
ABSTRACT

To investigate adipokines (vaspin, omentin-1, adiponectin and leptin) and their correlation 
with hepatosteatosis degree in obese/overweight (O/O) children. We analyzed adipokine 
levels of 81 children (49 O/O, [body mass index (BMI) > 95th] and 32 non-obese (BMI = 
5-85th) admitted to the pediatric outpatient clinic. Serum triglyceride, glucose, low density 
lipoprotein-cholesterol, total cholesterol, high density lipoprotein-cholesterol, alanine 
aminotransferase, aspartate aminotransferase (AST), insulin, HbA1c levels and leptin, 
omentin-1, vaspin, adiponectin levels were studied. O/O children with hepatosteatosis were 
divided into grades 1, 2 and 3 according to the degree of hepatosteatosis determined by 
ultrasonography. While AST (p = 0.001), triglyceride (p = 0.006), BMI percentile (p = 0.000), 
HOMA index (p = 0.002), systolic blood pressure (p = 0.02), leptin (p = 0.001), omentin-1 (p 
= 0.001), adiponectin (p = 0.001) levels were higher, vaspin level was lower (p = 0.008) in the 
(O/O) group compared to the controls. There was a positive correlation between HDL and 
vaspin, and a negative correlation between HDL and omentin-1 in the O/O group. Also it was 
observed that as the degree of hepatosteotosis increased, leptin (p = 0.004), omentin-1 (p = 
0.001) levels were increased. There was no significant change in vaspin level (p = 0.128). The 
high levels of omentin-1, leptin and adiponectin have an association with the development of 
hepatosteatosis in O/O children.
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INTRODUCTION

The global epidemic of childhood obesity, which accompanies the increase in the prevalence 
of cardiovascular, metabolic and endocrine comorbidities in young people, is one of the 
world's most important public health problems. The increasing prevalence of pediatric 
obesity leads to a potential decrease in life expectancy [1-4].

Non-alcoholic fatty liver disease (NAFLD) is a liver disorder characterized by the 
accumulation of triglycerides within hepatocytes [5]. This excessive storage of fat in the liver 
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makes the organ susceptible to inflammation and fibrosis. NAFLD is strongly associated with 
obesity, type 2 diabetes mellitus (T2DM), and cardiovascular disease [6].

It has been shown that adipose tissue secretes many bioactive agents and that explains the 
relationship between increased metabolic risk and visceral fat mass. These agents, called 
adipokines, include vaspin, leptin, adiponectin, and omentin-1, play an important role in 
interactions between various systems, such as central and peripheral nervous, immune and 
adrenal system [3].

Although the debilitating effect of leptin is well known, serum leptin levels are high in obese 
children and are closely related to the severity of obesity. In most cases of obesity, leptin does 
not cause weight loss, despite both high circulating leptin levels and an intact leptin receptor. 
This is explained by the presence of leptin resistance in obese individuals. The positive 
association of leptin with body weight and especially body mass index (BMI) has been 
demonstrated in all age groups, including newborns and those undergoing puberty [4].

Vaspin, a protein from the serine protease inhibitor family, is expressed in visceral adipose 
tissue. Studies have shown that serum vaspin levels increase in type 2 diabetes, obesity 
and impaired insulin sensitivity, but decrease with regression of diabetes, weight loss and 
increase in insulin sensitivity. After metformin treatment, there was a remarkable decrease in 
serum vaspin levels [7,8].

In obese individuals, both the gene expression and plasma levels of omentin-1 in adipose 
tissue are decreased. Obesity-related markers such as BMI, waist circumference, and leptin 
levels are inversely related to omentin-1 levels. Serum omentin-1 levels were found to be lower 
in patients with obesity-related conditions such as impaired glucose tolerance, polycystic 
ovary syndrome or T2DM, compared to the normal population. Following weight loss with 
diet, there is an increase in insulin sensitivity and serum omentin-1 levels [9]. Metformin, a 
drug that increases insulin sensitivity, increases omentin-1 levels. Plasma omentin-1 levels are 
negatively correlated with HOMA index and positively correlated with plasma high density 
lipoprotein (HDL) and adiponectin levels [9].

Serum concentration of adiponectin is decreased in patients with obesity and insulin 
resistance. Adiponectin is a molecule that increases insulin sensitivity and fatty acid 
oxidation. Adiponectin enhances the effects of insulin in the liver, increases insulin 
sensitivity and decreases hepatic glucose production [10]. It has been reported in the 
literature that the risk of developing type 2 diabetes in individuals with high adiponectin 
levels were lower than those with low adiponectin levels. Plasma adiponectin levels increase 
in conditions that increase insulin sensitivity, such as weight loss, diet, and thiazolidinedione 
therapy [11].

There is evidence that several adipokines play an important role in the pathogenesis of 
NAFLD and may be responsible for fat accumulation and insulin resistance [12]. The 
interaction of various cytokines derived from adipose tissue may play a crucial role in the 
progression of the disease from fatty infiltration to inflammation.

NAFLD includes a broad spectrum of liver cell damage induced by insulin resistance. 
Primarily, fat deposition in hepatocytes (simple fatty liver) occurs as a result of hepatic 
insulin resistance. The adipokines are thought to modulate these metabolic processes by 

195

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

https://e-cnr.org


Adipokin Levels in Obese Children

https://doi.org/10.7762/cnr.2022.11.3.194

regulating insulin-mediated glucose metabolism, fatty acid utilization, and lipid deposition 
of visceral tissues. In the later stages, inflammatory phenomena occur, which can progress 
to steatohepatitis and eventually cirrhosis. It has been suggested that the development of 
steatohepatitis is a result of the balance between the pro- and anti-inflammatory effects of 
adipokines [13]

In this study, our aim was to measure circulating levels of leptin, omentin-1, vaspin and 
adinopectin in obese/overweight (O/O) children and makes a comparison with age-matched 
controls. We also analyzed the correlations between these adipokines and laboratory markers 
and the degree of fatty liver.

MATERIALS AND METHODS

This observational, prospective study consisted of 81 children admitted to the pediatric 
outpatient clinic between August 2019 and December 2019. Ethics committee approval was 
obtained for the study from the Institutional Review Board. (2017-KAEK-189_2018.03.21_10). 
Consent forms were obtained from all children included in the study or their parents, 
explaining the purpose and characteristics of the study.

Children under the age of 18 who were obese or overweight according to BMI percentile, 
included in the study. Children were excluded if they had a major illness including T1DM 
or T2DM, or had a condition known to influence body composition, took medications, or 
insulin action, or insulin secretion (e.g. glucocorticoid therapy, hypothyroidism, Cushing’s 
disease). Patients with viral hepatitis, hemochromatosis, Wilson disease, autoimmune 
hepatitis, primary biliary cirrhosis, sclerosing cholangitis, biliary obstruction, α1 antitrypsin 
deficiency, ischemic cardiac or cerebrovascular disease, impaired renal function, or 
malignancies were also excluded from the present study. All subjects included in the control 
group were judged to be in good health, with normal results on liver function tests.

After measuring the height and weight of the children, BMI was calculated with the 
formula (weight [kg]/height [m2]) and BMI percentile was calculated. Children with a BMI 
between the 85th and 95th percentile were considered as overweight, and those over 95th were 
considered as obese, between 5-85th percentile was considered as normal weight children in 
line with the Centers for Disease Control and Prevention (CDC) recommendation [14].

After the measurements were taken, at least 8 hours of fasting blood samples were taken 
from all children. Serum glucose, low density lipoprotein-cholesterol, total cholesterol, 
HDL--cholesterol, triglyceride, aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), fasting insulin, glucose, HbA1c levels were studied from serum samples obtained by 
centrifuging blood samples at 3,000 rpm for 10 minutes within the first hour in the Yozgat 
Bozok University Hospital Laboratory. SunRed brand Elisa kits were used for measuring 
leptin, omentin-1, vaspin, adiponectin levels.

After the results were obtained, HOMA-IR was calculated with the formula: Fasting insulin 
(µU/mL) × fasting glucose (mg/dL)/405. Abdominal ultrasonography was performed to 
evaluate hepatosteatosis degree in O/O children included in the study. The diagnosis of 
NAFLD was based on increased echogenicity determined by ultrasound compatible with fatty 
infiltration of the liver with or without elevated ALT levels.
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Statistical analysis
Statistical analyses were performed with the SPSS 20.0 package program (IBM Corp., 
Armonk, NY, USA). Non-parametric and parametric tests were used for the assessment of 
all results. Kolmogorov Smirnov test was used to determine whether the distributions were 
normally distributed. In addition, T-test, Kruskal Wallis, Mann Whitney U and χ2 tests were 
used to evaluate the groups. Significance levels were accepted as p < 0.05.

RESULTS

A total of 81 children, 49 O/O (19 male, 30 female, mean age; 13.18 ± 2.48 years) and 32 non-
obese (13 male and 19 female, mean age; 11.97 ± 3.50 years), were included in the study. Of 
the 49 O/O children, 9 were in overweight, 40 were in obese group.

While AST (p = 0.001), triglyceride (p = 0.006), HOMA index (p = 0.002), systolic blood 
pressure (p = 0.002), leptin (p = 0.001), omentin-1 (p = 0.001), adiponectin (p = 0.001), BMI 
percentile (p = 0.000) levels were higher, vaspin level was lower (p = 0.008) in the O/O group 
compared to the controls. There was no significant difference between other values (Table 1). 
No statistical significance was found on comparing serum adipokine levels with gender.

There was a positive correlation between HDL and vaspin, and a negative correlation between 
HDL and omentin-1 in the O/O group (Table 2).

A total of 22 children had grade 1 (12 female, 10 male), 9 had grade 2 (3 female, 6 male) and 
1 boy had grade 3 hepatosteatosis. The severity of hepatosteatosis was higher in males. It 
was observed that HbA1c increased as the degree of hepatosteatosis increased (p = 0.036). 
There was no significant difference in other laboratory values between children with 
hepotosteatosis (Table 3).
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Table 1. Demographic features and laboratory data of the control and obese group
Variables Control group  

(mean ± SD) (n = 32)
Obese/Overweight group  

(mean ± SD) (n = 49)
p value

Age (yr) 11.97 ± 3.50 13.18 ± 2.48 0.094*
Male/female 13/19 19/30 0.0124†

Systolic BP (mmHg) 98.26 ± 9.69 105.0 ± 10.0 0.002
Diastolic BP (mmHg) 60.69 ± 7.68 63.95 ± 8.76 0.071
BMI percentile 42.72 ± 28.96 96.10 ± 4.58 0.000
AST (U/L) 14.32 ± 5.76 27.95 ± 34.49 0.001*
ALT (U/L) 22.41 ± 7.70 24.23 ± 14.95 0.478*
Total cholesterol (mg/dL) 147.82 ± 24.21 148.95 ± 22.71 0.841*
Triglyceride (mg/dL) 87.21 ± 35.38 120.50 ± 70.13 0.006*
HOMA index 2.59 ± 1.92 6.51 ± 7.90 0.002*
Glucose (mg/dL) 93.21 ± 10.92 95.06 ± 9.62 0.440*
HBA1c (%) 5.32 ± 0.29 5.39 ± 0.28 0.276
HDL (mg/dL) 45.18 ± 9.14 41.72 ± 9.40 0.115*
LDL (mg/dL) 78.67 ± 17.40 80.32 ± 23.14 0.770*
Leptin (ng/mL) 12.49 ± 2.92 15.52 ± 3.13 0.001*
Omentin-1 (pg/mL) 197.49 ± 37.45 244.59 ± 33.61 0.001*
Vaspin (pg/mL) 1,355.30 ± 280.90 1,203.94 ± 155.71 0.008*
Adiponectin (µg/mL) 10.44 ± 2.05 13.49 ± 2.66 0.001*

SD, standard deviation; BP, blood pressure; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein.
*Student’s t-test, †χ2 test, Mann-Whitney U test, bold indicates statistically significant (p < 0.05).
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While we compared the leptin, omentin-1, vaspin and adiponectin levels of non-obese 
children with those of the O/O group with hepatosteotosis (grade 1, 2–3), it was observed 
that as the degree of hepatosteotosis increased, leptin (p = 0.004) and omentin-1 (p = 0.001) 
levels were increased. There was no significant change in vaspin level (p = 0.128) (Table 4).
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Table 2. Correlations of laboratory values in the obese/overweight group
Obese/overweight group 
(n = 49)

AST  
(U/L)

ALT  
(U/L)

T.cholesterol 
(mg/dL)

Triglyceride 
(mg/dL)

HOMA  
index

Glucose 
(mg/dL)

HbA1C  
(%)

HDL 
cholesterol 

(mg/dL)

LDL 
cholesterol 

(mg/dL)

BMI  
per.

Leptin  
(ng/mL)

Omentin-1 
(pg/mL)

Vaspin  
(pg/mL)

Adiponectin 
(µg/mL)

Age (yr) 0.001 0.172 0.085 0.156 0.035 0.073 0.049 0.020 0.011 0.230* 0.116 −0.121 0.147 0.433*
AST (U/L) 1 0.898† −0.002 0.067 −0.082 −0.104 −0.072 −0.150 0.057 0.080 −0.142 0.168 0.011 −0.107
ALT (U/L) 1 −0.030 0.153 −0.014 −0.142 −0.048 −0.192 0.014 0.238* −0.097 0.255 −0.055 −0.144
Total cholesterol (mg/dL) 1 0.210 −0.079 −0.128 0.040 0.319† 0.864† −0.097 0.136 0.111 0.017 −0.121
Triglyceride (mg/dL) 1 0.243* 0.120 0.064 −0.353† −0.010 0.368† 0.120 0.174 −0.141 −0.242
HOMA index 1 0.622† −0.021 −0.067 −0.175 0.254* 0.114 0.014 0.014 −0.032
Glucose (mg/dL) 1 0.071 0.074 −0.227* 0.145 0.174 0.012 0.025 0.085
HbA1C (%) 1 0.093 −0.088 0.003 −0.025 0.145 −0.088 0.121
HDL cholesterol (mg/dL) 1 0.117 −0.291† −0.142 −0.201* 0.215* 0.287
LDL cholesterol (mg/dL) 1 −0.130 0.107 0.244 0.014 −0.024
BMI percentile 1 0.105 −0.130 0.127 0.022
Leptin (ng/mL) 1 0.170 0.200 −0.121
Omentin-1 (pg/mL) 1 −0.088 −0.136
Vaspin (pg/mL) 1 −0.047
Adiponectin (µg/mL) 1
BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL, low density lipoprotein; HDL, high density lipoprotein.
*Correlation is significant at the 0.05 level (2-tailed); †Correlation is significant at the 0.01 level (2-tailed).

Table 3. Comparison of laboratory parameters according to the degree of hepatosteatosis
Variables NAFLD Grade-1 hepatosteatosis 

(n = 19)
NAFLD Grade-2 hepatosteatosis 

(n = 12)
NAFLD Grade-3 hepatosteatosis 

(n = 1)
p value

Age (yr) 11.50 14.00 15.00 0.507
AST (U/L) 13.95 18.25 32.05 0.375
ALT (U/L) 17.73 22.00 24.98 0.579
Total cholesterol (mg/dL) 129.10 141.80 163.80 0.189
Triglyceride (mg/dL) 72.05 111.00 141.10 0.744
HOMA index 2.50 4.00 7.00 0.147
Glucose (mg/dL) 89.93 93.65 98.45 0.767
HBA1C (%) 5.21 5.39 5.57 0.036*
HDL cholesterol (mg/dL) 33.85 40.75 47.83 0.933
LDL cholesterol (mg/dL) 62.52 79.59 92.88 0.154
Leptin (ng/mL) 12.47 15.96 18.54 0.503
Omentin-1 (pg/mL) 220.83 241.82 262.82 0.502
Vaspin (pg/mL) 1,095.50 1,204.38 1,312.51 0.798
Adiponectin (µg/mL) 11.42 12.84 14.82 0.868
NAFLD, non-alcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein.
*Kruskal Walls test, bold indicates statistically significant (p < 0.05).

Table 4. Comparison of adipokine levels of the obese/overweight group with hepatosteatosis and non-obese children
Adipokine level (mean ± SD) Controls (n = 32) NAFLD Grade 1 (n = 19) NAFLD Grade 2–3 (n = 13) p value
Leptin (ng/mL) 12.49 ± 2.92 15.61 ± 3.30 16.40 ± 2.67 0.004*
Omentin-1 (pg/mL) 197.49 ± 37.45 250.38 ± 43.28 251 ± 35.42 0.001*
Vaspin (pg/mL) 1,355.30 ± 280.90 1,190.67 ± 178.03 1,201 ± 162.25 0.128
Adiponectin (µg/mL) 10.44 ± 2.05 13.92 ± 2.86 12.76 ± 3.11 0.001*

Since there was only one patient in grade 3, values in grade 3 has been combined with those in grade 2. NAFLD was defined in 3 grades according to USG 
findings: Grades 1, 2 and 3. According to USG findings, only mild diffuse echo increase in liver was grade 1; mild effacement of intrahepatic vascular appearance 
with moderate echo increase in liver grade 2; Significant effacement in the intrahepatic vascular structures with advanced echo increase in the liver and 
detection of effacement in the posterior view of the right lobe were evaluated as grade 3 hepatosteatosis.
NAFLD, non-alcoholic fatty liver disease.
*Kruskal Walls test, bold indicates statistically significant (p < 0.05).
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We divided O/O children into two groups with and without hepatosteatosis and compared the 
adipokine levels. There was no significant difference observed (Table 5).

DISCUSSION

Obesity is an increasing health problem that has become an epidemic today. Adipose tissue 
is a source of inflammation and is considered as a complex and active metabolic endocrine 
organ that produces various cytokines. Adipose tissue-derived adipokines play roles in 
the regulation of many processes such as inflammation, diabetes, energy metabolism and 
atherosclerosis [15].

We aimed to examine the adipokines (omentin, vaspin, adiponectin and leptin) level in O/O 
children and to evaluate correlation with other laboratory parameters and hepatosteatosis. 
Vaspin, omentin-1, adiponectin, and leptin have been identified as novel adipokines and 
have been thought to be related with components of hyperinsulinemia, inflammation and 
metabolic syndrome [16].

Some studies have been conducted to show the relationship between vaspin and obesity and 
different results were obtained. Auguet et al. [16] reported that vaspin mRNA expression 
was significantly higher in visceral adipose and subcutaneous tissue without increasing 
serum vaspin levels. Sperling et al. [17] found no difference in vaspin concentrations in obese 
individuals divided into two different groups with normal and abnormal results in glucose 
tolerance test. Klöting et al. [18] revealed body fat percentage as the strongest predictor 
of visceral vaspin and insulin sensitivity as the strongest predictor of subcutaneous vaspin 
mRNA expression. In addition, Youn et al. [19] found vaspin concentration to be higher in 
women and showed that high serum vaspin levels were associated with impaired insulin 
sensitivity and obesity. Chang et al. [20], conducted a study to analyse the relationship 
between abdominal adiposity and serum vaspin concentrations, that showed a strong 
correlation between serum vaspin level and visceral adipose tissue depot area (VAT) when 
HOMA-IR was high.

In current study, vaspin levels were found to be significantly lower in the O/O group (1,203.94 
± 155.71 pg/mL) compared to the non-obese group (1,355.30 ± 280.90 pg/mL) (p = 0.008). 
There was no significant correlation between vaspin and insulin resistance (HOMA-IR). We 
found that vaspin had a significant positive correlation with HDL-cholesterol in the O/O 
group (p < 0.01). Also there was no significant difference in the comparison of vaspin levels 
between genders. We could not analyze vaspin expression in adipose tissue.

In some studies conducted in recent years, it has been reported that leptin and adiponectin 
levels were associated with insulin resistance. Pîrsean et al. [21], showed that despite normal 
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Table 5. Comparison of adipokine levels in obese/overweight children with and without hepatosteatosis
Adipokin level (mean ± SD) Without hepatosteatosis (n = 17) With hepatosteatosis (n = 32) p value*
Leptin (ng/mL) 15.26 ± 3.27 15.65 ± 3.09 0.721
Omentin-1 (pg/mL) 243.85 ± 18.49 244.97 ± 39.65 0.825
Vaspin (pg/mL) 1,202.80 ± 137.58 1,204.53 ± 166.64 0.933
Adiponectin (µg/mL) 12.93 ± 2.24 13.78 ± 2.84 0.433
*Student’s t-test.
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serum lipid and glucose in obese children, salivary leptin level was found to be significantly 
higher. Again, Bodini et al. [22] showed that leptin is measurable in exhaled breath in 
children, and exhaled breath-leptin levels were significantly higher in obese individuals and 
asthmatics compared to healthy subjects. In our study, leptin and adiponectin levels were 
found to be significantly higher in the O/O group compared to the controls (p < 0.01).

Taniguchi et al. [23] showed a positive correlation between HOMA-IR and leptin and a 
negative correlation between adiponectin and HOMA-IR in non-obese Type 2 DM patients. 
No correlation was found between HOMA-IR and adipokines in this study. Although not 
significant, we found a positive correlation between leptin and HOMA-IR in the O/O group, 
and a negative correlation between the HOMA-index and adiponectin.

Silha et al. [24] reported that adiponectin levels were significantly lower in obese compared 
to lean subjects and higher in females, but they did not show a significant correlation with 
the HOMA index. Leptin levels were higher in obese women and correlated with the HOMA 
index and resistin. In the study of Gulturk et al. [25], leptin levels in women were also found 
to be significantly higher than in men in both T2DM, and healthy participants. In our study, 
there was no significant difference between male and female in leptin and adiponectin levels 
in the O/O group.

Many studies in adults have suggested that omentin-1 is inversely correlated to obesity and 
insulin resistance. Auguet et al. [16] revealed that serum omentin-1 levels were significantly 
lower in the morbidly obese subjects and inversely correlated with the metabolic syndrome 
(MS). The expression of omentin-1 in visceral adipose tissue was significantly lower in 
morbidly obese women compared to controls. Çatoi et al. [26] found in their study that 
omentin-1 levels were decreased in morbidly obese compared to normal-weight healthy 
individuals and were inversely related to chronic inflammation and dyslipidemia. Rothermel 
et al. [27] stated in their study that omentin-1 concentrations were significantly lower in 
obese children compared to children with normal weight and negatively associated with 
HOMA-IR. It was observed that the serum level of omentin-1 increased with weight loss.

In our study, omentin-1 levels were found to be significantly higher in the O/O group (244.59 
± 33.61 pg/mL) compared to the control group (197.49 ± 37.45 pg/mL) (p =0.001). We also 
found a significant (p < 0.01), negative correlation between omentin-1 and HDL-cholesterol 
in the O/O group. Omentin-1 was not correlated with other laboratory data. There was no 
difference on comparing gender.

We compared the levels of vaspin, omentin-1, leptin and adiponectin in non-obese and O/O 
children with hepatosteatosis and found that leptin, omentin-1 and adiponectin levels were 
significantly higher in the hepatosteatosis group. There was no significant difference in 
vaspin levels. Our data support the concept that elevated adipokine levels are closely linked 
with hepatosteotosis. Also we showed that as the degree of hepatosteatosis increased in 
children with NAFLD, serum leptin and omentin-1 levels increased. Elevated leptin and 
omentin-1 levels may be appropriate serum markers to predict advanced hepatosteotosis in 
children with NAFLD.

Polyzos et al. [28] stated in their meta-analysis studies that leptin levels are extremely high 
in individuals with hepatosteatosis compared to the control group and higher levels of 
circulating leptin were associated with increased severity of hepatosteatosis.
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In another meta-analysis study by Polyzos et al. [29], it was found that adiponectin levels 
were lower in individuals with hepatosteatosis compared to the control group. In the study 
of Lebensztejn et al. [30], serum leptin level was higher and adiponectin was lower in obese 
children with NAFLD compared to controls. Adiponectin was correlated with HOMA-IR 
and ultrasonographic grades of liver were negatively correlated with adiponectin in the 
same study. Boyraz et al. [31] showed that leptin was higher in obese children with NAFLD 
and adiponectin was negatively correlated with ALT and ultrasonographic grading. They 
suggested that adiponectin and leptin were the markers for predicting metabolic syndrome 
and NAFLD. Abenavoli et al. [32] found similar results and they suggested that leptin level 
was higher; adiponectin was lower in overweight patients with NAFLD. Also they revealed 
that serum adiponectin and leptin levels might be used as diagnostic markers to determine 
the presence of NAFLD in overweight patients.

Yılmaz et al. [33] found that omentin-1 levels were high in individuals with biopsy-proven 
NAFLD disease and serum omentin-1 levels were significantly associated with C-reactive 
protein and the degree of hepatocyte ballooning.

Aktas et al. [34] stated in their study that the vaspin level was high in individuals with 
hepatosteatosis and serum vaspin levels showed a statistically significant association with 
CRP and liver fibrosis scores. There are studies in literature that, vaspin levels observed 
higher in the patients with histologically confirmed NAFLD [35], and others reported similar 
vaspin levels in NAFLD patients and control [36].

Study limitations
The expression of adipokine levels in visceral adipose tissue couldn’t be analysed and 
hepatosteatosis could not be proven with liver biopsy in the obese children.

In conclusion, while serum leptin, omentin-1 and adiponectin levels were higher, vaspin 
levels were significantly lower in the O/O group. Furthermore, omentin-1, leptin and 
adiponectin levels were significantly higher in the obese children with hepatosteatosis group. 
The cut-off value of adipokine levels related to the degree of hepatosteatosis can be shown in 
future larger studies. The reason why some values are contrary to the literature may be due to 
the presence of overweight subjects in current study.

REFERENCES

 1. Wang Y, Lobstein T. Worldwide trends in childhood overweight and obesity. Int J Pediatr Obes 2006;1:11-25. 
PUBMED | CROSSREF

 2. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G, Bennett P, Shaw J, Caprio S; 
IDF Consensus Group. The metabolic syndrome in children and adolescents - an IDF consensus report. 
Pediatr Diabetes 2007;8:299-306. 
PUBMED | CROSSREF

 3. Lago F, Gómez R, Gómez-Reino JJ, Dieguez C, Gualillo O. Adipokines as novel modulators of lipid 
metabolism. Trends Biochem Sci 2009;34:500-10. 
PUBMED | CROSSREF

 4. Heymsfield SB, Greenberg AS, Fujioka K, Dixon RM, Kushner R, Hunt T, Lubina JA, Patane J, Self B, Hunt 
P, McCamish M. Recombinant leptin for weight loss in obese and lean adults: a randomized, controlled, 
dose-escalation trial. JAMA 1999;282:1568-75. 
PUBMED | CROSSREF

201

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/17902211
https://doi.org/10.1080/17477160600586747
http://www.ncbi.nlm.nih.gov/pubmed/17850473
https://doi.org/10.1111/j.1399-5448.2007.00271.x
http://www.ncbi.nlm.nih.gov/pubmed/19729309
https://doi.org/10.1016/j.tibs.2009.06.008
http://www.ncbi.nlm.nih.gov/pubmed/10546697
https://doi.org/10.1001/jama.282.16.1568
https://e-cnr.org


Adipokin Levels in Obese Children

https://doi.org/10.7762/cnr.2022.11.3.194

 5. Erickson SK. Nonalcoholic fatty liver disease. J Lipid Res 2009;50 Suppl:S412-6. 
PUBMED | CROSSREF

 6. Buechler C. Chemerin in non-alcoholic fatty liver disease? Up or down? Endocrinol Metab Syndr 
2013;2:e117. 
CROSSREF

 7. Heiker JT. Vaspin (serpinA12) in obesity, insulin resistance, and inflammation. J Pept Sci 2014;20:299-306. 
PUBMED | CROSSREF

 8. Youn BS, Klöting N, Kratzsch J, Lee N, Park JW, Song ES, Ruschke K, Oberbach A, Fasshauer M, Stumvoll 
M, Blüher M. Serum vaspin concentrations in human obesity and type 2 diabetes. Diabetes 2008;57:372-7. 
PUBMED | CROSSREF

 9. de Souza Batista CM, Yang RZ, Lee MJ, Glynn NM, Yu DZ, Pray J, Ndubuizu K, Patil S, Schwartz A, 
Kligman M, Fried SK, Gong DW, Shuldiner AR, Pollin TI, McLenithan JC. Omentin plasma levels and 
gene expression are decreased in obesity. Diabetes 2007;56:1655-61. 
PUBMED | CROSSREF

 10. Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, Yamashita S, Noda M, Kita S, Ueki K, 
Eto K, Akanuma Y, Froguel P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R, Kahn BB, Kadowaki T. 
Adiponectin stimulates glucose utilization and fatty-acid oxidation by activating AMP-activated protein 
kinase. Nat Med 2002;8:1288-95. 
PUBMED | CROSSREF

 11. Hotta K, Funahashi T, Bodkin NL, Ortmeyer HK, Arita Y, Hansen BC, Matsuzawa Y. Circulating 
concentrations of the adipocyte protein adiponectin are decreased in parallel with reduced insulin 
sensitivity during the progression to type 2 diabetes in rhesus monkeys. Diabetes 2001;50:1126-33. 
PUBMED | CROSSREF

 12. Jarrar MH, Baranova A, Collantes R, Ranard B, Stepanova M, Bennett C, Fang Y, Elariny H, Goodman 
Z, Chandhoke V, Younossi ZM. Adipokines and cytokines in non-alcoholic fatty liver disease. Aliment 
Pharmacol Ther 2008;27:412-21. 
PUBMED | CROSSREF

 13. Jamali R, Razavizade M, Arj A, Aarabi MH. Serum adipokines might predict liver histology findings in 
non-alcoholic fatty liver disease. World J Gastroenterol 2016;22:5096-103. 
PUBMED | CROSSREF

 14. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, Wei R, Curtin LR, Roche AF, 
Johnson CL. 2000 CDC Growth Charts for the United States: methods and development. Vital Health Stat 
11 2002;246:1-190.
PUBMED

 15. Ronti T, Lupattelli G, Mannarino E. The endocrine function of adipose tissue: an update. Clin Endocrinol 
(Oxf ) 2006;64:355-65. 
PUBMED | CROSSREF

 16. Auguet T, Quintero Y, Riesco D, Morancho B, Terra X, Crescenti A, Broch M, Aguilar C, Olona M, Porras 
JA, Hernandez M, Sabench F, del Castillo D, Richart C. New adipokines vaspin and omentin. Circulating 
levels and gene expression in adipose tissue from morbidly obese women. BMC Med Genet 2011;12:60. 
PUBMED | CROSSREF

 17. Sperling M, Grzelak T, Pelczyńska M, Jasinska P, Bogdanski P, Pupek-Musialik D, Czyzewska K. 
Concentrations of omentin and vaspin versus insulin resistance in obese individuals. Biomed 
Pharmacother 2016;83:542-7. 
PUBMED | CROSSREF

 18. Klöting N, Berndt J, Kralisch S, Kovacs P, Fasshauer M, Schön MR, Stumvoll M, Blüher M. Vaspin gene 
expression in human adipose tissue: association with obesity and type 2 diabetes. Biochem Biophys Res 
Commun 2006;339:430-6. 
PUBMED | CROSSREF

 19. Youn BS, Klöting N, Kratzsch J, Lee N, Park JW, Song ES, Ruschke K, Oberbach A, Fasshauer M, Stumvoll 
M, Blüher M. Serum vaspin concentrations in human obesity and type 2 diabetes. Diabetes 2008;57:372-7. 
PUBMED | CROSSREF

 20. Chang HM, Park HS, Park CY, Song YS, Jang YJ. Association between serum vaspin concentrations and 
visceral adipose tissue in Korean subjects. Metabolism 2010;59:1276-81. 
PUBMED | CROSSREF

 21. Pîrsean C, Neguuț C, Stefan-van Staden RI, Dinu-Pirvu CE, Armean P, Udeanu DI. The salivary 
levels of leptin and interleukin-6 as potential inflammatory markers in children obesity. PLoS One 
2019;14:e0210288. 
PUBMED | CROSSREF

202

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/19074370
https://doi.org/10.1194/jlr.R800089-JLR200
https://doi.org/10.4172/2161-1017.1000e117
http://www.ncbi.nlm.nih.gov/pubmed/24596079
https://doi.org/10.1002/psc.2621
http://www.ncbi.nlm.nih.gov/pubmed/17991760
https://doi.org/10.2337/db07-1045
http://www.ncbi.nlm.nih.gov/pubmed/17329619
https://doi.org/10.2337/db06-1506
http://www.ncbi.nlm.nih.gov/pubmed/12368907
https://doi.org/10.1038/nm788
http://www.ncbi.nlm.nih.gov/pubmed/11334417
https://doi.org/10.2337/diabetes.50.5.1126
http://www.ncbi.nlm.nih.gov/pubmed/18081738
https://doi.org/10.1111/j.1365-2036.2007.03586.x
http://www.ncbi.nlm.nih.gov/pubmed/27275102
https://doi.org/10.3748/wjg.v22.i21.5096
http://www.ncbi.nlm.nih.gov/pubmed/12043359
http://www.ncbi.nlm.nih.gov/pubmed/16584505
https://doi.org/10.1111/j.1365-2265.2006.02474.x
http://www.ncbi.nlm.nih.gov/pubmed/21526992
https://doi.org/10.1186/1471-2350-12-60
http://www.ncbi.nlm.nih.gov/pubmed/27449535
https://doi.org/10.1016/j.biopha.2016.07.012
http://www.ncbi.nlm.nih.gov/pubmed/16298335
https://doi.org/10.1016/j.bbrc.2005.11.039
http://www.ncbi.nlm.nih.gov/pubmed/17991760
https://doi.org/10.2337/db07-1045
http://www.ncbi.nlm.nih.gov/pubmed/20060144
https://doi.org/10.1016/j.metabol.2009.11.021
http://www.ncbi.nlm.nih.gov/pubmed/30605486
https://doi.org/10.1371/journal.pone.0210288
https://e-cnr.org


Adipokin Levels in Obese Children

https://doi.org/10.7762/cnr.2022.11.3.194

 22. Bodini A, Tenero L, Sandri M, Maffeis C, Piazza M, Zanoni L, Peroni D, Boner A, Piacentini G. Serum 
and exhaled breath condensate leptin levels in asthmatic and obesity children: a pilot study. J Breath Res 
2017;11:046005. 
PUBMED | CROSSREF

 23. Taniguchi A, Fukushima M, Ohya M, Nakai Y, Yoshii S, Nagasaka S, Matsumoto K, Taki Y, Kuroe A, 
Nishimura F, Seino Y. Interleukin 6, adiponectin, leptin, and insulin resistance in nonobese Japanese type 
2 diabetic patients. Metabolism 2006;55:258-62. 
PUBMED | CROSSREF

 24. Silha JV, Krsek M, Skrha JV, Sucharda P, Nyomba BL, Murphy LJ. Plasma resistin, adiponectin and leptin 
levels in lean and obese subjects: correlations with insulin resistance. Eur J Endocrinol 2003;149:331-5. 
PUBMED | CROSSREF

 25. Gulturk S, Cetin A, Erdal S. Association of leptin with insulin resistance, body composition, and lipid 
parameters in postmenopausal women and men in type 2 diabetes mellitus. Saudi Med J 2008;29:813-20.
PUBMED

 26. Cătoi AF, Suciu Ş, Pârvu AE, Copăescu C, Galea RF, Buzoianu AD, Vereşiu IA, Cătoi C, Pop ID. Increased 
chemerin and decreased omentin-1 levels in morbidly obese patients are correlated with insulin 
resistance, oxidative stress and chronic inflammation. Clujul Med 2014;87:19-26. 
PUBMED | CROSSREF

 27. Rothermel J, Lass N, Barth A, Reinehr T. Link between omentin-1, obesity and insulin resistance in 
children: findings from a longitudinal intervention study. Pediatr Obes 2020;15:e12605. 
PUBMED | CROSSREF

 28. Polyzos SA, Aronis KN, Kountouras J, Raptis DD, Vasiloglou MF, Mantzoros CS. Circulating leptin in non-
alcoholic fatty liver disease: a systematic review and meta-analysis. Diabetologia 2016;59:30-43. 
PUBMED | CROSSREF

 29. Polyzos SA, Toulis KA, Goulis DG, Zavos C, Kountouras J. Serum total adiponectin in nonalcoholic fatty 
liver disease: a systematic review and meta-analysis. Metabolism 2011;60:313-26. 
PUBMED | CROSSREF

 30. Lebensztejn DM, Wojtkowska M, Skiba E, Werpachowska I, Tobolczyk J, Kaczmarski M. Serum 
concentration of adiponectin, leptin and resistin in obese children with non-alcoholic fatty liver disease. 
Adv Med Sci 2009;54:177-82. 
PUBMED | CROSSREF

 31. Boyraz M, Cekmez F, Karaoglu A, Cinaz P, Durak M, Bideci A. Serum adiponectin, leptin, resistin and 
RBP4 levels in obese and metabolic syndrome children with nonalcoholic fatty liver disease. Biomarkers 
Med 2013;7:737-45. 
PUBMED | CROSSREF

 32. Abenavoli L, Luigiano C, Guzzi PH, Milic N, Morace C, Stelitano L, Consolo P, Miraglia S, Fagoonee S, 
Virgilio C, Luzza F, De Lorenzo A, Pellicano R. Serum adipokine levels in overweight patients and their 
relationship with non-alcoholic fatty liver disease. Panminerva Med 2014;56:189-93.
PUBMED

 33. Yilmaz Y, Yonal O, Kurt R, Alahdab YO, Eren F, Ozdogan O, Celikel CA, Imeryuz N, Kalayci C, Avsar E. 
Serum levels of omentin, chemerin and adipsin in patients with biopsy-proven nonalcoholic fatty liver 
disease. Scand J Gastroenterol 2011;46:91-7. 
PUBMED | CROSSREF

 34. Aktas B, Yilmaz Y, Eren F, Yonal O, Kurt R, Alahdab YO, Celikel CA, Ozdogan O, Imeryuz N, Kalayci C, 
Avsar E. Serum levels of vaspin, obestatin, and apelin-36 in patients with nonalcoholic fatty liver disease. 
Metabolism 2011;60:544-9. 
PUBMED | CROSSREF

 35. Yilmaz Y, Kurt R, Gurdal A, Alahdab YO, Yonal O, Senates E, Polat N, Eren F, Imeryuz N, Oflaz H. 
Circulating vaspin levels and epicardial adipose tissue thickness are associated with impaired coronary 
flow reserve in patients with nonalcoholic fatty liver disease. Atherosclerosis 2011;217:125-9. 
PUBMED | CROSSREF

 36. Kukla M, Zwirska-Korczala K, Hartleb M, Waluga M, Chwist A, Kajor M, Ciupinska-Kajor M, Berdowska 
A, Wozniak-Grygiel E, Buldak R. Serum chemerin and vaspin in non-alcoholic fatty liver disease. Scand J 
Gastroenterol 2010;45:235-42. 
PUBMED | CROSSREF

203

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

http://www.ncbi.nlm.nih.gov/pubmed/28952460
https://doi.org/10.1088/1752-7163/aa61c5
http://www.ncbi.nlm.nih.gov/pubmed/16423635
https://doi.org/10.1016/j.metabol.2005.08.020
http://www.ncbi.nlm.nih.gov/pubmed/14514348
https://doi.org/10.1530/eje.0.1490331
http://www.ncbi.nlm.nih.gov/pubmed/18521457
http://www.ncbi.nlm.nih.gov/pubmed/26527991
https://doi.org/10.15386/cjm.2014.8872.871.afc1
http://www.ncbi.nlm.nih.gov/pubmed/31840425
https://doi.org/10.1111/ijpo.12605
http://www.ncbi.nlm.nih.gov/pubmed/26407715
https://doi.org/10.1007/s00125-015-3769-3
http://www.ncbi.nlm.nih.gov/pubmed/21040935
https://doi.org/10.1016/j.metabol.2010.09.003
http://www.ncbi.nlm.nih.gov/pubmed/20022856
https://doi.org/10.2478/v10039-009-0047-y
http://www.ncbi.nlm.nih.gov/pubmed/24044566
https://doi.org/10.2217/bmm.13.13
http://www.ncbi.nlm.nih.gov/pubmed/24994581
http://www.ncbi.nlm.nih.gov/pubmed/20809771
https://doi.org/10.3109/00365521.2010.516452
http://www.ncbi.nlm.nih.gov/pubmed/20580037
https://doi.org/10.1016/j.metabol.2010.05.008
http://www.ncbi.nlm.nih.gov/pubmed/21513939
https://doi.org/10.1016/j.atherosclerosis.2011.03.026
http://www.ncbi.nlm.nih.gov/pubmed/20095887
https://doi.org/10.3109/00365520903443852
https://e-cnr.org

	Evaluation of Serum Omentin-1, Vaspin, Leptin, Adiponectin Levels in Obese/Overweight Children and Their Relationship With Non-Alcoholic Fatty Liver Disease
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analysis

	RESULTS
	DISCUSSION
	Study limitations

	REFERENCES


