relationship between biglycan and hepatosteatosis has not been established (6,10). Previous animal studies have shown a 
link between obesity, insulin resistance, and biglycan levels. Nevertheless, in our study, no significant differences were observed in serum 
biglycan levels between obese children and the control group. This suggests that the in vivo relationship might be different, or this 
relationship might manifest later in life and may not be distinctly evident in the childhood age group. In line with the literature, our study 
also found no correlation between serum biglycan levels and liver fat content (6,28). 
In obese individuals, the chronic inflammatory process associated with increased adipose tissue, which is both a cause and a consequence of 
obesity, is known to lead to elevated inflammatory markers, including hsCRP (29,30,31). Furthermore, as previously mentioned, the 
increased production and secretion of versican and biglycan due to the expansion of adipose tissue and their relationship with inflammatory 
cells have been shown to play a role in chronic inflammation (6,8,9). In our study, a strong positive correlation was observed between 
hsCRP, versican, and biglycan levels, all of which have functional roles in the chronic inflammatory process. Partial correlation analysis was 
performed, revealing that the associations between versican, biglycan, IL6, and hsCRP persisted in a similar manner. The correlation of 
versican and biglycan levels with hsCRP and IL-6 in obese children indicates a potential role of versican and biglycan in the inflammation 
process of obesity. Based on insights from animal studies, when evaluating the relationship between serum versican and biglycan levels with 
metabolic parameters yielded no evident correlation. The lack of correlation between versican and biglycan with metabolic parameters was 
attributed to the small sample size in this study. 
Steatosis involving more than 5% of the weight of hepatocytes or liver tissue is considered abnormal (32). Studies on the accurate detection 
and grading of NAFDL have been continuing for many years. The gold standard method for the quantitative diagnosis of hepatosteatosis 
remains biopsy. However, the routine use of biopsy is quite limited due to its invasiveness and sampling errors (33). Ultrasound stands out as 
an economical and useful method, but it is highly subjective, and its quantitative and objective criteria are not clear (34). Even though US is 
relatively easy to perform and interpret, some limitations may be encountered: a quantitative assessment is not performed, when lower than 
20% steatosis may not be detected (35). MR imaging techniques are currently in clinical use for the detection and quantification of hepatic 
steatosis (36,37). IDEAL-IQ method of MRI is based on the water and oil separation technique based on chemical change to obtain the 
proton-dense oil fraction. Many studies have shown that using IDEAL-IQ to test the stability and reproducibility of liver fat is acceptable and 
has high accuracy (16,38). MRI accurately classifies grades and changes in hepatosteatosis, with 80.0%-95.8% sensitivity and 83.6%-100% 
specificity (39,40). However, due to the high cost, time-consuming nature, and limited accessibility of MRI, there is a need for more practical 
and cost-effective methods to identify hepatosteatosis. Considering this objective we systematically assessed the relationship between 
hepatosteatosis identified via MRI, and various biochemical and auxological parameters. In concordance with existing literature, most of the 
participants manifesting hepatosteatosis exhibited obesity, with this condition correlating with elevated levels of liver fat accumulation and 
an augmented ratio of subcutaneous adipose tissue. Similar to previous studies, hepatosteatosis demonstrated positive correlations with 
triglycerides, LDL, HbA1c, ALT, white blood cell count, basal metabolic rate, and body fat ratio, while exhibiting a negative correlation 
with HDL (32,40,41). Based on ROC analysis, similar to NASPGHAN, ALT displayed predictive efficacy for hepatosteatosis in females, 
yielding an Area Under the Curve (AUC) of 0.762, 45.5% sensitivity, and 83.9% specificity, utilizing a cutoff of 22 U/L (32). The absence of 
a significant cutoff value in males was considered to be related to the small sample size of cases within our study. 
The presence and severity of hepatosteatosis increase with higher waist circumference, BMI SDS, and body fat ratio (42,43). Consistent with 
these findings, our study identified a relationship between hepatosteatosis and these parameters. Specifically, our results revealed that body 
fat percentage > 32%, BMI SDS > 1.75, and waist circumference > 90 cm indicating the presence of hepatosteatosis were in line with 
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previous studies (42,44). However, our study could not establish a significant relationship between hepatosteatosis and IL-6, hsCRP, 
versican, and biglycan, primarily attributed to the limited number of participants. Nevertheless, our findings underscored that the most 
reliable predictors for hepatosteatosis were body fat ratio and BMI SDS. 
Study Limitations 
The inability to perform a power analysis due to the absence of a similar study in the literature represents a significant limitation of the study. 
Consequently, the sample size obtained may have been relatively limited as a result of this constraint. Moreover, the patients were not 
anesthetized during imaging, so movement artifacts occurred in some patients. In the technique we used, the resolution of the liver fat 
measurement sequence is low, and the presence of fat was not confirmed by biopsy, which is the gold standard method. Additionally, 
adiposity was measured once by a single radiologist. 
Conclusion 
In conclusion, the present study, for the first time, has revealed elevated levels of versican in obese children concomitant with inflammatory 
markers. These findings indicated that slowing down the release of versican in obese individuals may mitigate the inflammatory process, 
potentially reducing complications. Furthermore, the study indicates that waist circumference, BMI SDS and body fat ratio can be used to 
predict hepatosteatosis identified through the IDEAL-IQ MR sequence. However, further studies with a larger population are needed to 
identify novel predictive markers for hepatosteatosis.  
Ethics 
Study approval statement: The study was approved by the non vb-interventional ethics committee of Aydın Adnan Menderes University 
(Ethics no: 2021/83). 
Consent to participate statement: Informed consent in this study was taken from all participants. 
Conflict of Interest Statement 
The authors declare that they have no conflict of interest. 
Funding Sources 
The work was supported by the Aydın Adnan Menderes University Scientific Projects Unit (grant number TPF-21033). 
Author Contributions 
Concept: Ahmet Anık, Design: Ahmet Anık, Data Collection or Processing: Reyhan Deveci Sevim, Sebla Güneş, Analysis or Interpretation: 
Reyhan Deveci Sevim, Mustafa Gök, Özge Çevik, Ömer Erdoğan, Literature Search: Reyhan Deveci Sevim, Tolga Ünüvar, Writing: Reyhan 
Deveci Sevim, Ahmet Anık. 
Data Availability Statement: All data generated or analyzed during this study are included in this article. Further enquiries can be directed 
to the corresponding author. 
References 
1- Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH, Yanovski JA. Pediatric Obesity-Assessment, 
Treatment, and Prevention: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab 2017;102(3):709-757. 
2- Ellulu MS, Patimah I, Khaza'ai H, Rahmat A, Abed Y. Obesity and inflammation: the linking mechanism and the 
complications. Arch Med Sci 2017;13(4):851-863. 
3- Hausman DB, DiGirolamo M, Bartness TJ, Hausman GJ, Martin RJ. The biology of white adipocyte proliferation. Obes Rev 
2001;2(4):239-254.  
4- Lee H, Lee IS, Choue R. Obesity, inflammation and diet. Pediatr Gastroenterol Hepatol Nutr. 2013;16(3):143-152. 
5- Rodríguez-Hernández H, Simental-Mendía LE, Rodríguez-Ramírez G, Reyes-Romero MA. Obesity and inflammation: 
epidemiology, risk factors, and markers of inflammation. Int J Endocrinol 2013;678159. 
6- Han CY, Kang I, Harten IA, Gebe JA, Chan CK, Omer M, Alonge KM, den Hartigh LJ, Gomes Kjerulf D, Goodspeed L, 
Subramanian S, Wang S, Kim F, Birk DE, Wight TN, Chait A. Adipocyte-derived versican and macrophage-derived biglycan control 
adipose tissue inflammation in obesity. Cell Rep 2020;31(13):107818. 
7- Castro AM, Macedo-de La Concha, LE, Pantoja-Meléndez CA. Low-grade inflammation and its relation to obesity and chronic 
degenerative diseases. Revista Médica del Hospital General de México 2017;80(2):101-105. 
8- Roedig H, Nastase MV, Wygrecka M, Schaefer L. Breaking down chronic inflammatory diseases: the role of biglycan in 
promoting a switch between inflammation and autophagy. FEBS J. 2019;286(15):2965-2979. 
9- Wight TN, Kang I, Evanko SP, Harten IA, Chang MY, Pearce OMT, Allen CE, Frevert CW. Versican-a critical extracellular 
matrix regulator of immunity and inflammation. Front Immunol 2020;11:512.  
10- Kim J, Lee SK, Shin JM, Jeoun UW, Jang YJ, Park HS, Kim JH, Gong GY, Lee TJ, Hong JP, Lee YJ, Heo YS. Enhanced 
biglycan gene expression in the adipose tissues of obese women and its association with obesity-related genes and metabolic parameters. Sci 
Rep 2016;6:30609.  
11- Wight TN. Versican: a versatile extracellular matrix proteoglycan in cell biology. Curr Opin Cell Biol 2002;14(5):617-623. 
12- Wight TN, Kang I, Merrilees MJ. Versican and the control of inflammation. Matrix Biol 2014;35:152-161. 
13- Ward M, Ajuwon KM. Regulation of pre-adipocyte proliferation and apoptosis by the small leucine-rich proteoglycans, biglycan 
and decorin. Cell Prolif 2011;44(4):343-351. 
14- Nikolopoulou A, Kadoglou NP. Obesity and metabolic syndrome as related to cardiovascular disease. Expert Rev Cardiovasc 
Ther 2012;10(7):933-939. 
15- Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, Grimaldi A, Capron F, Poynard T, LIDO Study Group. 
Sampling variability of liver biopsy in nonalcoholic fatty liver disease. Gastroenterology 2005;128(7):1898-906. 
16- Zhang QH, Zhao Y, Tian SF, Xie LH, Chen LH, Chen AL, Wang N, Song QW, Zhang HN, Xie LZ, Shen ZW, Liu AL. Hepatic 
fat quantification of magnetic resonance imaging whole-liver segmentation for assessing the severity of nonalcoholic fatty liver disease: 
comparison with a region of interest sampling method. Quant Imaging Med Surg 2021;11(7):2933-2942. 
17- Neyzi O, Bundak R, Gökçay G, Günöz H, Furman A, Darendeliler F, Baş F. Reference values for weight, height, head 
circumference, and body mass index in Turkish children. J Clin Res Pediatr Endocrinol 2015;7(4):280-293.  
18- de Simone G, Mancusi C, Hanssen H, et al. Hypertension in children and adolescents. Eur Heart J. 2022;43(35):3290-3301. 
doi:10.1093/eurheartj/ehac328 
19- Hatipoglu N, Ozturk A, Mazicioglu MM, Kurtoglu S, Seyhan S, Lokoglu F. Waist circumference percentiles for 7- to 17-year-old 
Turkish children and adolescents. Eur J Pediatr. 2008;167(4):383-389.  
20- Dwyer T, Blizzard CL. Defining obesity in children by biological endpoint rather than population distribution. Int J Obes Relat 
Metab Disord. 1996;20(5):472-480. 
21- Kurtoğlu S, Hatipoğlu N, Mazıcıoğlu M, Kendirici M, Keskin M, Kondolot M. Insulin resistance in obese children and 
adolescents: HOMA-IR cut-off levels in the prepubertal and pubertal periods. J Clin Res Pediatr Endocrinol 2010;2(3):100-106. 
22- Khov N, Sharma A, Riley TR. Bedside ultrasound in the diagnosis of nonalcoholic fatty liver disease. World J Gastroenterol 
2014;20(22):6821-6825. 
23- Yang A, Jung N, Kim S, Lee JE. Association between non-invasive diagnostic methods of liver fibrosis and type 2 diabetes in 
pediatric patients with non-alcoholic fatty liver disease. Front Pediatr 2022;10:825141.  

UNCORRECTED P
ROOF



24- Sanyal A, Naumann J, Hoffmann LS, Chabowska-Kita A, Ehrlund A, Schlitzer A, Arner P, Blüher M, Pfeifer A.  Interplay 
between Obesity-induced inflammation and cGMP signalling in white adipose tissue. Cell Rep 2017;18(1):225-236. 
25- Faam B, Zarkesh M, Daneshpour MS, Azizi F, Hedayati M. The association between inflammatory markers and obesity-related 
factors in Tehranian adults: Tehran lipid and glucose study. Iran J Basic Med Sci 2014;17(8):577-582. 
26- Wernstedt Asterholm I, Tao C, Morley TS, Wang QA, Delgado-Lopez F, Wang ZV, Scherer PE. Adipocyte inflammation is 
essential for healthy adipose tissue expansion and remodeling. Cell Metab 2014;20(1):103-118. 
27- Andersson-Sjöland A, Hallgren O, Rolandsson S, Weitoft M, Tykesson E, Larsson-Callerfelt AK, Rydell-Törmänen K, Bjermer 
L, Malmström A, Karlsson JC, Westergren-Thorsson G. Versican in inflammation and tissue remodeling: the impact on lung 
disorders. Glycobiology 2015;25(3):243-251. 
28- Bolton K, Segal, Walder. The small leucine-rich proteoglycan, biglycan, is highly expressed in adipose tissue of Psammomys 
obesus and is associated with obesity and type 2 diabetes. Biologics 2012;6:67-72 
29- Choi J, Joseph L, Pilote L. Obesity and C-reactive protein in various populations: a systematic review and meta-analysis. Obes 
Rev 2013;14(3):232-244. 
30- Andrew S Greenberg, Martin S Obin, Obesity and the role of adipose tissue in inflammation and metabolism. Am J Clin Nutr 
2006;83(2):461-465 
31- Santa-Paavola R, Lehtinen-Jacks S, Jääskeläinen T, Männistö S, Lundqvist A. The association of high-sensitivity C-reactive 
protein with future weight gain in adults. Int J Obes (Lond) 2022;46(6):1234-1240. 
32- Vos MB, Abrams SH, Barlow SE, Caprio S, Daniels SR, Kohli R, Mouzaki M, Sathya P, Schwimmer JB, Sundaram SS, 
Xanthakos SA. NASPGHAN Clinical practice guideline for the diagnosis and treatment of nonalcoholic fatty liver disease in children: 
recommendations from the expert committee on NAFLD (ECON) and the North American Society of Pediatric Gastroenterology, 
Hepatology and Nutrition (NASPGHAN). J Pediatr Gastroenterol Nutr 2017;64(2):319-334. 
33- Khalifa A, Rockey DC. The utility of liver biopsy in 2020. Curr Opin Gastroenterol. 2020;36(3):184-191. 
doi:10.1097/MOG.0000000000000621 
34- Tian Y, Liu PF, Li JY, Li YN, Sun P. Hepatic MR imaging using IDEAL-IQ sequence: Will Gd-EOB-DTPA interfere with 
reproductivity of fat fraction quantification?. World J Clin Cases. 2023;11(25):5887-5896. doi:10.12998/wjcc.v11.i25.5887 
35- Lăpădat AM, Jianu IR, Ungureanu BS, et al. Non-invasive imaging techniques in assessing non-alcoholic fatty liver disease: a 
current status of available methods. J Med Life. 2017;10(1):19-26. 
36- Idilman IS, Keskin O, Celik A, et al. A comparison of liver fat content as determined by magnetic resonance imaging-proton 
density fat fraction and MRS versus liver histology in non-alcoholic fatty liver disease. Acta Radiol. 2016;57(3):271-278. 
doi:10.1177/0284185115580488 
37- Hui SCN, So HK, Chan DFY, et al. Validation of water-fat MRI and proton MRS in assessment of hepatic fat and the 
heterogeneous distribution of hepatic fat and iron in subjects with non-alcoholic fatty liver disease. Eur J Radiol. 2018;107:7-13. 
doi:10.1016/j.ejrad.2018.08.008 
38- Graif M, Yanuka M, Baraz M, et al. Quantitative estimation of attenuation in ultrasound video images: correlation with histology 
in diffuse liver disease. Invest Radiol. 2000;35(5):319-324. doi:10.1097/00004424-200005000-00006 
39- Cunha GM, Thai TT, Hamilton G, et al. Accuracy of common proton density fat fraction thresholds for magnitude- and complex-
based chemical shift-encoded MRI for assessing hepatic steatosis in patients with obesity. Abdom Radiol (NY). 2020;45(3):661-671. 
doi:10.1007/s00261-019-02350-3 
40- Park CC, Nguyen P, Hernandez C, et al. Magnetic Resonance Elastography vs Transient Elastography in Detection of Fibrosis 
and Noninvasive Measurement of Steatosis in Patients With Biopsy-Proven Nonalcoholic Fatty Liver Disease. Gastroenterology. 
2017;152(3):598-607.e2. doi:10.1053/j.gastro.2016.10.026 
41- Xanthakos SA. Nonalcoholic steatohepatitis in children with severe obesity: A global concern. Surg Obes Relat Dis 
2017;13(9):1609-1611. 
42- Peng L, Wu S, Zhou N, Zhu S, Liu Q, Li X. Clinical characteristics and risk factors of nonalcoholic fatty liver disease in children 
with obesity. BMC Pediatr 2021;21(1):122.  
43- Zhang S, Wang L, Yu M, Guan W, Yuan J. Fat mass index as a screening tool for the assessment of non-alcoholic fatty liver 
disease. Sci Rep. 2022;12(1):20219. Published 2022 Nov 23. doi:10.1038/s41598-022-23729-1 
44- Sartorio A, Del Col A, Agosti F, et al. Predictors of non-alcoholic fatty liver disease in obese children. Eur J Clin Nutr. 
2007;61(7):877-883. doi:10.1038/sj.ejcn.1602588 
 
Table 1. Clinical, demographic, and laboratory characteristics of enrolled cases 

 Obese Control p* 
Median (min-max) Median (min-max) 

Age (year) 13.6 (7.5–17.9) 13.0 (7.2-17.9) 0.693 
Height (SDS) 0.8 (-2.1-–3.2) 0.3 (-2.2–2.8) 0.114 
Weight (SDS) 2.9 (2.0-–-6) 0.1 (-1.9–1.7) <0.001 
BMI (SDS) 2.6 (1.9–3.3) 0.4 (-0.6–0.7) <0.001 
Systolic BP (mmHg) 120 (100-140) 110 (105-134) <0.001 
Diastolic BP (mmHg) 70 (60-91) 70 (55-99) 0.435 
Waist Circumference (cm) 101 (42-141) 70.6 (55-96.5) <0.001 
Triceps Skinfold Thickness (mm) 19.5 (8-37) 10.3 (4-18) <0.001 
Glucose (mg/dl) 89.5 (77-146) 88 (76-115) 0.622 
Insulin (μU/mL) 17.2 (7.9-42.8) 10.4 (3-19) <0.001 
HOMA-IR index 3.8 (1.7-9.1) 2.2 (0.6-4.3) <0.001 
Triglyceride (mg/dL) 94.5 (26-559) 65 (25-169) 0.001 
Total Cholesterol (mg/dL) 156.5 (117-214) 151.5 (90-207) 0.123 
LDL-C (mg/dL) 86.5 (38-149) 78.5 (37-132) 0.038 
HDL-C(mg/dL) 48.4 (25.2-73.1) 55.3 (38.1-119.9) 0.005 
HbA1c (%) 5.5 (4.5-6.2) 4.8 (3.9-5.8) 0.006 
AST (U/L) 19 (9-173) 20 (13-72) 0.111 
ALT (U/L) 18.5 (8-311) 15 (10-25) 0.022 
Free T4 (ng/dL) 1 (0.8-1.2) 0.9 (0.8-1.2) 0.086 
TSH (uIU/mL) 1.8 (0.7-5.1) 1.8 (0.5-9) 0.359 
WBC (103/μL) 9080 (6070-13410) 6520 (3990-12510) <0.001 
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Versican (pg/mL) 63.6 (48.3-78.3) 59.1 (44.3-80.2) 0.044 
Biglycan (ng/mL) 1.2 (0.4-1.7) 1.0 (0.4-1.5) 0.176 
IL6 (ng/L) 48.3 (26.1-119.6) 34.4 (8.3-120.4) 0.024 
hsCRP (ng/L) 5.1 (2.1-9.7) 3.7 (1.3-8.7) 0.039 
Basal Metabolic Rate  1632.0 (929-3022) 1230.5 (777-2032) <0.001 
Fat Mass 30.0 (9,9-56,1) 10.3 (3.9-26.9) <0.001 
Fat Percentage 36.2 (26.9-61.9) 21.9 (10.8-31.6) <0.001 
Liver FQ Global Method 6 (1.9-25.9) 2.6 (1.3-6.4) <0.001 
Spleen FQ 2 (0.5-7.1) 2.3 (1.3-9.6) 0.143 
Subcutaneous Fat FQ 93 (88.9-96.3) 92.7 (81.6-98.3) 0.949 

*Mann Whitney U test was used. BMI: body mass index, BP: blood pressure, HOMA-IR: Homeostasis Model Assessment-Insulin 
Resistance, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, hsCRP: high sensitive c reactive 
protein, IL6: Interleukin 6, FQ: fat quantity 
 
 
 
 
 
 
 
 
 
 

Table 2. Correlation table for versican, biglycan, IL-6, and hsCRP 
 Biglycan hsCRP IL-6 
 r P r p rho p* 
Versican 0.381 0.002 0.281 0.036 0.426 0.001 
Biglycan   0.424 0.001 0.305 0.017 
hsCRP     0.748 <0.001 

*Spearman correlation was used. hsCRP: high sensitive c reactive protein, IL6: Interleukin 6 
Table 3. Clinical and laboratory predictors of hepatosteatosis 
Criteria Sensitivity Specificity AUC 95 % CI p* 
Body fat percentage > 32 % 81.8 % 70.5 % 0.819 0.711-0.933 <0.001 
BMI SDS > 1.75 81.8 % 69.8 % 0.789 0.659-0.918 <0.001 
Waist circumference > 90 cm 70.0 % 70.5 % 0.760 0.631-0.888 0.001 
ALT > 22 U/L (girls) 45.5 % 83.9 % 0.762 0.590-0.935 0.010 
ALT > 25 U/L (boys) 45.5 % 75.0 % 0.678 0.451-0.905 0.148 

*ROC analysis was used. BMI SDS: Body mass index standard deviation score, AUC: Area Under Curve, CI: Confidence interval 
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Figure 1. ROC curve of hepatosteatosis for the four parameters: (a) body fat percentage, (b) waist circumference, (c) ALT (girls), (d) ALT 
(boys) 
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