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Öz 
 

Giriş: Obezitenin tek başına ateroskleroz için bir risk faktörü olduğu 
bilinmektedir. Obezite ve ateroskleroz ilişkisi ile ilgili bilinen başlıca 
faktörler dislipidemi, insülin rezistansı ve insülin duyarlılığını artırıcı bir 
adipositokin olan adiponektin (ADPN) eksikliğidir. Bu çalışmada, obez 
çocuklarda adiponektin düzeylerinin araştırılması ve adiponektin 
düzeyleri ile ateroskleroza yatkınlık oluşturduğu bilinen başka 
faktörlerin ilişkilerinin değerlendirilmesi amaçlanmıştır.  
Gereçler ve yöntem: 30 obez çocuk hastanın ve 28 sağlıklı çocuğun 
plazma örneklerinden ADPN, plazminojen aktivatör inhbitor-1 (PAI-1), 
lipid profili, insülin ve tam kan örneklerinden hemoglobin A1c (HbA1c) 
düzeyleri belirlendi ve bu faktörlerin birbirleri ile ilişkileri araştırıldı. 
Obez hasta grubunda oral glukoz tolerans testi (OGTT) uygulandı ve 
OGTT’nin 2. saatinde ADPN ve PAI-1 düzeyleri tekrar değerlendirildi. 
Sonuçlar: Obez hasta grubunda, bazal ADPN ve PAI-1 düzeyleri, 
OGTT’nin 2. saatinde elde edilen değerlere göre daha düşük tesbit 
edildi. Bazal ADPN düzeyleri, vücut kitle indeksi, trigliserid düzeyleri, çok 
düşük dansiteli lipoprotein (VLDL) ve insulin düzeyleri ile negatif 
korelasyon göstermekteydi. Postprandial elde edilen ADPN ve PAI-1 
bazal değerlere göre anlamlı olarak yüksek tespit edildi. Postprandial 
PAI-1 ve yüksek dansiteli lipoprotein (HDL) arasında ve postprandial 
ADPN ile insulin ve trigliserid düzeyleri arasında negatif korelasyon 
tesbit edildi. Trigliserid ve insulin düzeylerindeki değişiklikler ADPN’i 
negatif yönde etkilerken, HbA1c’deki değişiklikler pozitif yönde 
etkilemekteydi.  
Sonuç: Çalışmamız plazma ADPN düzeylerinin atheroskleroz yatkınlığını 
gösteren bir belirteç olarak kullanılabileceğini ortaya koymaktadır.  
Anahtar Kelimeler: Çocukluk çağı obezitesi, adiponectin, plazminojen 

aktivatör inhibitör-1, 
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Abstract 
 

Introduction: It is known that obesity itself is a risk factor for 

atherosclerosis. Dyslipidemia, insulin resistance and the deficiency of the 

adiponectin (ADPN), which is an adipocytokine increasing the insulin 

sensitivity, are the main factors known for their relations with the obesity 

and atherosclerosis. This study aimed to determine the levels of plasma 

ADPN in obese children and its relationship with several other factors 

associated with atherosclerosis.  

Materials and Method: Plasma levels of ADPN, plasminogen activator 

inhbitor-1 (PAI-1), lipids and insulin and blood hemoglobin A1c (HbA1c) 

levels were measured and their relations with each other were 

determined in 30 obese and 28 healthy children. Oral glucose tolerance 

test (OGTT) was performed to obese children and ADPN and PAI-1 levels 

were rechecked at the second hour of OGTT.  

Results: In obese children, the basal ADPN and PAI-1 levels were lower, 

than their levels obtained 2 hours after the OGTT. Basal ADPN levels 

showed negative correlation with the body mass index, and triglyceride, 

very low density lipoprotein (VLDL) and insulin levels. Negative 

correlation was also detected between the postprandial PAI-1 and high 

density lipoprotein (HDL), and between plasma ADPN and insulin and 

triglyceride levels. While the changes in triglyceride and insulin levels 

negatively affected the ADPN, the changes in HbA1c affected ADPN 

positively.  

Conclusion: Our study indicates that, plasma ADPN level can be used as a 

follow up marker for atherosclerosis. 
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Introduction 

Obesity in children has been a great problem all over the world, since it is a risk factor for 

chronic diseases such as hypertension, hyperlipidemia, hyperinsulinemia and 

atherosclerosis. Thus, it is important to understand the pathophysiology and the causes of 

being overweight to improve prevention and therapy (1). 

Nowadays, it has been known that adipose tissue is not only a passive tissue for storage of 

energy metabolites, but it also secretes cytokines for the body’s energy equilibrium. For this 

reason, studies are concentrated on adiponectin (ADPN), which is an adipocytokine secreted 

from adipose tissue, that regulates the carbohydrate and fat metabolism, and plays a role in 

the development of atherosclerosis. ADPN is known to be decreased in obesity and in 

patients with coronary artery disease (CAD). There have been limited data on levels of ADPN 

in children (2).  

Endothelial dysfunction and inflammation are the main factors leading to atherosclerotic 

cardiovascular disease and are closely related with insulin resistance (3). There has been 

proof that ADPN shows antiatherogenic effects via TNF-alpha, which is a proinflammatory 

biomarker that regulates the expression of some endothelial adhesion molecules (4). Levels 

of endogenous hemostatic inhibitor plasminogen activator inhibitor-1 (PAI-1), which is a 

cardiometabolic biomarker, increase in obese patients. The high levels of PAI-1 lead to the 

development of atherosclerosis by decreasing the fibrinolytic activity. The association 

between PAI-1 levels with insulin resistance and obesity has also been identified in children 

and adolescents (5).   

In this study, we aimed to investigate the blood levels of ADPN and PAI-1 and their relation 

with atherosclerosis in obese children.  

Methods 

The study was carried out in Gazi University Medical School, Pediatric Metabolism and 

Nutrition Department. 30 obese children were included in the study. Age and sex matched 

28 normal weighted, healthy children formed the control group. All the children were at 

prepubertal age. 
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The weights of both obese and healthy children were measured by weighing scale and their 

heights were measured by stadiometer. Children with their body mass index (BMI) over 95% 

and their relative weights over 120% were accepted as obese (6). 

Biochemical Analysis: 

Fasting plasma glucose, cholesterol, triglyceride, low-density lipoprotein (LDL), high-density 

lipoprotein (HDL), very low-density lipoprotein (VLDL), insulin, PAI-1 and ADPN and blood 

haemoglobin A1c (HbA1c) levels were studied in obese children and control group. In obese 

cases all parameters were re-evaluated after oral glucose tolerance test (OGTT). 

OGTT was performed according to the guidelines of American Diabetes Association (ADA) in 

the obese group after 12 hours of fasting with 1.75 g/kg (maximum 75 g) oral glucose, as a 

suspension in 250 ml of water. Blood glucose levels were determined just before and 120 

minutes after drinking the glucose (7). 

Plasma glucose, triglyceride, and HDL was measured by colorimetric-spectrophotometry 

with Aeroset autoanalyzer device. The VLDL level was calculated by triglyceride/5, the LDL by 

Friedwald formula [Total Cholesterol–(HDL+VLDL)= LDL]. HbA1c was measured by HPLC (high 

performance liquid chromatograph) and plasma insulin level by automatic immunoassay 

methods. 

For ADPN, samples were put into the EDTA tubes and were centrifuged at 3000 rpm at 4 0C 

for 10 minutes and stored at -70 0C. Plasma ADPN concentration was measured by sandwich 

ELISA (Otsuka pharmaceutical company Ltd.), using ADPN specific antibodies (8). PAI-1 levels 

were also studied using ELISA method.  

Informed consent was taken from the parents of all cases. The study was approved by the 

ethical committee of Gazi University Faculty of Medicine. 

Statistical Analysis 

The differences in mean parameters of independent groups were analyzed by the Mann 

Whitney U test. The differences between basal parameters and parameters obtained at the 

second hour of OGTT were studied using “paired samples t-test”, whereas the relations 

between these parametres were studied by Pearson correlation test. To obtain the normal 
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range of variables, conversion of square root was administered. To search the relation 

between variables and ADPN and PAI-1, we used the multiple regression stepwise analysis. 

Results 

30 obese children (17 females, 13 males, age range: 6-9 years, mean age: 7.5 years) and 28 

normal weighted heathy children (12 females, 16 males, age range: 6-9 years, mean age: 8.3 

years) forming the control group were included in the study. 

Table 1: The comparison of the anthropometric measurements of the cases. 

 
Obese  

(n: 30) 

Control  

(n: 28) 
P 

Length (m) 
1.25 

(1.05-1.45) 

1.31 

(1.12-1.42) 
0.441 

Body mass index (kg/m
2
) 

22.20 

(19.67-25.95) 

16.74 

(14.5-19.5) 
<0.001 

Relative weight (%) 
133.50 

(121-153) 

97.00 

(91-114) 
<0.001 

Systolic blood pressure (mmHg) 
110.00 

(90-120) 

100.00 

(80-120) 
0.006 

Diastolic blood pressure(mmHg) 
70.00 

(45-85) 

65.00 

(60-80) 
0.328 

Body weight (kg) 
34.75 

(23.5-54) 

28.25 

(19-38) 
<0.001 

 

The anthropometric data and blood pressures of the obese and control groups are shown in 

Table-1. Body weight, BMI, relative weights and the systolic blod pressures of obese childen 

were found higher than the control group (p<0.05) (Table-1). Basal levels of total cholesterol, 

LDL and insulin of obese patients were significantly higher, whereas HDL levels were 

significantly lower than the control group (p<0.05) (Table-2).  

The basal ADPN and PAI-1 of patients and control group are shown in Table-3. ADPN levels 

of the obese group were found to be significantly lower than the control group, whereas, the 

PAI-1 levels were higher in the obese group (p<0.05).  

 

Table 2: The comparison of the basal biochemical parameters of the cases. 
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Obese 

(n:30) 

Control  

(n:28) 
P 

Blood glucose (mg/dl) 
86.86±7.39 

(87.50) 

89.42±6.94 

(90.00) 
0.255 

Cholesterol (mg/dl) 
170.83±34.48 

(165.00) 

143.93±23.58 

(139.00) 
0.002 

Triglyceride (mg/dl) 
91.5±39.08 

(92.50) 

82.54±57.87 

(69.00) 
0.125 

LDL (mg/dl) 
105.3±25.19 

(105.00) 

73.21±23.72 

(74.00) 
0.000 

HDL (mg/dl) 
44.87±9.03 

(43.50) 

53.25±11.29 

(50.50) 
0.001 

VLDL (mg/dl) 
19±8.30 

(19.50) 

16.68±11.39 

(14.00) 
0.110 

Insulin (mIU/ml) 
10.9±5.37 

(9.41) 

5.43±2.07 

(5.43) 
0.000 

HbA1c (%) 
4.94±1.04 

(4.70) 

4.89±0.52 

(4.80) 
0.528 

 

The comparison between basal and postprandial cytokine levels (ADPN and PAI-1) is shown 

in Table-4. ADPN levels at the second hour of OGTT were significantly higher than basal 

ADPN levels (p=0.003), where PAI-1 levels were significantly lower (p=0.001), (Table-4).  

Table 3: Comparison of the basal values of cytokines.  

 
Obese  

(n: 30) 

Control 

(n: 28) 
P 

PAI-1 (ng/ml) 
63.79±28.45 

(62.45) 

45.34±26.98 

(34.95) 
0.006 

Adiponectin (g/ml) 
9.1±2.60 

(8.53) 

10.69±3.00 

(10.27) 
0.038 

 

The relationship between ADPN and other parameters is shown in Table 5. The correlation 

analysis showed changes in HbA1c to affect ADPN in a positive manner. Negative 

correlations between basal plasma ADPN and BMI (p=0.043, r=-0.37), triglyceride (p=0.007, 

r=-0.479), VLDL (p=0.008, r=-0.48) and insulin levels (p=0.029, r=-0.399) were detected 
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(Figure 1, 2, 3, 4). Negative correlation between plasma PAI-1 and HDL (p=0.012, r=-0.45) 

(Figure 5), and between plasma ADPN, insulin (p=0.026, r=-0.407) and triglyceride (p=0.003, 

r=-0.528) was found at the second hour of the OGTT (Figure 6, 7). Not any relationship 

between plasma ADPN levels and systolic and diastolic blood pressure of obese children 

could be detected (p>0.05). 

Table 4: The comparison between basal and postprandial cytokines. 

 Obese (basal) Obese (postprandial) P 

PAI-1 (ng/ml) 63.79±28.45 50.69±27.06 0.001 

Adiponectin (g/ml) 9.10±2.60 9.66±2.70 0.003 

 

Table 5: Correlation between ADPN and biochemical paramaters 

 

  R square Beta P 

1.Analysis 0.229     

    Constant    

    square root triglyceride  

-0.479 

 

0.007 

2. Analysis 0.356     

    Constant    

    square root triglyceride  

-0.524 

 

0.002 

    KK HbA1c  0.359 0.029 

3. Analysis 0.495     

    Constant    

    square root triglyceride  

-0.487 

 

0.002 

   square root HbA1c  0.383 0.011 

   square root İnsulin -0.377 0.013 

 

Discussion 

It is well known that obesity in children causes metabolic and cardiovascular diseases in 

adult life (2, 9). In the recent years, relations between low ADPN level in obesity and 

increased risk of vascular diseases together with high PAI-1 levels and higher risk of vascular 
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damage has been shown (5, 10). Recent studies on obesity have been focusing on cellular 

metabolits being released by adipose tissue (adipocytokines) including PAI-1 and ADPN (11).  

Figure 1: The relation of basal plasma ADPN and BMI in the obese group. 
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The results of low ADPN levels in obese children in our study, is in correlation with many 

studies in literature. Physiological concentrations of ADPN decrease the secretion of TNF 

alpha from macrophages and monocytes, and by affecting the expression of adhesion 

molecules, inhibit monocytes adhesion. Also ADPN inhibits both the expression of several 

growth factors on the damaged endothelial wall, and proliferation and immigration of 

smooth muscle cells (10). In various studies, it has been shown that the lower secretion of 

ADPN in obese patients, increase the risk of atherosclerosis (12).  

In our study, similar to other studies reported in literature, plasma ADPN levels were 

measured lower in obese children when compared to healthy controls (9.1+2.6 (mean: 8.53) 

microgram/ml in obese children and 10.69+3.0 (mean: 10.27) microgram/ml in normal 

weighted children). These values are higher than the adult values reported in the literature. 

The higher levels of ADPN in children can be explained by lower BMI compared to adults. 
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Nemet et al. (5) have also demonstrated ADPN levels to be high in obese children than 

normal weighted adults.  

Figure 2: The relation of basal plasma ADPN and triglyceride in the obese group. 
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Recently, the PAI-1, an essential regulator of fibrinolysis that is well known with its relation 

with atherosclerosis, has been showed up to be involved in various metabolic disoders 

including obesity. Plasma PAI-1 is derived from several sources including the vascular 

epithelium, adipose tissue and liver. The increase in adipose tissue derived PAI-1 is known to 

be due to inflammation and several proinflammatory cytokines including TNF-alpha. 

Decreased ADPN levels may also be contributing to increased PAI-1 production in obesity 

(13).  

In our study, the changes of adipocytokine levels after glucose ingestion were studied and 

postprandial ADPN levels were found to be increased in obese children. We suggest the 

reason of this increase may be due to the active adipogenesis in children, and the increased 

response of the adipose tissue to stimulants. Hotta et al have suggested that food intake 

does not affect the ADPN levels directly (14).  

 

p=0.007, r= -0.479 
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Figure 3: The relation of basal plasma ADPN and VLDL levels in the obese group.
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Hyperinsulinemia and insulin resistance in obese patients contribute to the development of 

atherosclerosis. ADPN plays a protective role on this mechanism by increasing the sensitivity 

of insulin through the muscle and liver tissue (15). In our study, a negative correlation 

between ADPN and the insulin levels at fasting and non-fasting states in obese children has 

been observed. Also, apart from the other variables, a positive correlation between ADPN 

and HbA1c, which is an indicator of insulin resistance, has been detected. For this reason, it 

has been assumed that, in childhood high ADPN levels may cause insulin resistance, 

independent from other factors. Similar results have been shown in several studies 

performed in adults and children (16, 17).  

In our study, plasma insulin level was found to be increased at non-fasting state in obese 

children, and this increase did not have any apparent effect on ADPN levels. Although there 

was a negative correlation between insulin and ADPN levels, the fact that ADPN levels did 

not increase at non-fasting state, may suggest that insulin may not directly affect ADPN 

concentrations. Fasshauer et al have compared the effects of acute versus. chronic secretion 

of insulin by means of in vitro expression of ADPN, and they have suggested chronic insulin 

therapy to cause low ADPN levels (18). Similarly, Hotta et al. (19) have shown the chronic 

usage of insulin to decrease ADPN levels. 
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Figure 4: The relation of basal plasma ADPN and insulin in the obese group. 
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We also could not detect any relationship between plasma ADPN levels and blood pressure 

in obese children. This finding is in converse with several studies in the literature. Our finding 

may be due to lack of adequate number of patients included in the study.  The ADPN 

concentrations have been found higher in hypertensive young males (17). Mallamaci et al. 

(20) also found the ADPN levels to be high in hypertensive males, independent of BMI. 

Recently, Ding et al have evaluated adipokines of metabolically healthy and non-healthy 

obese children and adolescent and found ADPN to be inversely corrrelated with systolic and 

diastolic blood pressure (11). ADPN inhibits lipid storage in macrophages and monocytes and 

prevents the development of atherosclerosis by decreasing plasma lipids and decreases the 

concentration of fatty acids and triglycerides by increasing the fatty acid oxidation (21). In 

our study, we examined the relations between lipids and plasma ADPN in obese children. 

There was a negative correlation between VLDL, triglyceride and plasma ADPN; and no 

relation was found between LDL, HDL-cholesterol and plasma ADPN levels. In a study of 180 

obese patients, a negative relationship between the plasma ADPN and triglyceride levels, 

and positive relationship between the plasma ADPN and HDL cholesterol were shown (17). 

In this study, we could not find any relation between ADPN and cholesterol levels. Nemet et 

al. (9) has also found positive correlation of HDL cholesterol and plasma ADPN. Recently, 
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Agonistis-Sobrino et al (22) have found negative correlation between ADPN and plazma TG 

and total cholesterol/HDL ratio in 512 Portugese adolescents. Again, the contoversial 

findings may be due to inadequte number of patients included in the study and inadequte 

measurement of the patients’ blood pressures, since only one measurement was performed.  

Figure 5: The relation of plasma PAI-1 and HDL at the second hour of OGTT in the obese group.
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The relation between the hemostatic factors and cardiovascular diseases are demonstrated 

in children (23). PAI-1, an endogenous hemostatic system inhibitor, decreases the synthesis 

of plasmin, thus causes the formation of fibrin, activates growth factors and decomposition 

of matrix and finally leads to atherosclerosis (24). PAI-1 which is secreted from adipose 

tissue, stimulate the atherosclerotic endothelial activation in adults; are found to be higher 

in obesity in other studies as well (5, 23, 25), similar to our study. 

In our study we also examined the relation between PAI-1 and lipids and found out a 

negative correlation between HDL-cholesterol and plasma PAI-1. The positive relations with 

VLDL-C and PAI-1, the negative relations with HDL cholesterol have been shown in adults’ 

studies (26). 

p=0.012, r= -0.45 
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Figure 6: The relation of plasma ADPN and insulin at the second hour of OGTT in the obese group.
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Figure 7: The relation of plasma ADPN and triglyceride at the second hour of OGTT in the obese 

group. 
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p=0.026, r=-0.407 

p=0.003, r= -0.528 
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TNF-alfa increases plasma PAI-1 production of various tissues including adipocytes. Samad et 

al. (25) demonstrated that the inhibition of TNF-alpha by neutralizing antibodies, caused 

plasma PAI-1 antigen to decrease by 50%, and adipose tissue PAI-1 level to decrease by 80-

85%. These results verify the fact that the increase in local adipose tissue TNF-alpha has an 

autocrine effect on PAI-1. Increase in TNF-alpha also causes the formation of insulin 

resistance (25, 27), and decreases the expression of ADPN in adipose tissue (18). On the 

other hand, ADPN inhibit the activation of TNF-alpha dependant NF-kappaB through cAMP 

on endothelial wall (12). These results confirm the knowledge that, high TNF-alpha cause 

atherosclerosis and high levels of ADPN inhibit the formation of atherosclerosis. 

In conclusion, since plasma ADPN is associated with atherosclerosis, ADPN levels can be used 

as a follow up marker for atherosclerosis in obese children. In our study, several risk factors 

associated with obesity were found to be high in obese children, including LDL-cholesterol, 

triglycerides, and PAI-1. HDL-cholesterol and ADPN, which are protective factors for the 

atherosclerosis, were low. More information on the pathogenesis of atherosclerosis in 

obesity is needed, and the recent data reveal us that the importance of prevention of 

obesity from early ages, to prevent everal co-morbidities, including athersclerosis. 
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